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Summary

Gastrointestinal reflux disease can lead to theeldgwnent of Barrett’'s oesophagus
(conversion of oesophageal squamous epithelium dlommar epithelium with

intestinal metaplasia) and oesophageal adenocaneindiowever, the molecular
mechanisms driving the reflux-Barrett's oesophagesephageal adenocarcinoma
sequence are not fully understood. MicroRNAs (miRiNAre a class of small RNA

molecules involved in almost every cellular proces®stigated.

In this study quantitative assessment identifiedese differentially expressed
mMiRNAs in Barrett's oesophagus compared with squamepithelium including:
increased expression of miR-21, miR-143, miR-145R-404, miR-215 and
decreased expression of miR-203 and miR-205. miR-14iR-145 and miR-205
were also increased in gastroesophageal reflwaskseMiR-143, miR-145 and miR-
215 were decreased in oesophageal adenocarcinoma.

Gastroesophageal reflux disease: Unravelling rofes miRNAs in the oesophagus

Subsequent studies were performed to explore thledical consequences of these
changes in miRNA expression. Investigation of iased miR-143, miR-145 and
miR-205 levels in an oesophageal squamous cellidiertified these miRNAs can
regulate proliferation and apoptosis. We theretoypothesized that these miRNAs
might act as regulators of oesophageal epitheéstitution in response to reflux.
Investigation of mIRNA and mRNA expression in tigsuidentified correlations
between miR-143 and both BMP4, a key promoter dfimoar specific gene
expression an@K8, a marker of a columnar phenotype. This data isistent with

a possible role for miRNA expression in developnafrBarrett’s oesophagus.

Tumour suppressor miRNAs in oesophageal adenocanora

Studies using an oesophageal adenocarcinomarelidvealed that decreased miR-
143, miR-145 and miR-215 expression likely contrdsu to a reduction in

proliferative and apoptotic control in this canceurther, this reduction is likely
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mediated by a number of miRNA directed changes enegexpression. In-situ
hybridisation identified localisation of these miR8l to the crypts within the
Barrett’'s oesophagus epithelium. Dysplasia is thoag originate from the crypts of
the Barrett’'s oesophagus epithelium, so we hypatbdghat miR-143, miR-145 and
miR-215 play a role in regulating proliferation aagdoptosis in these crypts, with

decreased expression promoting the developmenecdewelopment in these areas.

The miR-200 family: Involvement in Barrett's oesopgus and oesophageal

adenocarcinoma

Decreased expression of miR-141 and miR-200c, mesniifethe miR-200 family
was found to distinguish Barrett's oesophagus fr@hated gastric and intestinal
epithelia. Bioinformatic analysis provided compidadl evidence that this
decreased miRNA expression might contribute to dbeormal proliferative and

apoptotic status of Barrett’'s oesophagus epithelium

We observed decreased expression of the miR-20@yfgmiR-141, miR-200a,
miR-200b, miR-200c and miR-429) and increased esgive ofZEB1 andZEB2 in
oesophageal adenocarcinoma. The miR-200 family laéggi the epithelial to
mesenchymal transition, a key process in tumourastasis, by targeting the
transcription factorsZEB1 and ZEB2. These results provided the first evidence
implicating miRNAs in the epithelial to mesenchyntednsition in oesophageal

adenocarcinoma.

Moving forward

This study provides an exciting platform to builcbrh, especially for further
investigating a miRNA mechanism for the developnudrioth Barrett's oesophagus
and oesophageal adenocarcinoma. In addition, ttudysprovides preliminary
support for the development of miRNA based tools(ig assessing the efficacy of
reflux control, (2) classifying patients at risk @éveloping Barrett's oesophagus and
oesophageal adenocarcinoma, and (3) therapiedddrgmvards modulating miRNA

expression to reduce oesophageal adenocarcinontatigrowth.
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Chapter 1

Introduction

Gastrointestinal reflux disease is a common coowitthat can lead to the
development of Barrett’'s oesophagus and oesophagieadocarcinoma. However,
the molecular mechanisms driving the reflux-Batsetiesophageal adenocarcinoma
sequence are not fully understood. microRNAs (miRN&re a class of small RNA
molecules involved in almost every cellular procesgstigated. miRNAs are often
referred to as master regulators for their abitibyregulate hundreds of different
genes. Altered miRNA expression has been linkeld waty cellular processes known
to be aberrantly regulated or dysfunctional in @ats with reflux, Barrett's
oesophagus and oesophageal adenocarcinoma.

The role of miRNAs in the reflux-Barrett’'s-oesoplkayadenocarcinoma sequence is
not clear. As specific miRNA contributions to céflu processes and disease
pathologies are unravelled we can expect the iflestion of new targets for
therapeutic intervention leading to increased afficin patient care. This thesis aims
to identify changes in miRNA expression across Ithigux-Barrett’'s-oesophageal
adenocarcinoma sequence and investigate how théd¢Archanges may contribute
to aberrant regulation of cellular processes, datifical development and disease

progression.

This chapter provides an introduction to gastratiteal pathologies including
chronic reflux disease, Barrett's oesophagus arsbmigageal adenocarcinoma. It
also introduces miRNAs and their role as both @uaiediators of numerous cellular

processes and biomarkers of specific tissues iatgreletail.



1.1 The Oesophagus

The oesophagus acts as a transport mechanism f@mpharynx to the stomach. It
consists of a muscular tube stretching approxima2élcm in length, beginning at
the cricoid cartilage and extending caudally beltmsl heart to join the cardia of the

stomach, forming the gastroesophageal junct{Bigure 1.1).

Figure 1.1: Identifies the key features of the upper gastestihal tract including
the oesophagus, gastroesophageal junction and gtoi®arrounding visceral organs

are also labelled.

Gastro-esophag
junction

(Reproduced from: The society of thoracic surge@040Y¥

1.1.1 The oesophageal mucosa

In adults, a mucous membrane lines the surfacéefoesophagus. The mucosal
lining is comprised of a stratified squamous epitime that is continually
invaginated by mucosal glands (Figure 1.2A). Theseosal glands project into the
mucosa or submucosa, acting to secrete mucusaohemoesophagus. The squamous
epithelium lining the luminal surface is comprisaefdterminally differentiated cells

that are non-keratinizing, and posses an elongdladmorphology. Beneath the



basal mucosal boundary there is an additional l&pemwn as the lamina propria,
consisting mainly of connective tissue. Invaginasion the lamina propria produce
papillary structures that project perpendicular ttee luminal surface. These
invaginations tend to occur more frequently in thetal oesophagus forming linear

rows of protrusions into the epithelidm

The squamous lining of the oesophagus undergoesnaahrenewal as epithelial
cells break away over time. This regeneration a/gled from the basal layer of the
oesophageal mucdsarhe basal mucosal layer is separated into sectiogated by
papillae from the lamina propria. These include ititerpapillary basal layer (IPL)
and the papillary basal layer (PBLjFigure 1.2B). For epithelium renewal, cell
division is confined to the basal and epi-basaktayof the mucosa. The IPL is
hypothesised to be lined with infrequently dividisgm celld Cell division at the
IPL can have two possible outcomes. Firstly cellsion can result in the production
of a migratory daughter cell and a replacement atlthe basement layer. The
migratory daughter cell enters the epi-basal legyet undergoes several rounds of
cell division on its path to the luminal surfaceef@e reaching the surface, this
daughter cell undergoes terminal squamous diffeagomn. Alternatively, cells from
the IPL can produce two daughter cells that remaithe basement membrane. This
option occurs with less frequency but is thoughtréplenish cells on the PBL,
pushing cells sideways along the basal surfé€mure 1.2B). The division of cells
lining the PBL contributes to maintaining an oesagmal epithelium and these cells

divide at a rate 4 times faster than cells lining IPL*.



Figure 1.2: (A) Shows an H&E stain of a section of the oesgpisa SSE marks the
stratified squamous epithelium consisting of fulifferentiated squamous cells that
is continually invaginated by papillae. LP marke thmina propria and MM marks
the muscularis mucosa. (B) Represents the differegitular layers of the
oesophageal epithelium. Yellow marks the differztetil cell layer, consisting of
fully differentiated squamous cells. Grey, markg tlegenerative epi-basal zone,
cells from this region undergo squamous differg¢itraand renew the oesophageal
epithelium. The green papillary basal layer (PBhgl aed intra-papillary basal layer
(IBL) are thought to be oesophageal stem cells dinatle to either replenish cell

numbers in the epi-basal layer or increase cellbemnat the basal layer.

e R R0OODRe®
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(Reproductions from: Pistorio 208 Beery J, 20(

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

1.2.1 Gastroesophageal reflux disease

Gastroesophageal reflux disease is a chronic dondaffecting up to 50% of
Western populatiods with 30% suffering from at least one reflux episoper
montHf. Chronic gastroesophageal reflux disease results €ontinual oesophageal
exposure to excessive quantities of gastric (aandlor duodenal (bile) contents and
generally occurs due to transient relaxation of libwer oesophageal sphincter
While intestinal physiology offers protection froatid and bile, the oesophageal



lumen remains largely unprotected from reflux dsiéks a viscous adherent mucous
barrief. Intracellular production and blood vessel mediaitgtercellular supply of

bicarbonate acts to buffer temporary acidsi¢Figure 1.3), however, these
mechanisms fail to cope with continual reflux expes and as a result the

oesophageal epithelium becomes damaged.

Figure 1.3: Hydrogen ions from noxious acidic content mustgteate through three
defensive layers. Firstly, the pre-epithelial defenmechanism involves mucous
secretion attempting to block or reduce exposureemthelial cells to damaging
acidic content. Secondly, epithelial defence ineshan intracellular bicarbonate
buffering system to combat acidosis where carboride and water react to produce
bicarbonate ions; these ions take up free hydraoges and increase pH. Thirdly,
once the noxious acid penetrates the epitheliamef it breaks down tight junctions
and then penetrates deeper into the oesophaguse wiast-epithelial defence
mechanisms release bicarbonate ions from the dtredm to assist in the uptake of

free hydrogen ions.
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Oesophageal damage caused by reflux exposure amtivg fronts. Firstly, there is

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



layer of the oesophagtts Neutrophil infiltration then follows some timetef. The
initial inflammatory response is thought to sigegtokine release from squamous
cells in the oesophageal mucosa attracting immugiks, cleading to epithelial
damagé'. Secondly, at the luminal surface, refluxate expescauses squamous
cells to slough from the epithelium, as well astigunction destruction, allowing
noxious contents to penetrate deeper into the desmal epitheliuff ** Both the
acid and bile components of reflux likely play deran gastroesophageal reflux
disease pathogenesis and progression to otherlpgig®®. Gastric acid exposure
alone is linked with neoplastic development agd#dks to intracellular acidification,
DNA hydrolysis and genomic instabilifyy *°> Bile constituents are also linked with
neoplastic development as they can induce celpraliferation'®, a major hallmark
of chronic gastroesophageal reflux diséaskcreased cellular proliferation in the
oesophageal epithelium is observed as basal cplrpiasia® and this occurs to
replenish the oesophageal epithelium. Bile coresitsi can also induce reactive
oxygen species production, a process significamtaliee of its association with
increased DNA damage and therefore increased paitdéot cancer developmehit
9 Increased apoptosis is also observed in gaspbeseal reflux disease and is
likely caused by the increase in both genomic lnibtg and DNA damage caused by
acid and bil&.

Clinically, reflux induced, epithelial cell damag®esents macroscopically as an
ulcerated oesophageal mucosa. In most cases @deraticosae can heal via
replacement with additional squamous cells. In soo@ses, more serious
complications such as Barrett's oesophagus or degmal adenocarcinoma can

arise.

1.2.2 Defining Barrett’'s oesophagus

Barrett’'s oesophagus is characterised by the repiaat of the normal, stratified
squamous, oesophageal epithelium with a metaplastiomnar epithelium (Figure
1.4). The development of Barrett’'s oesophagus scriteed as metaplastic, as it
involves the reversible replacement of one difféetad cell type with another

differentiated cell type. Histological featureslumbe a glandular phenotype with the



presence of mucin secreting goblet cells (Figur&).1Barrett's oesophagus
metaplasia is probably an adaptive response toirtbelt from exposure of the
oesophageal epithelium to gastric acid and/or dualdbile salts’. The Barrett's
oesophagus epithelium possesses secretory andpabsocell types, and these
closely resemble those found in normal gastriciatestinal epitheli& > However,
the epithelium of Barrett's oesophagus has a mtdequrofile that distinguishes it
from oesophageal, gastric and duodenal epitffeliihe gastric and intestinal
features of Barrett’'s oesophagus likely allow tiptheslium to resist noxious acid
and bile exposure better than the normal oesophagitheliunt 2> For example,
the Barrett's epithelium secretes heavily glycosda gel forming proteins called
mucins that form a major component of a continupigtective mucous lay&r %
The Barrett’s epithelium also produces proteinsugid to provide improved reflux
resistance by increasing early stage mucosal lgeaimd repair capabilities and
decreasing reflux permeability through alternatdaramellular matrix and tight
junction formatioA™ 2> Also, patients with Barrett's oesophagus usudibve
diminished reflux symptomi& However, Barrett's oesophagus is not completely
resistant to acid and bile induced DNA damage ksdid acid exposure has been
shown to increase DNA damage in Barrett’'s oesophdgopsies and cells through

increased intracellular acidification and reactivgrgen species productith



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

the metaplastic Barrett's oesophagus epitheliumy Klkeanges to differentiation
features compared with (a) include the presen@eaaflumnar phenotype with goblet
cells (intestinal metaplasia). There is also a mdrkncrease in the number of

inflammatory cells.

a MNormal squamous cesophageal epithelium b Metaplastic Barrett's cesophagus
Luminal surface

(Reproduced from: Wild & Hardie, 2083



Figure 1.5: Depicts a H&E stain of a section of Barrett’'s qasmgus. Mucous
secreting, columnar cells as well as intestinallgobells are present. The lamina

propria is circled to highlight the dense infilgatf inflammatory cells.
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1.2.3 Models for the Pathogenesis of Barrett's oesophagus

Current Hypotheses

The origin of the characteristic columnar epithediwith intestinal metaplasia of
Barrett's oesophagus is unknown. Barrett's oesophagps initially hypothesised to
form when columnar cells from the proximal stomacigrated into the oesophagus
to repair the reflux-damaged, oesophageal epitméfiuThis hypothesis is no longer
supported; firstly, it does not account for theganece of intestinal metaplasia (goblet
cells), and secondly, studies show cases wherBahett's oesophagus epithelium is
not connected to the gastroesophageal juntticBurrently, there are two main
hypotheses for the formation of Barrett’'s oesoplsadine first hypothesis involves
trans-differentiation of mature squamous, oesopalacgls into columnar cells. The
second hypothesis involves altered differentiatidnoesophageal stem céfls®
with alternate differentiation driven either by lte exposure or, stromal based
signals directing oesophageal stem cells towartlsvowar, epithelial differentiation

and/or intestinal metapladtZ® In addition to these two main hypotheses, thsre i



some very preliminary evidence to suggest thatnstfo cells may undergo
mesenchymal to epithelial transition, followed bffedentiation to a columnar cell

phenotype in the oesophadtid*

Hypothesis 1: Barrett’'s oesophagus developmentngalifferentiation of

mature squamous cells into columnar cells with istanal metaplasia

Trans-differentiation involves a change from ontedentiated cell type to another,
occurring as metaplasia, resulting in a changelhfate or a switch in phenotype

Support for the trans-differentiation hypothesisr fBarrett's oesophagus
development considers how the normal oesophaguslafes/and how a reversal of
this developmental mechanism may allow for the @gdmesis of Barrett's

oesophagus.

The oesophagus begins to form during week fournolbrgonic development, with
the formation of the foregtft However, it is not until week five that the forggan
be visually divided into oesophagus, stomach ar@tiénuni’. Development of the
oesophageal lumen begins in developmental weekensend eight, when the
epithelium begins to proliferate. By week ten thmén is enclosed and lined with a
ciliated columnar epitheliuff *® *? It is not until the fourth month of gestation tlaa
columnar-squamous transition is observed as thetaxl columnar epithelium begins
to be replaced by a squamous epithelium. This ittansdoes not remove all
columnar cells, residual islands of columnar epigheemain, and these give rise to

oesophageal glantfs

The columnar-squamous transition that occurs in deeeloping oesophagus is
thought to arise via a trans-differentiation eveas, it is not dependent on cell
division. In addition, some epithelial cells exgdsoth squamous and columnar
markers during the transition perfd Although these two criteria are not
requirements for trans-differentiation, they do gest that the epithelium is not
being replaced with new epigenetically distinct Iceland highlight the

interchangeable differentiation profile of oesopealgells.



Hypothesis 1 suggests that a reversal of normasomieageal developmental
mechanisms may occur in the formation of Barratesophagus. In this scenario, a
squamous-columnar transition would be observedlibgato the development of a
columnar epithelium with intestinal metaplasia e tsquamous lined oesophagus
(Figure 1.6). Recent studies support trans-difféation, showing that exposure of
oesophageal organ cultures to retinoic acid leawscdlumnar differentiation
independent of cell proliferatiéh Retinoic acid is a powerful differentiation agent
and it is interesting that nuclear retinoic acidegtors can be actively bound by a
component of bile called lithocholic aéld This points to a possible reflux
associated, bile acid induced mechanism for traffigreintiation of squamous to

columnar cells, as occurs in Barrett’'s oesophagweldpment.

Figure 1.6: Hypothesis one; trans-differentiation of post rtanature, squamous
cells. Normal squamous cells of the oesophageal epitheliuriine presence of a
reflux mediated stimulus transdifferentiate fromsg@uamous cell phenotype to a
columnar cell phenotype. This trans-differentiatewent leads to the development of

a columnar cell population inside the normal popataof squamous cells.
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Hypothesis 2: Barrett’s oesophagus developmenteaiate differentiation of

oesophageal stem cells

The hypothesis of altered stem cell differentiativing rise to Barrett's oesophagus
concerns undifferentiated stem cells located irhegitthe basal layer of the
oesophageal mucosal epithelium or in oesophagdsimsicosal glands . It is
hypothesized that stem cells of the oesophaged#iadipim, in response to specific
direct or indirect stimuli have the ability to defientiate into either squamous or
columnar/intestinal phenotypes, with a squamoutemintiation program occurring
in the oesophagus, under normal conditions (Figum. Stimuli hypothesised to
direct stem cell differentiation from a squamous,a columnar phenotype with
intestinal metaplasia vary. However, as gastroemggdl reflux disease is the
underlying precursor pathology associated with tlevelopment of a columnar
epithelium with intestinal metaplasia (Barrett'ssophagus), it is likely that this
pathology provides the stimuli to drive columnaffehentiation and intestinal
metaplasia in the oesophagus.

Prolonged reflux exposure can lead to epitheligirin and the development of
erosive oesophagitis. Studies show this reflux oedu epithelial injury allows
damaging refluxate to penetrate deep into the desnEs exposing basal and sub-
mucosal gland stem celfs As reflux exposure to the oesophageal epithelhas
been shown to increase the expression of a nunilgenes known to direct gastric
and intestinal differentiation (See key genes inr@#s pathogenesis, discussed
below) gastroesophageal reflux exposure to oes@athegjem cells could directly
stimulate alternate differentiation of these steaiisg leading to the development of a
columnar cell with intestinal metaplasia in the amous oesophageal epithelium.
Alternativley, recent evidence suggests that refhduced epithelial damage might
make way for the colonisation of the basal layer regidual embryonic cell

populations capable of differentiating into metafiacolumnar celf§.

Also, preliminary evidence suggests that signalsiray from the stroma of the
oesophageal epithelium could act on oesophagea séfls to promote columnar
and intestinal differentiation. For example, refleads to the development of a pro-

inflammatory or ‘reactive stroma’ where increasesytokines and other regulatory



signals implicated in gastric and/or intestinafeliéntiation could assist in directing
the columnar differentiation of oesophageal stefts.cEor example, acid and bile
has been shown to increase stromal bone morphogeotiein 4 BMP4) expression

in vivo (See discussion oBMP4 below), with this increased strom&MP4
expression directing intestinal type changes in thesophageal epithelitifn
Although there is preliminary evidence that strorsiginals may have a role to play
In initiating a columnar/ intestinal phenotype imetoesophagus there is no direct
evidence showing stromal signals acting on oesagdiagiem cells.

Figure 1.7: Hypothesis 2; alternate differentiation of oesay@a stem cells. Normal
differentiation mechanisms are altered due to refhediated stimuli resulting in a
change in the progenitor cell differentiation pleffrom a squamous to a columnar

phenotype.
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For now, the debate over whether Barrett's oesophagrises from fully
differentiated squamous cells or undifferentiatezirscells continues. Similar to the
cell of origin, the genetic mechanisms that drite tpathogenesis of Barrett's

oesophagus are unknown.

1.2.4 Key genes in Barrett's Pathogenesis

Candidate genes thought to play crucial roles ia tevelopment of Barrett's
oesophagus include caudal type homeoboZ2X2), HNF1 homeobox AKINF13),
BMP4, nuclear factor kappa-bet&FKB), and GATA binding protein 4GATAY.
All of these genes are induced in Barrett's oesgpbacompared with normal
squamous epitheft&*® However, it appears individual changes in theression of
these genes is not sufficient to drive the develemmof Barrett’'s oesophagus,
suggesting a multi-step differentiation prodés¥ Although there are many studies
linking these genes with gastric and intestinal ellggment their mechanistic

involvement in the development of Barrett's oes@plsaremains speculative.

Studies in developmental biology highlight the intpace ofCDX2, HNFlaand
GATA4in the development of Barrett's oesophadiBX2, HNFlaandGATA4are

all transcription factors that localise to the mud and control the expression of
numerous gastric and intestinal specific genes.résgion ofCDX2 is crucial for
normal intestinal developmentCDX2 null mice are embryonic lethal and
heterozygous£DX2 mice develop intestinal polyps containing squamgastric and
parietal cell mixture® °° HNF1lais required for normal gastric development as
knockout mice show defective gastric differentiatio GATA4is important for both
gastric and intestinal developm&nt® Recent evidence suggests that these
transcription factors work cooperatively in indugimtestinal differentiation, with
CDX2andHNF1lathought to induce genes required for intestinedentiation and
GATA4thought to induce morphological chantfesn a study by Benoit et &f.an
undifferentiated human intestinal crypt cell lineasv used. Individual ectopic
expression o€DX2 or HNFlawas shown to reduce cell proliferation throughlicyc
D1 and p27 and induce expression of the late stegestinal enterocyte

differentiation marker sucrase-isomalt®sé\lso, ectopic expression ¢fNFlaand



GATA4induced cell polarisation and microvilli formatiomhese studies highlight
that different features of fully differentiated @stinal epithelial cells are induced by
different combinations of transcription factorsdathat individual changes to these
transcription factors is not sufficient for comm@entestinal differentiation. This is in
keeping with the multiple genetic changes hyposessito be required for the

development of Barrett’'s oesophagus.

Direct or indirect responses to reflux have theligbto induce the expression of
CDX2 andGATA4 while studies have not addressed the impactfhixren HNFla
induction. Direct receptor interaction of the bienstituent lithocholic acid with
retinoic acid receptor XRARX leads to the transcription @DX2"2. Also, indirect
gene induction in response to reflux could occooulghNFKB or BMP4 NFKBis a
transcription factor that can indu@DX2 expressiorf andBMP4is a growth factor
that can induceGATA4 and CDX2 expressiort>® Both NFKB and BMP4 are
expressed as a result of the pro-inflammatory ptygeothat develops in response to

continual reflux exposuré

Taken together these studies support a hypothetiodkel where the oesophagus, in
response to gastroesophageal reflux may initiatenlammatory response where
BMP4 and NFKB expression levels are elevated. Chemical compsnehteflux
and/or bile,BMP4, NFKB and other reflux induced genes could then acthen t
Barrett’s cell of origin to increase the levels@DX2 GATA4andHNF1a Increased
CDX2, GATAdandHNF1lalevels could then act cooperatively to initiatéestinal
and gastric differentiation and drive morphologiceahange leading to the

development of a columnar phenotype with intestmetaplasia.

1.2.5 Barrett’'s oesophagus and oesophageal adenocarcinoma

The metaplasia to Barrett's oesophagus may be méflheén resisting damage from
reflux. However, the molecular profile of the Bati® oesophagus epithelium is
considered premalignant as it can progress thraaghing grades of dysplasia to

oesophageal adenocarcinoma.



Dysplasia in Barrett's oesophagus is categorisedeitser low or high-grade
dysplasia. A low grade dysplasia diagnosis genemtiludes the atypical presence
of enlarged, crowded, hyperchromatic, stratified¢lauas well as increased atypical
mitosis and nucleof™ ®?(Table 1.1). Dysplastic cells can also show reduoeicin
levels and goblet cell numbers as well as an iseauclear to cytoplasmic ratio
(Table 1.1). Progression to a diagnosis of higldgraysplasia or non-invasive
adenocarcinoma generally results from a markedeas® in the prevalence of
abnormalities described above. Also, an increas®adhitectural complexity such as
marked crowding of crypts, crypt budding or crypatching is seen in high-grade
dysplasi&® (Table 1.1).

Table 1.1: Cytological and architectural hallmarks of dyspdasn Barrett's

oesophagus.

Feature low Grade High Grade

Cytology
1 N/C ratio + ++
Loss of cell polarity — +
Mitosis + ++
Atypical mitosis +/— +
Full-thickness nuclear stratification — -
Decreased goblet cells (+/— dystrophic) + —
Hyperchromasia + -
Multiple nucleoli +/— +/—
Large irregular (prominent) nucleoli = +/—
Irregular nuclear contour + —+
Nuclear pleomorphism = +

Architecture
Villiform change ~ +/—
Crypt budding/branching +/— —
Crowded (back-to-back) crypts +/— —
Irregular crypt shapes +/— +
Intraluminal papilla/ridges — +/—
Lamina propria between glands + +/—

N/C, nuclear/cytoplasmic ratio; —, absent; +/—, may be present;
+, usually present.

(Reproduced from: Odze, RD 2096



Due to the large number of characteristics thatcamsidered for the diagnosis of
dysplasia there is a significant amount of varigbilin diagnosis amongst
pathologist® ® This is particularly true for diagnosing and difntiating low
grade dysplasia from tissue regeneration in Basrefpitheliunf® ® In order to
reduce the variability seen amongst pathologistieceve tissue biomarkers are
required to assist in confirming a diagnosis. Sq@mdiminary evidence suggests that
miR-196a may be an effective classifier of low ahigh-grade dysplasia in
Barrett's oesophagus, however further work is reggito conclusively prove this.

The cancer risk associated with Barrett's oesophamd dysplasia has lead to the
development of different treatment regifffesAs acid reflux is thought to play a
major role in the development of oesophageal adenomma treatment, regimes
generally prioritise the control of reflux using dieation or anti-reflux surgefy.
Treatment offered for Barrett’'s oesophagus and gprade dysplasia can include
either endoscopic surveillance with mucosal biopsyablation of the columnar
mucosa to allow the regeneration of a new ‘neossmuss’ epitheliuff®. Many
forms of ablation are available but all share ailsintoncept, releasing a controlled,
high energy emission to destroy the columnar ligpithelium in the oesophadfis
Treatment offered for high-grade dysplasia canudel 1) ablation, 2) endoscopic
mucosal resection, where an endoscope attachmesedsto excise regions thought
to be neoplastic or 3) oesophagectomy, where thieeameoplastic segment of the
oesophagus is removed and a remaining, healthypbagas is joined to the
stomacf’. The management of Barrett's oesophagus and dyapia heavily
debated. This debate stems from the varied cosl lef invasiveness associated
with each treatment, treatment prognosis and caafins as well as risk for future
development of high-grade dysplasia or adenocami#fd °® © While the
management of Barrett's oesophagus is debated, rigle for oesophageal
adenocarcinoma development means there is greatesttin understanding the
mechanisms driving progression of Barrett's oesgpka to oesophageal

adenocarcinoma.

Oesophageal adenocarcinoma is a malignancy witlereety poor prognosis. The
five-year mortality rate of this cancer exceeds 80% The poor prognosis of

oesophageal adenocarcinoma can be attributed tooitsnon diagnosis as a late



stage metastatic tumour. The lack of patient sympt@and appropriate diagnostic
markers probably contribute to the high mortaligter Furthermore, an alarming
trend is emerging with an increase in the prevaarfooesophageal adenocarcinoma
being observed in Western countffes® Studies show the rate of increase in
oesophageal adenocarcinoma diagnosis is exceduangf all other solid tumours
(Figure 1.8)%. While the number of oesophageal adenocarcinotygiisy diagnosed

is still significantly lower than more frequentlyagnosed cancers, such as colon and
breast cancer, it is clear that increased oesopthagienocarcinoma incidence will

be placing additional pressure on the health ot in the future.

Figure 1.8: The rate of oesophageal adenocarcinoma diagnosigiieasing faster
than that of any other solid tumour.
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Interestingly, with early diagnosis five-year swal rates for oesophageal
adenocarcinoma exceed 90% thus highlighting theortapce of early detection
mechanismS. The only identifiable pre-cursor to oesophagedgrmcarcinoma is
Barrett’'s oesophagus. Therefore, Barrett's oesophdgs been under the spotlight,
with researchers looking to this precursor legiondentify either the mechanisms

driving adenocarcinoma development or potentiatizkers for early diagnosis.

However, the rate of progression from Barrett's aqueggus to oesophageal

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



Barrett's oesophagus identified a cumulative ril0.d% per annuff, while, a UK

based, longitudinal study identified an overallkrief 4.1%".

Furthermore, an
increased risk of Barrett’'s oesophagus progresgingdenocarcinoma is asscoiated
with males, individuals with uncontrolled gastropsageal reflux disease, and
individuals who are obese or smoK&rs However, not all oesophageal
adenocarcinoma patients are diagnosed with Barei'sophagus. Regardless of
these statistics, great interest surrounds theifcetion of early molecular changes
that contribute to the pathogenesis of Barrett'sopbagus, as these may present
opportunities for therapeutic development, or ndrategies for the prevention or
early diagnosis of oesophageal adenocarcinoma. iiglgt also be useful for risk
stratification and therefore decision making onigydt surveillance. Of particular
interest is a class of molecules known as microRN&&l the potential roles they
may play in the development of Barrett’'s oesophagus adenocarcinoma. miRNAs
are ~22 nucleotide long, non-coding segments of RN& act to regulate gene

expressioft.

1.3 MicroRNAs

Since the initial discovery of miRNAs in Caenorhdisd elegans in 1993 an
enormous body of research has been published,datiplg miRNAs in almost every
cellular process investigat€d® These small RNA molecules use complementary
base pairing to target and inhibit expression ekt gene®’. Each miRNA has the
ability to repress the expression of numerous ganestherefore miRNAs are often
referred to as master regulators of gene netWarksvestigation of mMIRNA
involvement in the regulation of cellular processes well as differentiation,
highlights the importance of these molecules inntaning normal cellular function
with loss of expression leading to abnormal regotabf cellular processes, poor

differentiation or neoplastic developm&nt



1.3.1 Mammalian miRNA biogenesis

The nucleus

miRNAs are within non-coding RNA, or within introref protein coding gené$
MiRNA biogenesis begins with primary miRNAs (prifRs, inactive form), which
are either transcribed by RNA polymerase Il or Rpilymerase llI, or excised from
portions of intronic sequence contained in preaunsBNA molecule¥"® Pri-miRs
are processed in the nucleus by Drosha, an RNas&ilime that complexes with the
RNA binding domain protein DGCRS to cleave out al6@0nt hairpin section from
the pri-miR sequence (pre-mi) 8’ Pre-miR hairpins then complex with exportin-5
and Ran-GTP for export from the nucleus to the migsnf* 8% &

The cytoplasm

In the cytoplasm, the RNaselll enzyme Dicer, in rdowtion with the trans-
activation-responsive RNA-binding protein (TRBPgates the pre-miR hairpin to
produce a 22nt double stranded complex, compridetheo mature miRNA guide
strand and a miRNA* passenger st#ntf. The mature miRNA strand is determined
by thermodynamic asymmetry and this concept actsaliow cytoplasmic
accumulation of only the mature miRNA guide strinth short, the asymmetry rule
states that the 5’ end of the mature miRNA guidanst is located at the end of the
duplex that has the lowest thermodynamic en@rgfhe miRNA guide strand
complexes with miRNA-containing ribonucleo-protearticles (miRNPs) forming
an RNA induced silencing complex (RISC), while theessenger strand is usually
degraded. At the core of miRNPs are the highly conservagbaaute proteins. Here
a single mature miRNA guide strand complexes withaegonaute proteii There
are four different human argonaute proteins (Argmeal-4), however only
argonaute 2 has the ability to cleave mRNA with'sticer’ activity®>. Although the
selection criteria for miRNA-argonaute pairing iskmown recent deep sequencing
suggests that most miRNAs associate with Argondls#® in relatively even
quantitie€*. Following assembly of the miRNP, the miRNA disedargeting of
mRNA transcripts through base pairing, acting tpress translatidi. Mammalian
mMIiRNA biogenesis is summarised in Figure 1.9.



Figure 1.9: Shows the basic stages of miRNA biogenesis. Biegjsrbegins in the
nucleus where pri-miRNAs are transcribed. Pri-miRNt#en fold and are cleaved
by DROSHA to form a stem loop pre-miR. The pre-miRBXits the nucleus and
enters the cytoplasm via exportin 5. The pre-miRNArocessed in the cytoplasm
by DICER producing a double stranded molecule. Traure RNA strand then
complexes with miRNPs to produce a RISC complex fisk complex then targets

MRNA transcripts to inhibit translation.
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mMiRNA targeting

Mammalian miRNAs target mRNA transcripts for tratgnal repression based on
their seed sequence. The seed sequence of a miRiilAleés nucleotides 2-8 at the
5" end®. Complementarity between the miRNA seed sequenderegions of the
MRNA transcript’s non-coding 3’ untranslated regmrcoding 5’ region is required
for translational repressi6h The extent of the seed sequence-target
complementarity determines the mechanism of tréoslal repression. Perfect

complementarity inhibits translation by directimgriscript cleavage, an event more



common in plants than in mamm#ls® Imperfect complementarity is thought to
direct translational inhibition by blocking access translational machinery or
directing the target mRNA to cytoplasmic processibhgdies where mRNA
degradation occurs via de-adenylation and de-cappiti' *® Both the degradation
and direct translational inhibition mechanisms cause detectable decreases in

mRNA levels and act to repress protein letfls

1.3.2 Regulation of miRNA expression

MIiRNA expression needs to be tightly regulated lasrrant expression leads to
dysfunctional control of cellular processes. Foareple, by knocking out Drosha or
Dicer functionality, increased invasive capacitylsserved in lung adenocarcinoma
cells'® and increased tumour development is observed wKaras2 Kirsten rat
sarcoma viral oncogen&KRAS induced model of lung cancé? Several studies
have investigated the regulatory processes invalvedaintaining tight regulation of
mMiRNA biogenesis and these studies show reguladiomiRNA biogenesis can

occur through a number of mechani€ts

mMiRNAs are transcribed from genomic DNA by the samechanism as protein
coding genes. Therefore, standard mechanisms geegiic control that apply to
mRNA transcription likely apply to miRNA transcriph®™. For example, numerous
MiRNAs have been shown to be repressed by metbglamnd this has been linked to
cancer metastasfs. Further, histone de-acetylase inhibition has bskawn to

induce miRNA expressidff’.

Control of miRNA biogenesis can be regulated inrtheleus as Drosha activity can
be regulated by a number of mechanisms. For exartidedead-box RNA helicases
p68andp72in cooperation with signal transducing Smad pratdiave the ability to
promote Drosha processing of specific miRRAE> Also, proteins have the ability
to bind Drosha and increase miRNA abundance byasing Drosha activity. For
example the transcription factor p53 has the gbiiit bind Drosha and increase
Drosha processirf. Interestingly,p53 expression is induced in response to DNA

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



increased mature miRNA expression. Algh3 dysfunction has been shown to
increase tumourigenesis through repression of miRdxXpressiotf®. Mutations in
p53 have been described in Barrett's oesophagus awbsophageal
adenocarcinomd’, however, it is not known if these mutations impao miRNA
biogenesis in these pathologies. Furthermore, xpeession of Drosha requires tight
regulation, as evidenced by the correlation betwiaereased expression of Drosha

with poor prognosis in oesophageal adenocarcinaatiamqis®.

Regulation of Dicer activity and expression caroatfluence miRNA activity. For
example mature levels of miR-143 and miR-145 amadsed in tumour tissues but
pre-miR-143 and pre-miR-145 levels are unchangedicating dysfunctional
processing by Dicé? ! Aberrant regulation of Dicer expression is linkeith
increased tumorigenesis. Reduced Dicer expressiavbserved in small-cell-lung
cancer, correlating with poor patient progndisAlso, reduced Dicer expression
enhances cell proliferation and invasion inianvivo xenograph model of breast

cancet®®

1.3.3 miRNAs and cancer development

Aberrant miRNA expression has been linked with degelopment and progression
of almost all cancers studied to date. Throughube of miIRNA array technology
rapid advances in global miRNA profiling have magpg and down-regulation of
miRNAs in many tumours®. Key hallmarks of cancer include unrestricted gtow
apoptotic resistance and immortalization, as welthee development of angiogenic,
migratory and invasive capabilfy Functional assessment of aberrant miRNA
expression has implicated these molecules in régglahese key hallmarks of
cancet®*" Early miRNA studies identified miRNAs acting asth oncogenes (eg.
miR-17-92 cluster) and tumour suppressors (eg)ef#° Forced expression of the
mMiR-17-92 cluster in mice leads to the accelerate/elopment of B-cell
lymphomd*®. Also, the miR-17-92 cluster is over expressetliiig cancer, and this
is associated with an increase in cellular prodifiert'® ?! Let-7 acts as a tumour
suppressor through suppression of ®as® In lung cancer decreased let-7

expression results in increased cellular proliferdt’. Also, increased let-7



expressiorin vivo has been shown to inhibit lung cancer xenografevtn in micé?>
More recent evidence shows aberrant miRNA exprassian promote cancer
development through numerous cellular processes. eékample the miR-17-92
polycistron paralogue, the miR-106b-25 polycistragts as an oncogene in
oesophageal adenocarcinoma. Increased expressibis @iolycistronn vitro causes
increased proliferative capacity, apoptotic resiseaand promotion of cell cycle
progressiofn™. In addition, miR-200a, one of the five miRNA meenb of the miR-
200 family has a validated role in regulating tipéteelial to mesenchymal transition,
a key process in tumour invasion and acts as auusuppressor in nasopharyngeal
carcinoma with decreased expression leading teasas in cell growth, migration
and invasiof>. At the beginning of this doctoral study there veo reports of the
functional roles of miRNAs in oesophageal adenanarna. Given, the increasing
evidence implicating miRNA in cancer developmertere are a number of
interesting questions regarding the role of miRNA®esophageal adenocarcinoma

development and progression.

1.3.4 miRNAs as biomarkers

Biomarkers have the ability to classify specifiolbgical states. The uses for
biomarkers are quite broad as they can classifyryéiviag from response, to
treatment regimes, to specific tissue phenotypedismase states. A good biomarker
should show strong, stable expression in the grbalassifies, it should be easy to
detect and its level of expression needs to betdisdme. Expression of miRNAs
satisfy all of these criteria and therefore thesdetules are presenting as promising
candidates for classifying a number of differerdstie phenotypes and disease
pathologies. Interestingly, miRNA profiling can hesed to effectively classify
different tumour types where mRNA profiling hadléaf-**. This study by Lu et al.
2005%* showed that while miRNA expression profiling able used to classify
poorly differentiated breast, colon, lung and ovawnours, mMRNA expression
profiling was unsuccessful. 2-4% of cancer diageoaee unable to identify the
cellular origin of the tumodf>. Accordingly, this study* highlights the potential of
miRNA biomarkers in providing additional diagnosteertainty by assisting in

confirming the tumours tissue of origin.



MIiRNA expression is often enriched in particulasties and cell phenotypes. For
example, miR-1 is enriched in muséfeand miR-134 is expressed exclusively in the
brain®”. miRNAs have already proven to be useful biomarkésr tumour
classification as well as predicting patient progjisoand therapeutic respoffde
Advances in the ability to profile different aspecf tumourigenesis have led to the
rapid identification of differentially expressed RNAs in cancer®. Different
miRNA expression profiles are observed for normatl aumourigenic tissué¥,
where miRNA expression is generally down-regulatedumour compared with
normal samplé€$® Studies into miRNA expression in cancer have tified miRNA

tumour profiles which can be used to classify défe tumour subtypég" *2°

some
of which are now commercially available for usecénical diagnostics. Studies
have also constructed miRNA expression profiles tam identify tumour origitt

This is particularly useful in the classificatiohpmorly differentiated tumours.

There is promise for the clinical implementation miRNA biomarkers in reflux
pathology, Barrett's oesophagus and oesophagealoedecinoma diagnosis. By
identifying changes in miRNA expression we may h#we ability to use miRNA
expression patterns to assist in diagnosis and npgig prediction in upper
gastrointestinal pathologi&é: 13!

1.3.5 miRNA target prediction

While the involvement of miRNAs in translationalgrgation has been studied
extensively few mRNA targets of miRNAs have beeldated experimentally. This
is likely because of the lengthy target validatimoces$®™. In order to increase the
throughput speed for miRNA target validation numertarget prediction algorithms
have been established, predicting miRNA:mRNA irtBoems. These prediction
algorithms take into account a number of critieduirements for miRNA targeting,
and weight these features in order of importantés benerally accepted that the
most important requirement for translational repras is sequence complementarity
between the miRNA 7-8 nucleotide seed region amd iRNA transcrigt> 3
Most commonly used prediction programs incorporatker features into their



prediction algorithms. For example, accounting fewolutionary sequence
conservation has been shown to provide marked i@pnent in an algorithm’s
predictive power, while the location and numbetted miRNA target binding sites
in the 3'UTR, 5’ UTR and coding region is also imamt-** **> Also, incorporating
mMiRNA accessibility due to mRNA folding and negaticorrelations between
mMiRNA and mRNA abundance into prediction algorithimsve been shown to
improve target prediction efficat?*> In addition, high throughput sequencing of
RNAs being isolated following immuno-precipitatiai RISC complexes (HITS-
CLIP)**® is now being combined with prediction algorithrasreduce false positive
rates. A recent review by Bart& gives an overview of the key features of some
commonly used prediction algorithms (Figure 1.16)esting TargetScan as the
prediction algorithm of choice due to its requiremhéor stringent seed sequence

pairing and seed sequence accessibility followingARolding post transcription.



Figure 1.10: Comparison of commonly used prediction algorithersl the key

features accounted for in predicting miRNA:mRNAeiractions.

Table 1. Tools for Predicting Metazoan miARNA Targets

Toaol® Cilades®  Criteria for Prediction and Ranking Website URL Recent Reference

Site Conservation Considered

TargetScan m Stringent seed pairing, site number, site type, site  http://targetscan.org Friedman et al., 2008
context {which includes factors that influence site
accessibility), option of ranking by likelihood of
preferential conservation rather than site context

TargetScan fw Stringent seed pairing, site number, site type http://targetscan.org Ruby et 'al., 2007; Ruby et
al., 2006
EMBL f Stringent seed pairing, site number, overall pre- http://russall.embl-heidalberg.de Stark et al., 2005
dicted pairing stabllity
PicTar m.fw Stringent seed pairing for at least one of the sites  httpy//pictar. mde-bertin.de Lall et al., 2006

for the miRNA, site number, overall predicted
pairing stability

EliMMo m,fw Stringent seed pairing, site number, likelihood of  httpi/www.mirz.unibas.ch/EIMMo2  Gaidatzis et al., 2007
preferential conservation

Miranda mfw+  Moderately stringent seed pairing, site number, httpe/fwww.micrarna.org Betel et al., 2008
pairing to most of the miRNA

miRBase Targets mfws+  Moderatsly stringent seed pairing. site number, http://microrna.sanger.sc.uk Griffiths-Jones &t al.,
averall pairing 2008

PITA Top m.fw Moderately stringent seed pairing, site number, http://genie.weizmann.ac.il/pubs/  Kertesz etal., 2007
overall predicted palring stability, predicted site mird7/mir07_data. himl
accessibility

mirWIP w Maoderately stringent seed pairing, site number,  httpi//146.188.76.1 7 1/query Hammell et al., 2008
overall predicted pairing stebility, predicted site
accessibility

Site Conservation Not Considered

TargetSean m Stringent seed pairing, site number, site type, site  httpi/targetscan.omg Grimson et al., 2007
context (which includes factors that influence site
accessibility)

PITA All m,fw Moderately stringent seed pairing, site number, http://genie.weizmann.ac.il/pubs/  Kertesz et al,, 2007
overall predicted pairing stability, predicted site  mirD7/mir07_data.htm|
accessibility

RMAZ2 m.fw Maderately stringent seed pairing, matches to http://cbesrv.watson.ibm.com/ Miranda et al., 2006
seguence patterns generated from miRNA sat, rna22.htmi
averall predicted pairing and predicted pairing
stability

“Tools are listed according to criteria for prediction and ranking, which for those tools azsessad with recent proteomics results generslly correspond
ta their overall performance (Baek et al., 2008},
°Letters indicate predictions provided for the mammalian/vertebrate (mj, fly (f), worm (w), or additional (+) clades,

(Reproduced from: Bartel et. Hf)

As a result of the numerous factors that influemeBNA:mRNA interaction, target
prediction programs often provide conflicting rdsulA recent study by Alexiou et.
al.** compared experimental data of protein expressiange$®” after increasing
or decreasing miRNA levels with predicted targetsthe miRNAs of interest. The
study measured an algorithm’s precision, or abildyidentify the experimentally
validated targets of a miRNA, as well as measuresitieity as a function of the
number of false positive miRNA targets identifiethe study by Alexiou et. af°
found that five target prediction programs achiewaggbroximately 50% precision,
i.e. approximately 50% of the total number of potell targets matched the
experimentally determined targets (Figure 1.11)esSEhprediction programs included
DIANA-microT 3.0, TargetScan 5.0, TargetScanS, &i&nd EIMMo. Of these 5

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



the highest sensitivity (ie 12% of the experimdgptaletermined targets were
predicted by TargetScan). Therefore, either DIANAcnoT 3.0 or TargetScan 5.0

present as the current search algorithms of choice.

Figure 1.11: When considering the top 5 miRNA target predictpsagrams, results
from TargetScan 5.0 give the highest sensitivityleviesults from DIANA microT
3.0 give the highest precision.

A 5% 56%
O precision M sensitivity
50% 48% 48% 45% 45% 4% 52 ge
1076 =| ] [ ]
40% DA
0
30% m W

6%
214% —I
4

10% Hr

n

g

243

v.ilid

#

ZZWNY h@
—
=
=

— h

(es00y)
o=
suesgisbue |

sseguiw

EpUE MW

(+1)paes

(+Z)pans

O EAVYNVIO
(ns)

O eAvNYIO

(+g)paes
a2
05 umesInEL h
hw

Reproduced from: Alexiou et. &



1.4 miRNAs and the reflux-Barrett’'s-adenocarcinoma segpce

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

adenocarcinoma  sequefite %140

Reflux pathology associated with
gastroesophageal reflux disease includes chronitammation, basal cell

hyperplasia and increased levels of apoptosis.

In Barrett’'s oesophagus the epithelium is hypetdamative, displays abnormal
crypt proliferation and is resistant to apoptb¥is*® Barrett's oesophagus
development is thought to require either transdsifigation or induction of alternate
oesophageal stem cell differentiation. Cellulargesses of interest in oesophageal
adenocarcinoma, like all cancers, include cell ifgdtion, apoptosis and invasion.
miRNAs have been shown to play roles in the biaabprocesses that are relevant
to the development of Barrett's oesophagus andeitglastic conversion. Therefore,
there is great scope for studying alterations iRNA expression along the reflux-
Barrett’'s oesophagus - oesophageal adenocarcin@attavay and exploring the

biological roles of mMiRNAs in this setting.

Prior to the start of this thesis a miRNA array wasried out, assessing global
MIiRNA expression in squamous oesophageal epithBkarett's oesophagus and
oesophageal adenocarcindia The array identified a number of differentially

expressed miRNAs and provided the preliminary datahis thesis.

1.5 Thesis aims

1) Determine and quantify differences in the miRNepression profile of
oesophageal squamous epithelium, Barrett's epitheli and oesophageal

adenocarcinoma.

2) Determine whether the miRNAs that are differalhti expressed in Barrett's
epithelium, compared to squamous epithelium are differentially expressed in
squamous epithelium from patients with oesophagiissed by gastroesophageal

reflux disease.



3) Assess the location of miRNAs differentially esgsed in gastroesophageal reflux
disease and use a cell line derived from oesophage@amous tissue (Het-1A) to
assess their ability to regulate cellular processgsalated in gastroesophageal reflux
disease i.e. apoptosis and proliferation

4) Identify tumour suppressor functions of miRNAsatt are down-regulated in
oesophageal adenocarcinoma by:
A) Assessing the location of miRNAs in Barretdesophagus, high-grade

dysplasia and oesophageal adenocarcinoma.

B) Assessing the effects on proliferation andppsis after increasing the
levels of mMIRNAs down regulated in oesophageal adartinoma in an oesophageal

adenocarcinoma cell line.

5) Investigate whether changes in miR-200 famiyression may contribute to
abnormal cellular processes in Barrett's oesophagusl/or epithelial to
mesenchymal transition in oesophageal adenocareiigm

A) Assessing the expression of the miR-200 famnilarrett’'s oesophagus.

B) Assessing the expression of the miR-200 fanaihd its transcription
factor targets zinc finger E-box binding homeobofZEB1) and zinc finger E-box

binding homeobox 2 (ZEB2) in oesophageal adenauainta.



Chapter 2

General Materials and Methods

2.1 Materials

2.1.1 General reagents

All chemicals, cell culture media and supplemengsenof analytical grade and were
used without further purification.

2.1.2 Buffers and Solutions

All general solutions and buffers were either pasdd direct from the manufacturer
or made up with double deionised MilliQ (MQ) waterthe required concentration.

All solutions and buffers used for PCR were cartifDNase and RNase free.

10X PBS

NacCl 80 g
KCI 29
NaHPQy, . 2H,0 18.059g
KH,PO, 244
MQ 1L
TBE buffer

NaOH 05¢
Tris Base 54 ¢
H3BOs 2759
EDTA 3.7¢9

MQ 1L



Cell Lysis Buffer for protein isolation
1M Trisma hydrochloride 10 ml

1% Tween 20 2 mi
5M NacCl 6 ml
100mM NaP,0Oy 20 ml
100mM NavQ 2ml
1:500 w/v NaN in H,O 400ul
MQ 114 ml

1 Protease inhibitor cocktail tablet (added frggtgche, 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 109
MQ 800 ml
Adjust to pH 8.3

MQtolL

1x Transfer Buffer for protein transfer from gel to PVDF membrane
Tris base 12.12 g

Glycine 57.6¢
MQ 3L
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-HCI pH 6.8 1mi
Glycerol 0.8 mi
10% SDS 1.6 ml
0.05% Bromophenol Blue 0.2 ml
2-3-Mercaptoethanol 0.4 ml

AnnexinV Binding Buffer
10mM HEPES/NaOH, pH 7.4
140mM NaC1

2.5mM CaC1}

2.2 Methods

2.2.1 RNA isolation and quality control

All RNA used in the experiments comprising thissisevas extracted using TRIZol
(Invitrogen, Carlsbad, CA) following the manufaatis protocol with some

variations.

RNA was extracted from cell lines and human tisR¢A extraction from cell lines
began with a wash with serum free medium beforenad800 ! of TRIzd directly
to attached cells. For RNA extraction from humassui, 250 pl of TRIz8lwas
added to tissue inside an Eppendorf tube beforeogemising the tissue with a
plastic pestle, followed by further addition of 2BDof TRIzoF.



Samples in TRIz8 were then heated to 3T for 5 min, pulse centrifuged for 5 sec,
and 100 pl of chloroform was added to each sangaenples were then vortexed for
15 sec, and then incubated at room temperatures famnin. Samples were then
centrifuged at 12,000 x g for 15 min at’@. 300 pl of isopropanol was added to
fresh eppendorf tubes. After centrifugation the eamps phase was removed and
placed into the new eppendorf tube containing igpanol, incubated at room
temperature for 10 min and then centrifuged at 2,0 g for 30 min at 4C. After
centrifugation the isopropanol was removed and |5006f ethanol was added before
vortexing. Samples were then centrifuged at 7,608 for 5 min at 4°C before
removing the ethanol. Samples were centrifugednagay,600 x g for 1 min and any
excess ethanol was removed. To dissolve the RNetp22 ul of ultra pure water
(Fisher Biotec, Subiaco, WA) was added before iatinlg samples at 60 for 10
min, followed by a pulse centrifuge, then a furtieubation for 5 min at 68C. The
RNA concentration of each sample was measured usingiophotometer
(Eppendorf, North Ryde, NSW). RNA quality was detered by gel electrophoresis
(1% gel, 3 g of agarose in 300 ml of TBE buffehiHium bromide staining (40 pl
of 10 mg/ml ethidium bromide in 800 ml MQ) for 3Qmies and UV illumination
was used to visualise and photograph intact 182&$JrRNA bands.

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

Expression of selected miRNAs were assessed usifigidual TagMafi miRNA
Assays (Applied Biosystems, Foster City, CA, US3)g of total RNA was reverse
transcribed into complementary DNA (cDNA) using gespecific primers (primer
details Table 2.1) and the TagMamiRNA reverse transcription kit (#4366597,
Applied Biosystems) following the manufacturers tpoml. After reverse
transcription miRNA expression was assessed bytimal PCR, using the Applied
Biosystems, TagMan® Universal PCR Master Mix, No pkmase® UNG
(#4324018) and individual miRNA TagMamssays. Individual miRNA TagM&n

assay details are shown in Table 2.1.



Table 2.1: Individual TagMaff miRNA assay details including the assessed mature

mMiRNA sequence.

Assay
MiRNA ID Mature miRNA sequence

hsa-miR-21 | 000397 UAGCUUAUCAGACUGAUGUUGA

hsa-miR-141 | 00046 UAACACUGUCUGGUAAAGAUGG

hsa-miR-143 | 00224 UGAGAUGAAGCACUGUAGCUC

hsa-miR-145 | 002278 GUCCAGUUUUCCCAGGAAUCCCU

hsa-miR-194 | 000491 UGUAACAGCAACUCCAUGUGGA

hsa-miR-200b| 00225 UAAUACUGCCUGGUAAUGAUGA

hsa-miR-200c| 002300 UAAUACUGCCGGGUAAUGAUGGA

hsa-miR-215 | 00051¢ AUGACCUAUGAAUUGACAGAC

3
)
3
3
hsa-miR-200a] 000502 UAACACUGUCUGGUAACGAUGU
L
D
3
1

hsa-miR-429 | 001024 UAAUACUGUCUGGUAAAACCGU

CCTGGATGATGATAGCAAATGCTG
ACTGAACATGAAGGTCTTAATTAG
hsa-RNU44 | 001094 CTCTAACTGACT

Reverse transcriptase (RT) reactions contained &6f mNA sample, 100 nM stem-
loop RT primer, 100mM of dNTPs, 50ul/ Multiscribe reverse transcriptase, 20
U/puL RNase inhibitor, 1.5uL 10 x RT Buffer (all from Applied Biosystems) and
ultra pure water. The 1BL reactions were incubated in a Thermocycler (Eploei)
North Ryde, NSW, Australia) for 30 min at°d 30 min at 42, 5 min at 8%C and
then held at 2&C. After reverse transcription the RT product (cDN#as diluted with
41.25 ul of ultra pure water.

Real-time PCR was performed using a Rotor-Gene G@ifibett Life Science,
Sydney, NSW, Australia). The 20L PCR reaction included & of diluted RT
product, L of primers, 10puL TagMarf Universal PCR Master Mix, No
AmpErase® UNG (#4324018, Applied Biosystems) angdL4of ultra pure water.
Triplicate reactions were performed on all samplEse data was quantitatively
analysed using Q-Gene softwdre and then prepared for presentation with
KaleidaGraph software (Synergy Software, PA). MiRMNXpression data were
normalized for levels of RNU44 (assay detail, T&hle).



2.2.3 Quantitative RT-PCR analysis of mRNA expression

Expression of selected mRNAs compared were assessied a QuantiTeCt
Reverse Transcription kit (#205313, Qiagen, ValancCA) and either the
QuantiTecl] SYBRGreen mastermix (#204145, Qiagen) or TagMarGene
Expression Mastermix (#4369016, Applied Biosysterfta) PCR following the
manufacturers protocol. Primer details for QuantifeSYBRGreen PCRs are shown
in Table 2.2. Primer details for TagMagene expression assare shown in Table
2.3.

Genomic DNA was removed from 336 ng of total RNA togating with gDNA
wipeout buffer. The 336 ng RNA sample was then n&dranscribed into cDNA
using a mixture of oligo-dT and random hexamer prsn After reverse transcription
MRNA expression was assessed by real-time PCR,gusiie Quantite€t
SYBRGreen and gene specific primers. PCR was chaig in a Rotor-Gene 6000
(Corbett Life Science).

Reverse transcription reactions were at a finalina of 20 pl and contained 336 ng
of RNA sample in 5 pl of ultra pure water, 2 ulgidDNA wipeout buffer, 1 ul of
reverse transcriptase, 4ul of 5x RT buffer and @ftIRT primer mix (all from
Qiagen) and 7 pl of ultra pure water. The 20 plerse transcription reaction was
carried out in a thermocycler (Eppendorf, North ByNSW) for 30 min at 42, 3
min at 95C and then held at’@. After reverse transcription the RT product (cDNA

was diluted with 150 pl of ultra pure water.

Real-time PCR was performed using a Rotorgene @0&®nocycler (Corbett Life
Science). Both methods of PCR consisted of gl2@CR reaction including|g. of
reverse transcribed cDNA product. The Quantite@YBRGreen system required
1uL each of 5 uM forward and reverse primers (Genekg,ol hebarton, SA), 1AL
QuantitecEl SYBRGreen (Qiagen) andj& of ultra pure water. The TagM&8mgene
expression assay required 1 pl of primer, 10 plfagMarf universal master mix (all
from Applied Biosystems) and 4 ul of ultra pure @ratTriplicate reactions were

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



softwaré* and then prepared for presentation with KaleidaBrsoftware (Synergy

Software, PA). mRNA expression data were normalifmdlevels of a reference

‘house keeper’ gene.

Table 2.2: Primer details for QuantitddtSYBRGreen PCR

Gene

Name Forward Sequence Reverse Sequence

18S CCGCGCTGGTTGG GTCGGCATCGTTTATGGTC
B-actin | TTGCCGACAGGATGCAGAAG GCCGATCCACACGGAGTACT
BMP4 | CATCCACTCACCCACACACT TGGTCAAAACATTTGCACGTA
CDX2 | CAGCTAAGATAGAAAGCTGGACTG | CACCCTGTGCATACACCAGCCAAG
CK8 AGCGTACAGAGATGGAGAAC TGAGGAAGTTGATCTCGTCG
CK14 | ACGATGGCAAGGTGGTGT GGGATCTTCCAGTGGGATCT
GATA4 | TCTTGGAACAGCCTGGTCTT GGCCTCCTTCTTTGCTATCC
HNFla | TTGTTTGGGGCAGGAGTAGC CCTGGGGTCACCTCTTTCTT

IL6 GCAATAACCACCCCTGACC TAAAGCTGCGCAGAATGAGA
ZEB1 | TCGATCTGGCATTGTTTTATC GCGGATTTAGCATATGTTTACCA
ZEB2 | GTTCAGCCAAGACAGATGTAGACG | CAGGATTAGTCTCTGAACCACAC

Table 2.3: TagMarf gene expression assay details.

Gene

1D Assay ID

PC Hs00559398_m1*
NUAK2 Hs00388292_m1*
PABPC4 | Hs00906354_m1*
MECP2 Hs00172845_m1*
H2AFX Hs00266783_s1*
RTKN Hs00895015_m1*
GEM Hs00738924_m1*
DUSP10 | Hs00200527_m1*
EGR1 Hs00152928_mil*
CITED2 | Hs01897804_s1*
SLAMF7 | Hs00900280_m1*
ANKRD1 | Hs00173317_m1*

CYR61

Hs00155479_m1*




2.2.4 Thawing of cells for cell culture

A cryo-tube of the required cell line was rapidlyatved under lukewarm water
before being transferred into a 10 ml centrifugeetu7 ml of culture medium was
added to the centrifuge tube before centrifugaibd00 xg. The supernatant was
removed and a further 7 ml of cell culture mediuasvadded followed by additional
centrifugation at 400 »g. The supernatant was again discarded and celle wer
resuspended in 1 ml of cell culture medium. Celéserthen aliquoted into a 75 ml
culture flask and incubated at’&7with 5% CQ.

2.2.5 Cell culture and miRNA over expression

Het-1A® and OE-14" cells were cultured and transfected with miRNA rignto
elevate miRNA expression (mMiRNA mimic and negateatrol details are shown in
Table 2.4). Het-1A cells were cultured using LH®@@dium (Invitrogen, Mulgrave,
VIC) supplemented with 0.2 pg/ml penicillin-streptgcin - (Invitrogen) and
0.1mg/ml, Normocin (Invivo-Gen, San Diego, CA). H& cells were transfected
with miR-143, miR-145 or miR-205 mimics or a negati control duplex.
Plasticware used for Het-1A cell culture was coatgtth a coating media prepared
from LHC-9 medium by adding 0.01 mg/ml fibronec{®igma, Castle Hill, NSW),
2.3 pg/ml Collagen (BD biosciences, North Ryde, NSadd 0.1 mg/ml bovine
serum albumin (Sigma). Once the coating media wepgped it was added to cell
culture plasticware and incubated overnight &iC37The following day the coating

media was removed and the plastic ware was leftytahoroughly.

OE-19 cells were cultured using Dulbecco's modifieayle medium (DMEM)
supplemented with 10% fetal bovine serum (Invitrogel% (weight/volume)
penicillin-streptomycin (Invitrogen) and 0.06% (uate/volume) Normocin (Invivo-
Gen). OE-19 cells were transfected with either riE; miR-145 or miR-215

mimics or a negative control duplex.

MiRNA levels were increased by transfecting Hetdells with miR-143, miR-145
or miR-205 mimics and OE-19 cells with miR-143, AliRS or miR-215 mimics



using the Lipofectamine™ 2000 system (Invitroges) er the manufacturer’s
protocol. mMiIRNA mimic and negative control duplexesre supplied lyophilized
and were dissolved in ultra pure water to achieweolacentration of 150 uM for
storage. Cells were exposed to miRNA duplexes foh2then the transfection cell
culture media was replaced with fresh media. Gsbse transfected using miRNA
mimic or negative control duplexes at 33 nM conian (GenePharma, Shanghai,
China) (Table 2.4). RNA was extracted from trantfdccells using TRIz8| and
MIRNA over expression was confirmed by using theRP@ethods described in
section 2.2.2 to assess RNA obtained from transfiecell lines 24 and 48 hr after

the cells were exposed to the miRNA duplexes.



Table 2.4: Sequence details and product numbers for mimic reeghtive control
duplexes used for cell line transfection experimentiRNA 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) tractsd@ experiments, cell
proliferation and apoptosis were assayed 24 and @8st transfection (n=2
experimental replicates). Experiments measurindjfpration were conducted using
96 well plates. 3000 cells were plated per well d@dwells were used for each
experimental and control group. Cell proliferatienels were measured by assessing
cell numbers using the MTS assay system (PromelgxaAdria, NSW) as per the
manufacturers protocol. For each cell line the MiBSay was first used to calculate a
standard curve from absorbance readings of knovinncenbers at 490 nm. To
assess cell numbers 20 pl of MTS solution was addeshch well of the 96 well
plate that contained attached cells and 100 pébfcolture media. After adding the
MTS solution 96 well plates were incubated af@7or two hours before an
absorbance reading at 490 nm was obtained from wallhusing a scanning plate
reader (Bio-Rad, Gladesville, NSW). Absorbance ireg&l and the standard curve
were used to calculate cell numbers. Cell numbeesaeh time point were assessed,
comparing cell groups transfected with a miRNA namiith cells transfected with
the negative control duplex. Differences in celinbers were assessed for statistical

significance using the Mann-Whitney test.

Experiments measuring apoptosis levels were cordugsing 24 well plates. 50,000
cells were plated per well and 8 wells were usedeich experimental and control
group. Apoptosis was measured by assessing theerarabpre-apoptotic cells. Post
transfection cells floating cells were removed grldced in a centrifuge tube.
Attached cells were detached using trypsin, 0.052X) (with EDTA 4Na
(Invitrogen) and pooled with floating cells, twicentrifuged at 400 g and washed
with PBS + 0.05% Na azide then resuspended in 2@® annexinV binding buffer
(BD biosciences). 5 upl of the annexinV antibody (Bi»sciences) was added to
cells with 5 pl of propidium iodide (Sigma) as pgbe manufacturers protocol to
stain viable, pre-apoptotic and non-viable cells &4 48 hr post-transfection.
Propidium iodide indicative cell viability and ptse AnnexinV, pre-apoptotic
staining was measured using flow cytometry (BD FAASITO Il from BD
Biosciences) and the BD FACSDiva software package.



2.2.7 Statistical analysis and correlations

mMiRNA and mRNA PCR data were processed using Q-Gefteavare to produce
relative quantification dat&. Differences in miRNA expression between the three
tissue groups were assessed for statistical signde using GraphPad PRISM
software to perform Kruskal-Wallis tests and post hesting using the Holm-
Bonferroni method. Spearman rank order correlatiests between miRNA vs.

MRNA expression were determined on-lirgtg://www.wessa.net/rankcorr.wgsp

Statistical analysis of mMiIRNA and mRNA expressiaswperformed using GraphPad
Prism software (GraphPad Software, Inc. La Jolla, GSA). Apparent differences

in proliferation and apoptosis were assessed ubmd/lann-Whitney test.

2.2.8 In-situ hybridisation

To localise miRNA activity in-situ hybridization waperformed, probing against
MIiRNAs of interest. Flinders Medical Centre, Anatoah Pathology staff performed
standard hematoxylin and eosin staining on a siiden each tissue biopsy to
confirm the tissue type. In-situ hybridization waerformed on serial 4 um sections
of 4% formalin fixed, paraffin embedded oesophadmsale biopsies from controls
and individuals with ulcerative oesophagitis. Thesitu hybridization protocol was
based on a protocol published by Pena and collei§weth the following changes.
All buffers were purchased direct from the manufeet or prepared with diethyl
pyrocarbonate (DEPC) (Sigma) treated water andlisesl via autoclave unless
otherwise stated. Sections were deparaffinisadisto-Clear (National Diagnostics,
Atlanta, Georgia) and rehydrated through an ethatilition series (100-25%).
Slides were then washed for 5 min in water treatéd DEPC followed by 13 min
in 2 pg/ml proteinase K treatment (Roche Diagnestitannheim, Germany). Tissue
sections were acetylatél for 10 min and then washed twice, for five minuies
PBS. Sections were framed with a wax pen (Vectobokatories, Burlingame,
California), covered with 40 pl of pre-hybridisatibuffer*® and incubated at room
temperature for four hours. Pre-hybridisation buffeas tipped from the slides and
replaced with 40 pl of either the digoxigenin (Dil@beled, Locked Nucleic Acid
(LNA)-miRNA probe or LNA-scramble probe (Exigon, Weaek, Denmark) diluted



to 250 nM with denaturing hybridization buffer (8% CHAPS detergent (Amresco,
Solon #0465-5g), 0.1% Tween-20 (Sigma, #P137%eSlwere then incubated at 55
°C overnight. The LNA-probes used include miR-1438%15-15), miR-145
(#38517-15), miR-205 (#18099-15), miR-215 (#99999-1U6 (#99002-15) and
mMiR-SCR (#99004-15). The sequence of the miR-SCRledy used as a negative

control, shared no homology with known miRNAs.

Slides were washed twice with 0.2X saline sodiutnat? (SSC) buffer (Sigma)
heated to 6C and then incubated with 0.2X SSC buffer 60 min6at°C.
Levamisole (24% weight/volume) (Sigma, #L9756-5Gaswused to reduce
background alkaline phosphate activity. Slides wsremerged in levamisole buffer
containing 1M TRIS pH 7.5 and 5M NaCl for 5 min rabm temperature. The
sections were then incubated with a blocking buffié¥ blocking buffer and 1X
maleic acid buffer, DIG Wash and Block Buffer J&pche Diagnostics) for 60 min.
40 pl of anti-DIG antibodies (Roche Diagnosticsiuidid 1:2000 using blocking
buffer was added to each section and then slides imeubated overnight at°C.
The slides were then washed in 1X wash buffer (W@sh and Block Buffer Set,
Roche Diagnostics) and incubated with the detecbaffer (0.08 M Tris-HCI
containing 0.17 M NaCl pH 9.5) for 10 min. The skdwere then submerged in a
1:500 dilution of nitro blue tetrazolium chlorid8IBT) /BCIP (5-bromo-4-chloro-3-
indolyl phosphate, toluidine salt) (Roche Diagnmstiuntil staining was observed.
Buffered glycerol was added to each section befareer-slipping. Slides were
viewed using an Olympus BX50 microscope and phaiolged at 10x magnification
using the SPOT software package.

2.2.9 mRNA array analysis

Changes in global gene expression were assessetcdbyarray analysis (Human
Gene 1.0 ST Arrays, Affymetrix, Surrey Hills, VI@ging RNA obtained from OE-
19 cells (Methods, 2.2.1) 24 hr post transfectiati wither miIRNA mimics of miR-

143, miR-145, miR-215 or the negative control sdymprobe (Methods 2.2.5).
The Human Gene 1.0 ST Arrays from Affymetrix asse88869 genes, using 26

probes mapping across each genes transcript. [EbrraBRNA mimic and negative



control n=3 RNA samples were assessed via mRNA/aklh mRNA arrays were
performed by staff at the Adelaide microarray fiézil300ng of RNA was labelled
using the Affymetrix WT Sense Target labelling 3564701880, Affymetrix) and
then hybridised to Human Gene 1.0 ST Arrays (Afftnme Analysis of the array
data was performed using the Partek Genomics sudtdPartek, Missouri, USA).
RMA background correction, GC content correctiod amean probe summarization
was performed in the Partek software package, i@tbby assessing differences in
gene expression for statistical significance viaGAWA with Benjamini-Hochberg p-

value adjustmeft®.

2.2.10Western Blotting and antibody details

Protein for western blotting was isolated from OE-ells 24 hr post transfection
using cell lysis buffer. Cells were washed with P&%®I cell lysis buffer was added
(500 pl: confluent T75 flask of cells and 200 gdnfluent well in a 6 well plate).
Cell lysate was placed on ice and sonicated atrpldude Microns for 20 seconds
(direct probe, Misonix Sonicator 4000, CT, USA) drefstorage at -2Q.

Protein concentration was quantified using the EZ@®tein quantification kit
(Invitrogen, Mulgrave, VIC) following the manufacar's protocol. 40 pg of each
protein sample was required for western blot. RPnosamples were diluted to equal
volumes, sample buffer was added and then samp@es lveated to 168G for 5 min.
Samples were then cooled and loaded into 12%, 10% 705%
polyacrylamide/bisacrylamide pre-cast gels (Bio-Raebending on the protein size.
Precision plus dual colour protein standards (BamRwere also added to one lane
of the pre-cast gel as a molecular marker. Gelgweaded into the electrophoresis
apparatus (Bio-Rad), submerged in a gel tank filéith running buffer and run at
200 V for ~30 min until the sample buffer reachd tower end of the gel. After
electrophoresis gels were placed onto a methantvated PVDF membrane
(membrane soaked in 100% methanol for 30 sec),pmedared for transfer as a
blotting sandwich, surrounded by a filter paperlagnd a sponge layer. The blotting
sandwich was then loaded into a plastic transfesseite (Bio-Rad). Transfer
cassettes were loaded in the gel transfer appafatodkad) and run at 400 mA for 2
hr.



After transfer PVDF membranes were submerged inkihg buffer for 40 min then
submerged in the required dilution of primary aatllp (Table 2.5) overnight. The
following morning membranes were removed from prynantibody, washed with
PBS-T and submerged in the required dilution osboadish peroxidase conjugated
secondary antibody for 1 hr (Table 2.5). Membrawese then washed with PBS-T
and bands were detected using the Amersham™ ECEk Rlestern Blotting
Detection Reagent (GE health care, Buckinghamsltmrgland) following the

manufacturer’s protocol.

Bands were visualised using a Las-4000 enhancedikthinescent exposure
imager (Fujifilm Life Science, Holliston, MA) andhptographed using MultiGauge
version 3.0 image capture software (Fujifilm Lifei&ce). Band intensity for the
protein of interest and the loading control proteias quantified using Carestream
Image Analysis software (Carestream, Rochester,. NMjer Western blotting
membranes were re-blotted for the loading controtggn GAPDH using the same
methods described above. Loading control band sities were used to normalise
protein of interest band intensities. Differencasexperimental group and control
band intensities were assessed for statisticalifeignce using the Mann-Whitney
test.



Table 2.5: Antibody details used in western blot analysis.

MIRNA Protein Product Raised
of Protein Name Size Company Number Type in 1' Dilution
interest (kDa)
Harvey rat
miR-143 | KRAs | Sarcomaviral 21 Santa Cruz F234 | MO | yiouse | PBS 1:1,000
oncogene clonal
homologue
Smad
miR-215 |  ZEB2 interacting | 1271501 santacruz| sc-ag789 MONO | Mouse | PBS 1:200
- 110, 97 clonal
protein 1
miR-145 | YES | Froteintyosinel  gg Cell 2734 Poly- | Rabbit | PBS 1:500
kinase 1 Signalling clonal
. . Mono- .
miR-145 RTKN Rhotekin 62 Abnova H00006242 clonal Mouse PBS 1:1,000
. Denticleless 95, 77, Poly- . .
miR-215 DTL homolog 26 Bethyl A300-948A clonal Rabbit PBS 1:1,500
. Histone . Mono- .
miR-143 HDAC7 deacetylase 7 102 Sigma H6663 clonal Mouse PBS 1:8,000
House Glyceraldehyde Mono-
GAPDH 3 phosphate 34 Abcam ab9484 Mouse PBS 1:1,000
keeper clonal
dehydrogenase




2.2.11Ingenuity Pathway Analysis

A core Ingenuity Pathways Analysis was performegmdicted targets of miR-141
and miR-200c. Ingenuity Pathways parameters wdréosassess a knowledge base
derived from direct and indirect associations bemvgenes in human experiments
and also epithelial cell lines. All interactionseidified in the Ingenuity Pathways
Core Analysis are based on published experimeria (hot predicted interactions).
The Ingenuity Pathways Analysis first assessedirtpat predicted gene targets of
miR-141 and miR-200c and built a “biological netwbrbased on validated
interactions between the input predicted targetegesnd any other gene where an
interaction had been published. The analysis thienpgd the genes in the network
according to their validated biological functiorg(egroliferation or apoptosis etc.),
and then tested the gene interactions and grodpmstatistical significance using a
Fisher's exact test. The analysis produced a “igickd network” of genes (top five
biological networks are listed), with a common bital function, that have been
validated in experimental studies to interact veitth other, and have been tested for
significance to ensure their grouping did not octyr chance. Secondly, the
Ingenuity Pathways Analysis grouped the input mtedi gene targets of miR-141
and miR-200c according to their validated biologiftanctions and listed the “top
molecular and cellular functions” (top five moleauland cellular functions are
listed), and again tested each group for statissigaificance using a Fisher’'s exact
test.



Chapter 3

Investigation of mMIRNA expression in oesophageal
squamous epithelia, Barrett's oesophagus and
oesophageal adenocarcinoma

3.1 Introduction

The mechanisms that drive the development of B&rebpesophagus and
oesophageal adenocarcinoma not fully understoothoAgh numerous molecular
alterations have been identified, there are stiluaber of interesting, unanswered
questions regarding the role of miRNAs in Barrettessophagus and oesophageal

adenocarcinoma.

Prior to my PhD candidature no study had quantiéhtiassessed miRNA expression
in Barrett's oesophagus and oesophageal adenocarain Our research group
hypothesised that miRNA expression would be alténeBarrett’'s oesophagus and
oesophageal adenocarcinoma and these changes iNAM#&Xpression might
contribute to the development of these pathologidserefore, as a first step in
investigating the role of miRNAs in the developmenftBarrett's oesophagus and
oesophageal adenocarcinoma our laboratory aimegdess miRNA expression. In
our study’® miRNA arrays were used to assess global miRNAesgion comparing
squamous oesophageal epithelia with both Barre#'sophagus and oesophageal
adenocarcinoma. These arrays identified numerol®NAs that were potentially
differentially expressed in Barrett's oesophagusesophageal adenocarcindila
An analysis of this microarray data was performgdly Anna Tsykin (Adelaide
Microarray Centre) prior to commencing my PhD caladlire, and this provided the
preliminary data for my PhD studies. Prior to tmablication of our microarray
study'®, a study by Feb&’ was published which identified altered miRNA
expression in oesophageal adenocarcinoma using AliBiMays. The study by
Febel®® highlighted that miRNAs were differentially expsesl in oesophageal

adenocarcinoma. However, miRNA changes were nattgatvely assessed and the



Barrett’'s oesophagus samples assessed were all fedants with oesophageal

adenocarcinoma.

The first step of my PhD project involved using quiative RT-PCR to validate the
results of the miIRNA microarray analysis. From th&roarray analysis, the most
differentially expressed miRNAs, including miR-2hiR-194, miR-203, miR-205
and miR-215 were selected for quantitative valwatiTwo additional miRNAs,
miR-143 and miR-145, were also selected for vallalafrom the list of potentially
differentially expressed genes because of previbersture indicating their role in

maintenance of columnar gastrointestinal epithefitin

3.2 Tissue samples - collection, histopathology and RBbraction

Biopsies were collected from patients with eithear®tt's oesophagus or
oesophageal adenocarcinoma who were undergoingseoolyp assessment at our
institution. “Barrett’'s oesophagus” was defined adumnar lined oesophageal
mucosa with intestinal metaplasia. Biopsies werdect®d according to usual
clinical practice and placed in formalin for stardlaistopathological evaluation by
Dr David Astill (Consultant, Divison of Surgical tPalogy, IMVS). Additional
biopsies were collected for research purposes filuentissue of interest (Barrett’s
oesophagus or cancer), as well as proximally frdva squamous oesophageal
epithelium (5 cm proximal to the upper margin oé tmetaplastic epithelium or
carcinoma) and distally from the mucosa of the pra stomach. For the Barrett’s
oesophagus, specimens were all collected from #sopghagus, 1cm above the
gastroesophageal junction, and intestinal metaphasis confirmed to be present by
histopathology in all instances. Gastric tissue walfected as reference columnar
epithelia. All biopsies were stored in RNAlat¢Ambion, Austin, TX, USA).

In addition, tissue samples (squamous epithelintestinal metaplasia, oesophageal
adenocarcinoma, and proximal gastric epitheliumyeweollected from 8 patients
who underwent surgical resection of the oesophdgusinvasive oesophageal
adenocarcinoma at Flinders Medical Centre (Soutstralia, 2 patients) or Erasmus
Medical Centre, Rotterdam (Netherlands, 6 patiefts@¢ach case, these patients had



not received neoadjuvant chemo-radiotherapy. Thgical resection specimens
were transported on ice to a pathology laboratayere tissues were sampled and
stored in liquid nitrogen for further processing;carding to recent published
guidelined®. The protocol for this study was approved by tHmders Clinical

Research Ethics Committee.

A small piece of the tissue specimens collecteddeearch, either at endoscopy or
surgery, was removed, fixed in formalin and embeddeparaffin for haematoxylin-
eosin and Alcian blue periodic Schiff diastase (ABD) staining. The remaining
tissue was used for gene expression analysis. péigtology from the formalin fixed
portion of these tissues (squamous epithelium simal metaplasia, oesophageal
adenocarcinoma, and gastric epithelium groups) icoatl that the samples
consisted only of their characteristic epitheliuamd had no other detectable
epithelia/admixture. Tissue cut-up, RNA extractiamd RNA quality control was
performed by Dr Damian Hussey and Dr Bas Wijnhoven.

3.3 Results: TagMaf! quantitative RT-PCR identifies altered
MIRNA expression in Barrett’'s oesophagus and oesagéal
adenocarcinoma

miR-21, miR-143, miR-145, miR-194, miR-203, miR-2@md miR-215 were
assessed by TagMaRT-PCR (Methods, chapter 2, section 2.2.2) to tjtaively
validate the microarray results across the diffetessue samples derived from 32
individuals (normal oesophagus n=29; intestinal apkatsia n=20; proximal gastric

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

Expression of miR-21 was significantly higher il sipes of columnar epithelia
(intestinal metaplasia, gastric epithelium, oesgelahadenocarcinoma) compared to
squamous epithelium (Table 3.1 & Figure 3.1). Tdaeel of miR-21 expression was
not significantly higher in oesophageal adenocartia relative to intestinal
metaplasia. miR-143 levels were also significahtiyher in intestinal metaplasia and
gastric epithelium compared to squamous epithe(iliable 3.1 & Figure 3.2). miR-

145 was significantly higher in intestinal metapasompared to squamous



epithelium (Table 3.1 & Figure 3.3). miR-145 wasaahigher in gastric epithelium

compared to squamous epithelium, but this did eath significance with post-hoc
testing (p=0.02). In oesophageal adenocarcinomagegwer, miR-143 and miR-145

expression was significantly less than in Barratesophagus epithelium (Table 3.1,
Figure 3.2 & Figure 3.3).

miR-203 and miR-205 expression was significantighler in squamous epithelium
compared to all types of columnar tissues (Table Bigure 3.4 & 3.5). There were
no significant differences in miR-203 expressioma®en the columnar tissue types,
whereas miR-205 levels were significantly higher iimestinal metaplasia and
oesophageal adenocarcinoma compared to proximaigepithelium (Table 3.1 &
Figure 3.5).

miR-215 expression was tissue-specific with highegpression in intestinal
metaplasia. The level of expression of miR-215 wveggnificantly lower in
oesophageal adenocarcinoma, gastric epitheliunsgnamous epithelium compared
to intestinal metaplasia (Table 3.1 & Figure 3@astric epithelium and oesophageal
adenocarcinoma had significantly higher levels ofRf815 than squamous
epithelium (Table 3.1 & Figure 3.6). The levelsmiR-194 expression were also
significantly higher in columnar tissues than sqoamtissue (Table 3.1 & Figure
3.7). There were no significant differences in ni®4 expression between the

different columnar tissue types (Table 3.1 & Fig8re).



Table 3.1: Relative median miRNA expression values validamd TagMar?
polymerase chain reaction in squamous mucosa, Barcesophagus, oesophageal
adenocarcinoma and proximal gastric mucosa. A leagge in miRNA expression is
observed for miR-143 and miR-145 in squamous mucdsés is discussed in

Appendix 1.
Squamous Barrett's Oesophageal Proximal p-value
mucosa oesophagus adenocarcinoma | gastric mucosa
miR-21 | 1.145 3.161 4.810 5.104 <0.0001
(0.829, 1.731) (2.698, 4.528) | (3.603, 9.241) (4.725, 7.211) *+ o0 ¥
miR-143 | 0.0009 0.0102 0.0033 0.0119 0.0005
(0.0033, 0.0242) | (0.0060, 0.0306) (0.0039, 0.0094) | (0.0098, 0.0156) | * 0O #
miR-145 | 0.0131 0.0450 0.0249 0.0508 0.0059
(0.0163, 0.122) | (0.0333, 0.115) | (0.0212, 0.058) | (0.0413,0.0664) | * ¢
miR-194 | 0.00051 0.0633 0.0446 0.0705 <0.0001
(0.00048, 0.0011)| (0.0476, 0.107) | (0.0325, 0.0945) | (0.0100, 0.0660) | * + o
miR-215 | 0.00068 0.0129 0.0041 0.0057 <0.0001
(0.0007,0.00191) | (0.0094,0.0290)| (0.0027,0.0195) | (0.0055,0.0086) | * + o0 ¥ 0
miR-203 | 0.4730 0.0278 0.0204 0.0273 <0.0001
(0.411,0.669) (0.0256, 0.106) | (0.0153, 0.0475) | (0.0253,0.0360) | *+ oo
miR-205 | 2.455 0.0140 0.0029 0.00021 <0.0001
(1.975, 3.354) (0.0485, 0.388) | (-0.0106, 0.334) | (-0.00025, 0.0019) | * + o0 ¥ #

All figures are median (95% confidence intervals).

The p-value listed is derived from Kruskal-Walkesting over the 4 tissue groups

Post-hoc testing for pair-wise comparisons is bynHBonferroni method

* Post-test — P<0.05 for squamous mucosa vs Barmetaplasia

+ Post-test — P<0.05 for squamous mucosa vs oagephadenocarcinoma

o Post-test — P<0.05 for squamous mucosa vs proxjasfic mucosa

¥ Post-test — P<0.05 for Barrett's metaplasiaregimal gastric mucosa

¢ Post-test — P<0.05 for Barrett's metaplasia wopkageal adenocarcinoma

# Post-test — P<0.05 for oesophageal adenocareinsmproximal gastric mucosa




Figure 3.1: TagMarf analyses of relative miR-21 levels in normal sqoas)
Barrett’'s oesophagus, oesophageal adenocarcinochgaatric tissue. The relative,
normalised miR-21 expression level in each tissampme is presented as an
individual symbol.
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Figure 3.2: TagMarf analyses of relative miR-143 levels in normal sgoas,
Barrett’'s oesophagus, oesophageal adenocarcinochgaatric tissue. The relative,
normalised miR-143 expression level in each tissample is presented as an

individual symbol.
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Figure 3.3: TagMarf analyses of relative miR-145 levels in normal sgoas,
Barrett’'s oesophagus, oesophageal adenocarcinochgaatric tissue. The relative,
normalised miR-145 expression level in each tissample is presented as an
individual symbol.
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Figure 3.4: TagMarf analyses of relative miR-203 levels in normal snoas,
Barrett's oesophagus, oesophageal adenocarcinochgastric tissue. The relative,
normalised miR-203 expression level in each tissample is presented as an

individual symbol.
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Figure 3.5: TagMarf analyses of relative miR-205 levels in normal sgoas,
Barrett’'s oesophagus, oesophageal adenocarcinochgaatric tissue. The relative,
normalised miR-205 expression level in each tissample is presented as an
individual symbol.

101
84 .
<
g .
Z 67 o
o
g [ ]
N
x ole
IS .;%'
oe®
21 %0’
1:? N
oee Ugym A
:b s
o sl "~ .
° & @ &
Nt NS &
& & < & O@‘}
0\}’0 R ©
& & &
@ n=29 O n=20 & n=20 n=24
& S i
RO & R
& i
D
‘Q
N
&
&

Figure 3.6: TagMarf analyses of relative miR-215 levels in normal sgaas,
Barrett's oesophagus, oesophageal adenocarcinochgastric tissue. The relative,
normalised miR-215 expression level in each tissample is presented as an

individual symbol.
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Figure 3.7: TagMarf analyses of relative miR-194 levels in normal sgoas,
Barrett's oesophagus, oesophageal adenocarcinochgastric tissue. The relative,
normalised miR-194 expression level in each tissample is presented as an

individual symbol.
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3.4 Discussion: miRNA expression is altered in Barrett’
oesophagus and oesophageal adenocarcinoma

Quantitative RT-PCR identified differences in thepeession of miR-21, miR-143,
miR-145, miR-194, miR-203, miR-205 and miR-215 iaritt's oesophagus and
oesophageal adenocarcinoma compared with squanesoplrageal epithelia. miR-
21, miR-143, miR-145, miR-194, miR-203, miR-205 amdR-215 have been
implicated in regulating numerous cellular procesbg directly targeting specific
MRNA transcripts (Table 3.2). The validated targeftshese miRNAs, shown in
Table 3.2, are involved in regulating cellular preses such as proliferation,
apoptosis, cell cycle control, migration and ineasas well as epithelial and stem
cell differentiation. Many of these cellular proses are aberrantly regulated in
Barrett’'s oesophagus or oesophageal adenocarcinamdagysfunctional regulation
of these known miRNA targets (Table 3.2), broudhdd via alterations in miRNA

expression, may contribute to this. No studies havestigated the roles of miR-21,
miR-143, miR-145, miR-194, miR-203, miR-205 and RAEKS in Barrett's

oesophagus and oesophageal adenocarcinoma. Howlee®se, miRNAs have been

investigated in other tissues.



Table 3.2: Current knowledge (as of 27/9/11) of direct mRNAg&ting by miR-21,
miR-143, miR-145, miR-194, miR-203, miR-205 and R2ES. Validated miRNA
targets listed in this table were identified vitedature review, searching all peer
reviewed publications on miR-21, miR-143, miR-145R-194, miR-203, miR-205
and miR-215 for validated targets.

microRNA Validated targets

miR-143 ERK5> KRAS™, ELK1™,
DNMT3A ENDC313%¢ BCL2Y
miR-145 IRS-1%, c-mycd™ RTKN™®

FLJ21308" KLF4™* 12 CAMK2-
5% OCT4%, SOXZ*, YES™?,
STAT1'® ER-alphd® DFF45%
MUC1'®, FSCN1°, DFF45°°,
PPPC3A®Y", CBFB™’, CLINT1*’

miR-194 Various cell cycle transcripts

miR-215 Various cell cycle transcripts
DTL'®, ZEB2'"°, DHFR'"Y,
TYMS'™

miR-203 p63™“ ABL1'"

miR-205 ZEB1™, SIPT™, SHIPZ"™

ErbB3/HER3"®, VEGF-A"®
INPPL1Y"* MED1'7®

miR-21 PTEN", TPM1"¢, E2F1,
TGFBR2, CDK8®, TIMP3,
PDCD4"®, SERPINBS* NFIB'®,
BTG2'°, BMPRZ2"®, IL6R'",
IL6'%, SOCSS™®, CDC25A%,
RECK'™, MTAP'®>, SOX5%,
JAG1®*, MARCK5'', LRRFIP1%®




3.4.1 miR-203 and miR-205 are enriched in oesophageal, . sgmous
epithelia compared with columnar epithelia

miR-203 and miR-205 were highly expressed in squesvepithelium, compared to
columnar epithelia. Previous investigations haw® akported high levels of miR-
203 expression in other squamous epithelia, suctkimsand the upper respiratory

8% 190 miR-203 has been shown to control stem-cell rehew stratified

trac
epithelia through regulation @63 and, possiblyZfp281. It is possible that similar

control of differentiation is lost in columnar-lide@esophageal mucosa.

miR-205 has been reported to be up regulated id hed neck squamous cancer cell

192193 and down-regulated in bre&$t

lines, bladder cancer, and ovarian cafite
and prostate cancér. Compared to gastric epithelium, miR-205 levelsrave
significantly higher in Barrett's oesophagus andsaphageal adenocarcinoma.
Whether this implies a cancer-associated role fdR-205 in columnar epithelia,

even at relatively low levels compared to squanepithelium, however, remains to

be shown.

3.4.2 miR-194 and intestinal metaplasia

miR-194 is up regulated in Barrett's oesophagus pamed with squamous
oesophageal epitheli@ miR-194 expression is regulated ) F-1a, a transcription
factor induced in Barrett's oesophagus and oesaaiagienocarcinomd. A study

by Hino et al'®” also showed that miR-194 expression is induceéhgtintestinal
epithelial cell differentiation. Taken together $sleeresults could suggest that elevated

miR-194 expression may promote intestinal diffeieidn in Barrett's oesophagus.

3.4.3 Elevated miR-143 and miR-145 and Barrett's oesophag
development

miR-143 and miR-145 are highly expressed in coluntissues from the upper

gastrointestinal tract. Also, miR-143 and miR-14& expressed in many tissues, but



show high expression in human colonic tis$flesEvolutionary conservation of
strong miR-143 and miR-145 expression in the zdista gastrointestinal tract
suggests that these miRNAs play important roleointrolling intestinal identity and
function®®. In support of this hypothesis miR-145 has beeplizated in directing
intestinal maturation in zebra fiSfl Furthermore, during the course of my PhD
studies | demonstrated that elevated miR-143 a5 expression is observed in
gastroesophageal reflux disease, the underlyindnopady associated with the
development of Barrett’'s oesophagus (See chapter 4)

3.4.4 miR-21 expression is up regulated in Barrett's oegihagus and
oesophageal adenocarcinoma

miR-21 expression is up regulated in gastric tissBarrett's oesophagus and
oesophageal adenocarcinoma, compared with squawmessphageal epithefd
miR-21 has been demonstrated to act as an oncdm@Rumber of solid tumouf®

and appears to be a key requirement for maintaiBiegll lymphom&°2 In addition,
elevated miR-21 has been implicated in many cellgeocesses required for
neoplastic development and progression. ElevatiomaiR-21 have been shown to
promote survival in myeloma ceff§, confer apoptotic resistance in prostate cancer
cells’®’, increase cell proliferation, migration and inaasin heptocellular carcinoma

cell™ and increase invasion and metastasis in coldreateer cell&®

Although miR-21 is classified as an oncogene itgagulation in non-malignant
Barrett’'s oesophagus may have an alternate rotwedsed miR-21 expression in
breast cancer cells has been shown to play anapaptotic role by repressing
programmed cell death (PDCD) 4 translatiSnand miR-21-induced suppression of
PDCD4 protects cardiac myocytes from apoptosis inducgdxidative stres§®
Reactive oxygen species are known to be produceBlamett’'s oesophagus and,
when considered with the higher miR-21 expressiaon Barrett's epithelium
compared with squamous mucosa, it is possiblerthBt21 also plays a protective

role in Barrett's oesophagus epithelium.



3.4.5 miR-143, miR-145 and miR-215 are down-regulated inesophageal
adenocarcinoma and may act as tumour suppressor miRAs

miR-143, miR-145 and 215 are down-regulated in pkeageal adenocarcinomia
Similar alterations are observed in other expresgmfiling studies, where miR-
143, 145 and 215 are all down-regulated in colagienocarcinond® 27 as well as

numerous other solid tumours including lung, breast prostate cancé&f 2%

Some specific roles for miR-143, 145, and 215 imcio@genesis have been
elucidated. miR-143 has been shown to target KRAS oncogene, suppressing
colorectal cancer cell growth via inhibition KRAStranslatioR*®. Therefore, loss of
miR-143 expression in oesophageal adenocarcinomla cesult in a loss dKRAS
regulation contributing to neoplastic developméiso, miR-143 has been shown to
directly targetbNMT3Ain colorectal adenocarcinofa DNMT3Ais implicated in
directing specific gene methylation profiles anckrédfore aberrant regulation of
DNMTS3A in cancer could lead to methylation directed sapgion of tumour

suppressor genks,

In Jurkat T cells miR-143 up-regulation has beakdd with the regulation dfAS
mediated apoptosis. miR-145 has also been implicated in regulatingpapsis via
a negative feedback loop involvingP53 through direct targeting ddTAT1and
DFF45 in colon cancer cell lines and also via direcgéting of rhotekin RTKN)in
breast cancer cell lin&8 1°%1% Also, p53 has been shown to induce miR-145 to
repress the apoptotic regulatormyc>®. Therefore, the loss of both miR-143 and
miR-145 in the progression of Barrett's oesophagusesophageal adenocarcinoma

may alter the cells ability to direct appropriapptotic responses.

Recent evidence implicates miR-145 with regulaimgsion through direct

targeting of mucin 1INJUC1), v-yes-1 Yamaguchi sarcoma viral oncogene homolog
1 (YES) fascin homolog 1, actin-bundling protein (Strologyntrotus purpuratus)
(FSCN1)and F11 recept@dAMA)®? 165 166. 212Tharefore, down-regulation of miR-

145 expression may contribute to tumour invasioodeophageal adenocarcinoma.

miR-215 acts in cooperation with miR-192 to regelle¢ll cycle events through their



ability to induce cell cycle arré§' *°7 Loss of miR-215 expression causes a
reduction in the ability of cells to regulate pfehation, a key neoplastic attribute. It
is interesting that the loss of miR-215 expressiomesophageal adenocarcinoma
compared to Barrett’'s oesophagus was not predloyesur microarray results. This
highlights the known limitations of micro-array dyss, and the need for separate

validation by quantitative PCR based metlibtls

It is therefore possible that miR-143, 145 and &1y act as tumour suppressors in
Barrett’'s oesophagus, with loss of expression dmuing to the development of
oesophageal adenocarcinoma. Investigation of some¢he tumour suppressor
properties of miR-143, miR-145 and miR-215 willfjmesented in chapter 5.

3.4.6 Limitations

A limitation of this study is that the squamousstis used for analysis was taken
from patients with Barrett's oesophagus or oesopabgdenocarcinoma, rather than
disease free control subjects. However, the ussofrol tissue from subjects with
oesophageal pathology is still a valid approacld, iams informative of changes in
MIiRNA expression across the range of tissues tbptesent the transition to
oesophageal adenocarcinoma. Another possible isnticoof this study was the
possibility that outcomes could be influenced btehmgeneity of tissue types within
individual segment of Barrett's oesophagus. Howewee did address this by
splitting individual oesophageal biopsies to ensoratched histopathology was
available for all samples used for molecular biglagnalysis, 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 high@R-21 in tumour relative to
squamous epithelium is in agreement with the resflFebeet al'®°. Interestingly,

the differences we observed in miR-215, miR-143 amiR-145 between
oesophageal squamous epithelium, Barrett's epitheli and oesophageal

adenocarcinoma were not reported by this group. félbe that our study includes



Barrett’'s oesophagus epithelium from patients whd dot have malignancy,
whereas the study by Febet al used Barrett’'s oesophagus epithelium only from

patients undergoing oesophagectomy for cancer naigtaunt for this difference.

After the study presented in this chapter begamerotgroups have reported
differential miIRNA expression in either Barrett'sesophagus, dysplasia or
oesophageal adenocarcinoma. A study by Fassan.&t r@ported among other
MIiRNA changes a similar increase in miR-215 andeise in miR-203 and miR-
205 to our reports in Barrett's oesophagus. Mathal 8> compared non-cancerous
tissue with oesophageal adenocarcinoma, preseatiggnilar increase in miR-21
and decrease in miR-203 to our reports in theseigis Maru et &f and Yang et

al*'® reported miRNA expression changes in Barrett'sopbagus, high-grade
dysplasia and oesophageal adenocarcinoma. Matifeatteempted to use miR-196a
levels as a potential marker of Barrett's oesopbadugh-grade dysplasia and
oesophageal adenocarcinoma tissues. In assessisg tissue types Maru et®al.

was able to show step-wise increases in miR-196zlddrom Barrett’s oesophagus
to high-grade dysplasia to oesophageal adenocanein®¥ang et af*° assessed non-
cancerous and cancerous tissues from patients high-grade dysplasia or
oesophageal adenocarcinoma, showing that miRNA essmn levels could

distinguish non-cancerous from cancerous tissuledse patients.

3.4.8 Summary

Chapter 3 compares miRNA expression in squamousieBa oesophagus and
oesophageal adenocarcinoma tissues. The resultg gtad several miRNAs are
differentially expressed in these tissues. Given iticreasing evidence implicating
mMiRNAs in the regulation of cellular processes dgsed above, identifying the
consequences of altered miRNA expression may peosidetter understanding of

the pathogenesis of Barrett's oesophagus and oagephadenocacinoma.



Chapter 4

Impact of gastroesophageal reflux on microRNA
expression, location and function

4.1 Introduction

Gastroesophageal reflux disease affects up to 50%/estern populatiods As
described in chapter 1, section 1.2.1, gastric iplogy offers protection from
exposure to acid and bile, although the oesophdgean is largely unprotected,
lacking an adherent mucous bartiePatients with chronic reflux can present with
endoscopically visible mucosal damage, and thisifests as mucosal ulceration
(ulcerative oesophagitis)At the cellular level, ulcerative oesophagitisassociated
with increased cell proliferatiéh’ and apoptosf8. Increased inflammatory cell

infiltrate®*®

and hyper-proliferation of basal cells are typidaktopathological
changes associated with gastroesophageal f&figX’ Additionally, our laboratory
has shown previously that increases in interledkifilL6) and cytokeratin (CK) 14
correlate with increased severity of refluxThese are molecular markers of

inflammation and basal cell hyperplasia, respettive

Barrett's oesophagus is associated with a 40 foldrease in oesophageal
adenocarcinoma riék. Studying gene expression in gastroesophageaixrefight
identify changes that promote progression to BBsrebesophagus and cancer.
Previous reports have shown increased expressigertds that determine columnar
or intestinal cell phenotype, such B8P4 and CDX2 in squamous oesophageal
epithelium from individuals with ulcerative oesopfts®?" *2 The implications of
elevated BMP4 and CDX2 are highlighted in chaptesettion 1.2.4.

Chapter three described miRNAs that are differdgti@xpressed in Barrett's
oesophagus compared to oesophageal squamous iepifti&l miR-203 and miR-
205 are expressed at higher levels in squamoukedipiin, and miR-143, miR-145,
miR-194 and miR-215 are expressed at higher lewel8arrett’'s oesophagus.



Currently, it is not known whether miRNA expressisraltered in gastroesophageal
reflux in the absence of Barrett's oesophagus.tifyemg altered miRNA expression

might provide insight into the development of Bétseoesophagus. In this study we
hypothesised that miR-203, 205, 21, 143, 145, 1%dl Z15 expression might be
altered in oesophageal squamous mucosa in respond@onic gastroesophageal

reflux.

The aims of the study were to:

1) Determine the expression of miRNAs known to b#erbntially expressed
between normal squamous and Barrett’'s oesophagossaymiR-203, 205, 21, 143,
145, 194 and 215) in oesophageal squamous epitinefiom individuals with

gastroesophageal reflux disease.

2) Assess the location of miRNA activity within tbesophageal epithelium.

3) Assess the role of these miRNAs in regulatinglifaration and apoptosis,

processes that contribute to tissue restoration.

Quantitative RT-PCR was used to compare miRNA esgiod levels in oesophageal
mucosa from individuals with or without gastroesagéal reflux, and individuals
with Barrett’'s oesophagus, and correlations betwadRNA expression and known
MRNA differentiation markers were determined. mRMRApression levels ofL6,
CK14, BMP4, CK8, CK20, CDX2, HN&Jand GATA4were assessed by real-time
PCR. miRNA regulation of proliferation and apopssvas evaluated following
transfection of a cell line derived from oesophagemamous tissue (Het-1A) with
miR-143, miR-145 or miR-205 mimics. miRNA expressin the oesophageal
mucosa in individuals with gastroesophageal refluas localised using in-situ

hybridisation.



4.2 Tissue samples - collection, histopathology and RBMraction

Oesophageal mucosal fresh tissue biopsies wereectedl from individuals
undergoing upper gastrointestinal endoscopy. Fathits of the RNA extraction
procedure are described in chapter 2, section 218.the current study we used
mucosal biopsies collected from the oesophagearsqus mucosa 5 cm above the
gastroesophageal junction from individuals who,edasen clinical and endoscopic
criteria, were determined to not have gastroesopdlageflux disease (Controls,
n=13), and from individuals with typical symptomkgastroesophageal reflux with
ulcerative oesophagitis at endoscopy assessmefO)n€ontrol patients recruited
for this study were individuals who at endoscopd havisibly normal oesophageal
mucosa, no other endoscopic indicators of gastpiesgeal reflux disease, and no
symptoms (or previous history) of gastroesophagefilix diseasé Patients with
ulcerative oesophagitis were included in the stiidipey had typical symptoms of
gastroesophageal reflux disease (heartburn andgigfion), and endoscopically
visible mucosal ulceration (ulcerative oesophagitisSavary Miller grade | to IV)

In addition, the same RNA samples from Barrett'sophagus mucosal biopsies

(n=20) described in chapter 3, section 3.2 were usé¢his study.

Mucosal biopsy histopathology, storage, RNA extoactand quality control are

described in chapter 3, section 3.2. Oesophageabsalitissue biopsies, used for in-
situ hybridization, were collected adjacent to thassed to assess miRNA and
MRNA expression by the same collection protocolcdbed in chapter 3, section
3.2. These biopsies were fixed immediately with 1@%énalin and subsequently

embedded in paraffin.

4.3 Results: miRNA and mRNA quantitation by RT-PCR

The expression of mMiRNAs miR-21, miR-143, miR-14%R-194, miR-203, miR-
205 and miR-215 and mRNA expression of markeés CK14, BMP4, CK8, CK20,
CDX2, HNF-1r andGATA4in the different types of oesophageal squamousosauc
was determined by RT-PCR (chapter 2, sections 2Zi2iIRNA) and 2.2.3 (MRNA)).
Due to limited RNA, miR-145 expression was onlyeased in ten of the 13 controls

The expression levels of miRNAs were correlatechwviite mRNA expression level



of squamous epithelial markers of inflammation &adal cell hyperplasia as well as
markers of gastric and intestinal differentiatichdpter 2, section 2.2.7). All miRNA

expression was normalised to RNU44 levels and mRMgression was normalised
to B-actin levels.

Table 4.1 summarizes the expression of the evaluaiB@NA and mMRNA markers.
The expression of miR-21, miR-143, miR-145, miR-184d miR-215 was
significantly higher and miR-203 and miR-205 exgres was significantly lower in
Barrett’'s oesophagus mucosa compared to both tgpesjuamous mucosa. The
expression of miR-143 (Figure 4.1), miR-145 (Figdr2), and miR-205 (Figure 4.3)
were also significantly higher in oesophageal madoem subjects with ulcerative
oesophagitis compared to control tissues. There wersignificant differences seen
between the 2 squamous mucosae (with vs witholuixjefior the expression of miR-
21, miR-194, miR-203 and miR-215.

Table 4.2 summarizes correlations between miRNAraRINA expression levels in
oesophageal mucosal biopsies from individuals witerative oesophagitis . There
were significant positive correlations between éx@ression of miR-143 andKas,
miR-143 andBMP4 miR-194 andCK8, miR-194 andCK20 miR-194 andsATA-4
miR-194 andHNF-1a, miR-194 andCDX2 miR-215 andCK8, miR-215and IL6.

miR-205 was correlated negatively withk 14



Table 4.1: miRNA expression in oesophageal mucosa from cbriwbjects,
individuals with ulcerative gastroesophageal reftlixease or Barrett's oesophagus.

Relative expression values are expressed as mgh&mx confidence intervals).

Barrett’s
oesophagus
Controls (n=13) Reflux (n=10) (n=20) P-value
miR-143 0.000157 0.000361 0.0102 <0.0001
(0.000171, 0.000317 (0.000160, 0.0013Q) (0.00600306)
miR-145 0.00846 0.0177 0.045 <0.0001
(0.00458, 0.0101) (0.00956, 0.0363) (0.0333, 0.911]
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 (9.7%7 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% 5.45% 0.0129 <0.0001
(-0.000180, 0.000716 (3.630.000128) (0.00940, 0.0290)

Comparison of 3 tissue types undertaken using theskal-Wallis test. Significant
differences were identified by post-hoc testingngsthe Holm-Bonferroni method.
Results of post-hoc testing: Control vs. Reflux iRmM43 (P=0.0101), miR-145
(P=0.0115) & miR-205 (P=0.00260), and Reflux varrBit's oesophagus - miR-
143 (P<0.0001) miR-145 (P=0.0012), miR-205 (P<01000niR-21 (p<0.0001),
miR-194 (p<0.0001), miR-203 (p=0.0002) & miR-21%<0(0001). The expression
data from Barrett’s oesophagus mucosa in this taatebeen published elsewhére

and reported in Chapter 3.



Figure 4.1: TagMar? analyses of relative miR-143 levels in normal sgoas
tissue, gastroesophageal reflux disease with uleeramesophagitis and Barrett’s
oesophagus. Data presented is median miR-143 akpmesormalised to RNU44
levels. 95% confidence intervals are shown for @assue group.
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Figure 4.2: TagMar? analyses of relative miR-145 levels in normal sgoas
tissue, gastroesophageal reflux disease with uleeramesophagitis and Barrett’s
oesophagus. Data presented is median miR-145 akpmesormalised to RNU44
levels. 95% confidence intervals are shown for @assue group.
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Figure 4.3: TagMar? analyses of relative miR-205 levels in normal sgoas
tissue, gastroesophageal reflux disease with uleeramesophagitis and Barrett’s
oesophagus. Data presented is median miR-205 akpmesormalised to RNU44
levels. 95% confidence intervals are shown for @assue group.
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Table 4.2: Correlations between miRNA and mRNA differentiatimarker
expression levels in oesophageal mucosa from iddals with gastroesophageal

reflux and ulcerative oesophagitis.

Gene of
MiRNA | 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 | HNF 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 v@uletermined using Spearman’s

test

4.3.1 Het-1A Cell Culture and miRNA over expression

To assess the impact of selected miIRNAs on pralien and apoptosis in
oesophageal epithelial cells miR-143, miR-145 drR+#D5 mimics were transfected
into Het-1A cells (Methods, chapter 2, section 2.,2a cell line derived from
oesophageal squamous tissd& Proliferation and apoptosis was measured 24 and
48 hr post transfection and results were comparextils transfected with miR-143,
miR-145 or miR-205 mimics and cells transfectedhwat negative control probe
(Methods, chapter 2, sections 2.2.6 & 2.2.7).

Figure 4.4 summarizes the effect of transfectingR1i3, miR-145 or miR-205
mimics into the cell line. Transfection induced remses in miR-143, miR-145 or

miR-205 levels were associated with significantlgcieased proliferation and



significantly increased apoptosis (p<0.05, Mann-Wy test). The median fold
increase in MiR-143, miR-145 and miR-205 levels,hddirs after transfection, is

presented in Figure 4.5.



Figure 4.4: Cell proliferation (A) and apoptosis (B) levelsthtet-1A cells 48h after
transfection with miR-143 (A: p=0.00567, B: p=0.38), miR-145 (A: p<0.0001, B:
p=0.001348) or miR-205 (A: p=0.000325, B: 0.00093ata are represented as a
percentage of the negative control. The mean stdreteor is shown for each group.
Decreased proliferation (A) and increased apopt¢Bis were observed for all
mMiRNAs.
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Figure 4.5: A comparison of relative miR-143, miR-145 and miB52evels 24

hr after transfection with a miRNA mimic. Relativ@gRNA levels were normalised
to RNU44 expression. Data points represent the ifuddease in miRNA levels in
MIiRNA mimic transfected cells compared with cellansfected with the negative

control probe. 95% confidence intervals are showrefich group.

1000007

Qo =

w o

o5

52 T

£ %

t’ | -

i L 4

8%

EE 1DDD{J-:

EQ

=R

2 L

[yia

s E

= £

1000 T T T

(np] [Ty Lo
= =t fa]
N o D
x x x
£ = £




4.3.2 Spatial expression of miR-143, miR-145 and miR-2086
oesophageal biopsies

To localise miRNA activity within the oesophagealensa in-situ hybridisation was
performed, probing against miRNAs elevated in dtge oesophagitis (chapter 2,
1.2.7). Prior to in-situ hybridization, standardnfeoxylin and eosin staining was
performed on a slide from each tissue biopsy tdioarthe tissue type. Hematoxylin
and eosin stained sections showed elongated papiid an enlarged basal layer,
consistent with known gastroesophageal reflux petioology (Figure 4.6-A).
Staining for miR-143 (Figure 4.6-B), miR-145 (Figu4.6-C) and miR-205 probes
(Figure 4.6-D) revealed similar expression pattetmseach other, with the most
intense staining seen in the basal layer of théhejum. Staining of both the
cytoplasm and nucleus was seen, with greater stpimtensity seen within the
nucleus in most cells. No staining was observetth Wie negative control duplex
(Figure 4.6-E).



Figure 4.6: miRNA in-situ hybridization analysis in oesophagealucosal
biopsies from patients with gastroesophageal reflod ulcerative oesophagitis. A:
Staining with hematoxylin and eosin. The basal dlayapillae and differentiated
squamous epithelium are clearly visible. B, C, @ & Hybridization with LNA-
probes for miIRNAs miR-143 (B), miR-145 (C) and nf2B5 (D), and LNA-negative
control (E). No hybridization was observed with tti¢A-negative control probe. A
region from each section has been magnified 100xA,l rounded nuclei in the
oesophageal epithelium are evident. B, C & D dethetcytoplasmic and punctate

nuclear staining observed for each miRNA.



4.4 Discussion

mMiRNA regulation of gene expression has been impid in most cellular
processe$® and as discussed in chapter 3 it probably playsola in the
development of Barrett’'s oesophagus and cancethefrole of miRNAs in this
development can be understood, then miIRNA expregsatterns might be useful
biomarkers for the clinical assessment and manageofeoesophageal cancer and
precursor pathologies. Chapter 3 compares miRNAesgon in hormal squamous
oesophageal epithelium with Barrett's oesophagubk slmows increased expression
of miR-21, miR-143, miR-145, miR-194 and miR-21Bdalecreased expression of
miR-203 and miR-205 in Barrett's oesophagus. Astrgasophageal reflux pre-
disposes to the development of Barrett's oesophangsits subsequent progression
to adenocarcinoma, further investigation of thesBMAs in the earlier context of
gastroesophageal reflux was undertaken.

4.4.1 Increased miRNA expression in patients with gastra®phageal
reflux disease correlates with mRNA differentiationmarker
expression

Elevated miR-143 and miR-145 levels are observdtaemesophageal mucosa from
subjects with gastroesophageal reflux with ulceeatbesophagitis, and this extends
the previous observation of elevated miR-143 anR-a¥5 expression in Barrett's
oesophagus epithelidffi (chapter 3, section 3.3) to an earlier stage e réflux -
Barrett's oesophagus - adenocarcinoma sequencerafins in miR-143 and miR-
145 expression might occur at an early stage in dbeelopment of Barrett's
oesophagus. In support, positive correlations warserved when comparing the
expression of miR-143 an@K8 and miR-143 andBMP4 in the oesophageal
mucosa from individuals with reflux. The BMP4 patwyvis activated in the
oesophageal mucosa in both ulcerative oesophagitisBarrett's oesophagus, and
this promotes the expression of columnar gene msifkeFurther,CK8is a known
marker of columnar epithefi&. Taken together, these correlations whiP4 and
CK8 support an association between elevated miR-148esgion and a columnar

cell phenotype. Also, miR-143 and miR-145 exp@sss still significantly higher



in Barrett's oesophagus mucosa compared to allstyfesquamous mucosa (Table
4.1). Therefore, if these miIRNAs have a role in thetaplastic conversion of a
squamous to a columnar cells they may need to reathreshold level before
metaplasia develops. Significant correlations wads® identified between miR-194
expression andCK8, CDX2, GATA%4and HNF1a mRNA levels. As discussed in
chapter 1, section 1.2.&€DX2, GATA4andHNF1a are key transcription factors that
determine the gastric and or intestinal epithglanotype and these are enriched in

Barrett’s oesophagis °* 24 2%

miR-215 levels also correlated witGBK8, a

columnar marker, andL6 an inflammatory marker which correlates with reflu
severity. However, neither miR-194 or miR-215 displayednifigantly elevated
expression in gastroesophageal reflux squamousetissthis study. Accordingly, it

is important not to over interpret these correlasio

4.4.2 Increased miRNA expression in patients with gastra®phageal
reflux disease may regulate proliferation and apopisis at the basal
layer of the oesophageal epithelium

Two major hallmarks of oesophageal squamous muecakee presence of ulcerative
oesophaygitis include increased proliferation andpapsi<' >* ? Given the known
association of miR-143, miR-145 and miR-205 withliferation and apoptosis their
function was assessed in the context of these laeljprocesses using a non-
neoplastic oesophageal cell ftA® Reduced proliferation and increased apoptosis
was observed in the cells following transfectiorihwiniR-143, miR-145 and miR-
205 mimics. Restoring miR-143, miR-145 or miR-20%ression in cancer cell
models has also been shown to reduce cell prdiiferand increase apoptoSts %>
209,211,228 Thjg study also used in-situ hybridisation toritify the spatial expression
of miR-143, miR-145 and miR-205 and identify whehese miRNAs might be
active in the oesophageal mucosa. In ulcerativegierjitis miR-143, miR-145 and
miR-205 staining intensity was greatest in the bdager of the oesophageal
epithelium, and it is possible that these miRNAgmidirect anti-proliferative and
pro-apoptotic effects within this layer. The prosgotic effects of transfection with
miR-143, miR-145 or miR-205 mimics may reflect tpaysiological apoptotic
response observed in the oesophagus following xeflyposure. However, the

reduction in proliferation suggests othervifsé'’ It is possible that up-regulation of



miR-143, miR-145 or miR-205, and the associated-@mntiferative effect, might
counterbalance hyperplasia in the basal layer ef desophageal epithelium. In
support of this, an inverse correlation was idéedifoetween miR-205 andK14 a
marker of basal cell hyperplasia and squamous rnagia. Taken together, these
results suggest that miR-143, miR-145 and miR-2@htrsuppress proliferation or

promote apoptosis in the basal layer of the oesgpgddaepithelium.

4.4.3 Nuclear localisation of miR-143, miR-145 and miR-2®

In-situ hybridization staining for miR-143, miR-14d miR-205 appeared to be
both nuclear and cytoplasmic. Nuclear staining heesn reported for miR-14% in
breast myoepithelium, but this study is the fistshow nuclear staining for miR-
143, miR-145 and miR-205 in the oesophagus. Nucleealisation of mature
mMIiRNAs is surprising, as they are typically knowm éxert their effects in the
cytoplasm. However, recent studies also describentitlear localisation of mature
miRNAs??® ??and suggest that nuclear miRNAs can direct bicigbrocessé2’.
For example, a recent study by Taft ef*8lsequenced THP-1 cell line RNA
obtained from the nucleus and found that the miR@Q%sluster was enriched in the
nucleus when compared with matched cytoplasmic REAd hypothesized this
cluster may be involved in epigenetic regulatioside the nucleus. Based on our in-
situ hybridisation results, miR-143, miR-145 andRAZ05 may regulate gene
expression in the nucleus of oesophageal epithediid.

4.4.4 Limitations

This study has some limitations. Firstly, thisdstudid not compare differences in
MIRNA expression between genders. Identifying défees in miRNA expression
between genders may help explain why males are i@k to develop Barrett's
oesophagus than femal&s Secondly, only miRNAs shown by Wijnhoven et4l.

to be differentially expressed between normal squamepithelia and Barrett's
oesophagus were assessed. As global miIRNA expneskanges were not assessed
it is possible that the expression of other miRNAgy be altered in response to

chronic reflux. Thirdly, a common transfection motl was used to increase



MIiRNA levels in Het-1A cells greater than physiot@y miRNA levels. This may
impact on the biological relevance. However, alagsresults were compared with

Het-1A cells transfected with a negative contrgbléx at similar levels.

4.4.5 Summary

This study has shown miRNA expression is altereth@oesophageal mucosa from
individuals with gastroesophageal reflux and ulteeaoesophagitis. These changes
in miR-143, miR-145 and miR-205 expression appedre most pronounced in the

basal layer of the oesophageal epithelium. In thrdext of gastroesophageal reflux
these expression changes might influence prolitavadnd apoptosis and thereby
regulate epithelial restoration. It is reasonabbe hypothesize that they could

represent early molecular events preceding theldprneent 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 pagnosis* * Studying
Barrett’'s oesophagus, a pre-malignant lesion, &edonly identifiable precursor to
oesophageal adenocarcinoma, provides an opportdaitynvestigate molecular

changes that may contribute to the developmentesbphageal adenocarcindtha
139

Although we observed differences in miRNA expressibetween Barrett's
oesophagus and oesophageal adenocarcinoma (TaBl¢éh8. implications of this
altered miRNA expression in oesophageal adenoaar@andevelopment (if any) are
unknown. It is clear that miRNAs play a role in pkstic development and
numerous studies have identified miRNAs actinguasour suppressots ** In this
capacity, they may regulate hallmarks of neopladageelopment, such as cellular
proliferation and apoptost¥. Chapter three describes decreased levels of M&R-1
miR-145 and miR-215 in oesophageal adenocarcinoompared with Barrett's
oesophagds® Chapter 3, section 3.4.5 also discusses miR-1d@ miR-145
regulation of proliferation and apoptosis and miEs2regulation of cell cycle
progression. These discussions highlight how dsekaexpression of miR-143,
miR-145 or miR-215 might contribute to a decreaseroliferative and apoptotic

control.

From the expression data in chapter 3 we hypotbedsizat miR-143, miR-145 or
miR-215 may act as tumour suppressors in Barre#®ophagus, and that restoring
their expression levels in oesophageal adenocaranwould reduce proliferation

and increase apoptosis. Key points for furtheryindluded testing this hypothesis,



and determining the location of miR-143, miR-14% aniR-215 biological activity

within Barrett’s epithelium.

The aims of this study were to:

1) Assess the impact of restoring miR-143, miR-&AmiR-215 on cell proliferation
and apoptosis, processes that contribute to oegephaadenocarcinoma

tumorigenesis.

2) Assess the location of miRNA activity within Beit’s oesophagus epithelium.

3) Investigate the global changes in gene expresiat occur in response to
restoring miR-143, miR-145 or miR-215 expressiom@sophageal adenocarcinoma

and quantify protein levels of genes relevant wifaration and apoptosis.

In this study regulation of proliferation and apags by miRNAs was evaluated
following transfection of an oesophageal adenooaroa cell line (OE-19) with
miR-143, miR-145 or miR-215 mimics. After increagimiR-143, miR-145 or miR-
215 levels, global changes in gene expression assessed at the RNA level by
MRNA array and real time PCR, and at the proteuell®y Western blot. miRNA
expression was localised in oesophageal mucosa inoiwiduals with Barrett's

oesophagus and oesophageal adenocarcinoma usitg m/ridisation.

5.2 Results: OE-19 cell culture and miRNA over-expressi

To assess the impact of miRNA down regulation isopdageal adenocarcinoma on
proliferation and apoptosis miR-143, miR-145 or RAES were over expressed in
OE-19 cells (Methods, Chapter 2, section, 2.2.8)pasophageal adenocarcinoma
derived cell line. Three separate transfection erpmts (labelled (1), (2) and (3) in
Figure 5.1) were performed for each of miR-143, #i#® and miR-215. In these
transfection experiments, varying increases in mARMvels were observed
compared with negative controls (Figure 5.1 A — @®NA harvested from

transfection experiment (1) was used for mRNA am@maglysis and PCR validation



of mMRNA array indicated increases in mRNA exprassiBrotein harvested from
transfection experiment (2) was used for westeoh ahalysis. RNA harvested from
transfection experiment (3) was used for PCR vébdaof mRNA array indicated

decreases in mMRNA expression. Transfection expatitheee (miR-143 (3)) did not
appear to increase miR-143 levels when comparel thié negative control. In
addition, overall transfection of miR-143 resultadnuch lower increases in miRNA
expression when compared with the increases ol$éoveniR-145 and miR-215 24
hr post transfection. miRNA over expression wasoeissed with significantly

decreased proliferation and significantly increaapdptosis (Figure 5.2 A - B).



Figure 5.1 (A — C): A comparison of relative miR-143 levels (A), miREL{evels
(B) and miR-215 levels (C) 24 hr after transfectioith a miRNA mimic. Relative
MIRNA levels were normalised to RNU44 expressiohre€ separate transfection
experiments were performed and varying increasesiRNA levels compared with
negative controls were observed. Data points reptethe fold increase in miRNA
levels in mIRNA mimic transfected cells comparedhaeells transfected with the

negative control probe.
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Figure 5.2 (A — B): Cell proliferation (A) and apoptosis (B) levels @E-19 cells
were assessed 24 & 48h after transfection with &4R; miR-145 or miR-215 (n=8
for each miRNA). Data are represented as a pergentd the negative control.
Increased miRNA expression levels were confirmedefach of miR-143, miR-145
and miR-215 and are shown in transfection group dflfFigure 5.1. Decreased
proliferation (A) was observed for miR-143 (24 pr0.164; 48 hr: p=0.0312), miR-
145 (24 hr: p=0.0111; 48 hr: p=0.000931) and mik-224 hr: p=0.0262; 48 hr:
p=0.000931) while increased apoptosis (B) was okserfor miR-143 (24 hr:
p=0.00690; 48 hr: p=0.0205) and miR-215 (24 hr:.p80155; 48 hr: p=0.00160).
All negative control - miIRNA mimic comparisons weassessed for significance
(p<0.05) using the Mann-Whitney test.
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Decreased proliferation and increased apoptosis eadirmed in independent
transfection experiments (n=2 experimental repéisat In the second transfection
experiment, decreased proliferation was confirm@dniiR-143 (24 hr: p=0.185; 48
hr: p=0.0140), miR-145 (24 hr: p<0.0001; 48 hr: BAD7) and miR-215 (24 hr:
p=0.0316; 48 hr: p=0.0192) while increased apoptags confirmed for miR-143
(24 hr: p=0.08213; 48 hr: p<0.0001) and miR-215 (@4 p=0.0821; 48 hr:

p=0.000445).



5.2.1 Changes in gene expression post miRNA transfection

Changes in global gene expression were assesseldr Z¥bst transfection by
microarray analysis (Methods, chapter 2, sectich9). However, after routine
statistical analysis and step-up adjustment (ANOWAh multiple statistical
comparisons Benjamini-Hochberg p-value adjustif@nt(Methods, chapter 2,

section 2.2.9) no genes were indicated as beirgréiftially expressed.

Changes in mRNA levels in response to targetingnfrmiRNAs can be small in
magnitudé®* 3% For example, studies by Selbach ef*aland Lim et af** used
MRNA arrays to assess mMRNA levels in HeLa celleraficreasing miRNA levels.
Selbach et & reported that miRNAs directed numerous small desee in mMRNA
levels, in the order of 20-50% (See supplementagyre S5°), while Lim et a***
reported decreases in mMRNA levels as low as 40% ggpplementary Tabl&).
As the current array experiment only used 3 repigdor each miRNA or negative
control mimic, it was hypothesised that small cltemgn mMRNA expression may
occur, but due to the limited number of techniaglicates in the experiment the
changes would fail to produce data robust enoughpdes multiple statistical

comparisons adjustment.

To further assess the data, student-t statisticalyais (unpaired, two tailed, equal
distribution) was performed on the mRNA array ddtawas acknowledged that
using the student t-test statistical analysis woulctease the detection of false
positive changes in mMRNA expression. However, usitugient-t statistical testing,
preliminary analysis of the mRNA array data idaatif small but statistically

significant (p<0.05) changes in mRNA expressioner€fore, | aimed to use PCR
(Methods, chapter 2, section 2.2.3) to quantittivalidate changes in genes that
had known roles in regulating proliferation and pjosis and were indicated as

being significantly differentially expressed (p<B)0n the mRNA array.

In all PCR experiments mRNA levels were assessid) TagMarf gene expression
assays (Primer details, chapter, 2.2.3) and cordpar®&NA from cells transfected
with miR-143, miR-145 or miR-215 with RNA from celltransfected with the



negative control. Potential differences in genereggion were assessed for statistical

significance via a student-t statistical analysis.

The main aim of the mRNA array analysis was to ifigmiRNA target genes (i.e.
down regulated mRNASs). However, the first PCR \atiioh step involved assessing
the expression of genes indicated by the mRNA aasafiaving the greatest change
in expression, as these changes were hypothestsdoke tlarge enough to be
quantitatively validated. For step one of the PGRlgsis, a 20% change in gene
expression compared with the negative control gnap required. This cut-off was
chosen because it corresponded to the lower ertleothanges in mRNA levels
observed in studies by Selbach et®3l.Seven genes reached >20% cut-off and had
validated roles in either proliferation or apoptoélable 5.1). However, all of these

genes were indicated by the mRNA array as beingegplated.

Genes up regulated greater than 20% on the archyded Cbp/p300-interacting
transactivator, with Glu/Asp-rich carboxy-termirddmain, 2 CITED2),early
growth response (EGR1),dual specificity phosphatase 1IDYSP10),SLAM

family member 7$LAMF7)and GTP binding protein over expressed in skeletal
(GEM) after transfection with miR-14&%EM andDUSP10after transfection with
miR-145 andDUSP10, GEMankyrin repeat domain ANKRD1)and cysteine-rich,
angiogenic inducer, 6 C{Y R61)after transfection with miR-215 (array indicated

increase and p-value shown in Table 5.2).

PCR analysis showed increased expressio@ldED2, EGR1, DUSP1GBLAMF7
andGEM after transfection with miR-14&EM after transfection with miR-145 and
DUSP10, GEM, ANKRDland CYRG61 after transfection with miR-215 (PCR

validated increase and p-value shown in Table 5.2).

Step one of the PCR analysis demonstrated thattident-t statistical analysis could
be used to identify changes in mRNA expression, #rabse changes could be
quantified using PCR. Interestingly, the fold irase in mRNA levels shown via
PCR was much greater in magnitude compared withpreentage increase in
MRNA levels indicated via the mRNA array (Table )5.Zhis result provided

confidence that the >20% cut-off may not be requmad therefore this cut-off was



removed from the gene selection criteria. In additias increasing miR-143, miR-
145 or miR-215 levels in OE-19 cells is known tduee proliferation or increase
apoptosis (Figure 5.2) the accuracy of the stutlantalysis might have been further
increased by only assessing the expression of gam®sn to be involved in these

cellular processes.

Table 5.1: Shows the genes that were both indicated by th&lARrray to be
increased >20% and validated to play a role in@dptosis and or 2) proliferation.

The biological model used in each study and thereeice/s are also provided.

Transfected Gene Gene function in proliferation
miRNA Name and/or apoptosis Biological model
1) 1 induces apoptosts.
2) t decreases cell 1) colorectal cancer ceffS.
proliferatiorf>°. 2) colorectal cancer ceff§.
miR-143 CITED2
1) 1 induces apoptosis. 1) neuroblastoma ceff¥.
miR-143 EGR1
miR-143, 2) 1 decreases cell proliferatitfi | 2) prostate cancer ceifé
miR-145 or
miR-215 DUSP10
1) 1 induces apoptoss. 1) human natural killer ceft¥,
miR-143 SLAMF7
miR-143, _ . 2) human peripheral blood T
miR-145 or 2) 1 decreases cell proliferatitfi | cells*.
miR-215 GEM
1) 1 induces apoptosis. 1) lung carcinoma cefl$

miR-215 ANKRD1

1) 1 induces apoptosis.
2) 1 decreases cell 1) human skin fibroblast¥.
proliferatiorf*: 2) endometrial cancer ceifd

miR-215 CYR61




Table 5.2 PCR analysis of gene expression levels 24 hr afiasfection with miR-
143, miR-145 or miR-215. Mean gene expression walnermalised to 18S are
shown for seven genes indicated by mRNA array asgbi@creased after miRNA

transfection. The fold increase in gene expresswdicated by mRNA array and

PCR analysis are also shown.

mMRNA array
indicated fold PCR indicated
Transfected PCR - Mean Expressior] PCR - Mean Expressior} increase in mRNA| fold increase in
miRNA Gene Name | (miRNA mimic) (negative control) level mRNA level
7.93x10° 2.72 x1¢ 0.222 2.91
miR-143 CITED2 (-1.07x107, 1.59x10) (1.83 x1¢, 3.61 x1() | (p=0.0477) (p=0.0500)
5.68 x10° 1.60 x10° 3.55
miR-143 EGR1 (4.88 x1C°, 6.47 x1F) | (1.43 x1(, 1.85 x1(®) | 0.246 (p=0.00312)| (p<0.0001)
5.36 x1¢f 1.56 x10° 3.43
miR-143 DUSP10 (1.82 x10, 8.89 x1F) | (1.27 x1(F, 1.86 x1&F) | 0.308 (p=0.00207)| (p=0.0101)
213 x1¢ 6.39 x10’ 3.33
miR-143 SLAMF7 (-3.59 x10, 4.63 x1F) | (4.50 x10/, 8.27 x10) | 0.204 (p=0.00229)| (p=0.0618)
3.39 x10° 6.90 x10° 0.367 4.91
miR-143 GEM (4.00 x1, 6.39 x1®) | (5.28 x1(, 8.52 x1F) | (p=0.0001048) (p=0.0178)
4.42 x1¢f 1.57 x1¢f 2.82
miR-145 DUSP10 (-1.61 x107, 9.01 x1¢) | (1.28 x1°, 1.86 x1() | 0.587 (p=0.00225)| (p=0.0556)
2.36 x1C° 6.89 x10° 0.281 3.42
miR-145 GEM (6.32 x1CF, 4.08 x1F) | (5.27 x1¢, 8.51 x1¢F) | (p=0.0235) (p=0.0144)
2.77 x1¢f 1.57 x10° 1.76
miR-215 DUSP10 (1.80 x1¢, 3.73 x10) | (1.27 x1¢?, 1.86 x1¢) | 0.277 (p=0.00137)| (p=0.0069)
2.02x10° 6.90 x1¢f 0.364 2.92
miR-215 GEM (9.77 X1, 3.07 x1®) | (5.28 x1(F, 8.52 x1¢F) | (p=0.000146) (p=0.0056)
5.84x10° 1.29x10° 450
miR-215 ANKRD1 (4.70 x1¢, 6.97 x10F) | (1.11 x1C, 1.47 x1&) | 0.336 (p=0.00189)| (p=<0.0001)
5.33 x1¢f 2.65 x1¢Ff 0.220 2.01
miR-215 CYR61 (4.05 x1, 6.60 x1¢F) | (2.18 x1%, 3.11 x1¢F) | (p=0.0115) (p=0.0011)




Step one of the PCR analyses only assessed indred®BA expression. In keeping
with biological context of miIRNA action, step twd the array analysis sought to
identify mRNAs that might be repressed by increggire levels of miR-143, miR-
145 or miR-215.

The mRNA array data indicated that the significdetreases in mRNA expression
were quite small in magnitude (The top 40 genescatdd by student-t test to be
significantly down regulated for each miRNA are whoin Appendix 2, Tables
A.2.1 — A.2.3). To provide confidence for assessihgse small array indicated
decreases in mMRNA expression the array data setssasched for significant
decreases in the expression level of predicted mR&tgets (miRecords, target
prediction search 14 June 2010) of miR-143, miR-448 miR-215. miRecords was
chosen for miRNA target prediction as it incorpesatesults from the leading target
prediction algorithms including DIANA-microT and figetScanS (Target prediction
programs reviewed in chapter 1, section 1.3.5. dtalt the miRecords target
prediction program incorporates data from 11 tapgyetiction algorithms including,
DIANA-microT 3.0, TargetScanS, Micro Inspector, maiitla, Mir Target 2, mi
Target, NB miRTar, PicTar, PITA, RNA22, RNA hybrid.

The mRNA levels of a number of predicted targetsndR-143, miR-145 and miR-
215 were indicated via array to be significantlgm@ased (Table 5.3). The predicted
targets listed in Table 5.3, were identified byefior more of the prediction
algorithms used by miRecords, with all targets bepredicted by TargetScanS
(www.targetscan.ong These genes (Table 5.3) were selected for PCHRysis in

step two. This PCR analysis identified significdetreases in H2A histone family,
member X(H2AFX), RTKNand poly(A) binding protein, cytoplasmic £ABPC4)
expression (Table 5.4 and Figures 5.3 — 5.5).



Table 5.3: mMRNA array data shows decreased mean mRNA expressvels of

predicted miRNA targets (target prediction seardhJline 2010) after transfection

with miRNA mimics of miR-143, miR-145 or miR-215 ropared with the negative

control.

MRNA array

indicated fold
Transfected | Gene Mean Expression | Mean Expression decrease in
mMiRNA Name (MiIRNA mimic) (negative control) MRNA level p-value
miR-143 NUAK2 | 3.814 4.084 -7.093 0.012p
miR-143 PC 5.447 5.738 -5.347 0.03Q9
miR-145 RTKN 6.494 6.749 -3.915 0.013p
miR-145 H2AFX | 6.165 6.684 -8.424 0.015p
miR-215 PABPC4 7.077 7.731 -0.238 0.0322
miR-215 MECP2 | 5.857 6.131 -4.679 0.0212

Table 5.4: PCR analysis of gene expression levels 24 hr &tiesfection with miR-

143, miR-145 or miR-215. Mean gene expression walomermalised to 18S are

shown for six genes indicated by mRNA array as dpedecreased after miRNA

transfection. The fold decrease in gene expresgiamtified by PCR analysis and p-

value are shown.

Decreased
expression
indicated after p-value
transfection p-value on| Mean Expression Mean Expression from PCR
Gene ID | with: array (MIRNA mimic) (negative control) analysis
NUAK?2 143 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
145 0.0135( 2.99 (1.83, 4.15) 6.68 (4.99, 8.37) 0.0007(
H2AFX
145 0.0150( 10.7 (8.02,13.4) 22.0 (16.7, 27.4) 0.0004(
PABPC4
215 0.0322| 6.96 (5.10, 8.83) 16.5 (12.4, 20.6) <0.0001
MECP2
215 0.0212| 0.918 (0.665, 1.17) 1.03 (0.774, 1.29) 0.487

0

0



Figure 5.3: TagMarf gene expression analyses of relative H2AFX legelslines
24 hr after transfection with either a miRNA minoc a negative control scramble
probe. Data presented is mean H2AFX expression almed to 18S levels. 95%

confidence intervals are shown for each group.
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Figure 5.4: TagMarf gene expression analyses of relative RTKN levelislioes 24
hr after transfection with either a miRNA mimic ar negative control scramble
probe. Data presented is mean RTKN expression rigedato 18S levels. 95%

confidence intervals are shown for each group.
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Figure 5.5: TagMarf gene expression analyses of relative PABPC4 laadldines
24 hr after transfection with either a miRNA minoc a negative control scramble
probe. Data presented is mean PABPC4 expressianatised to 18S levels. 95%

confidence intervals are shown for each group.
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5.2.2 Changes in protein expression post miRNA transfeain

While attempting to validate the mRNA expressioraraes presented above |
sought independent evidence that biologically retévmiRNA target protein levels
were repressed after increasing miRNA expressiontro. Therefore, protein levels
of selected validated miR-143, miR-145 or miR-2Hsgéts were assessed by
western blot. Western blotting was carried out ootgin samples extracted 24 hr
post transfection using methods and antibodiesritbestin chapter 2, section 2.2.10.
Validated targets of miR-14¥¢Ras>?), miR-145 RTKN® YES®) and miR-215

171
)

(denticleless homolog (Drosophild)TL) ") were chosen for assessment by western

blot, as they are known to be involved in eithesliferation or apoptosis® 6% 162
171

Western blot analysis also involved assessing pmeglicted target of miR-143,
Histone Deacetylase 7 (HDACT7). The rationale faeasing HDACY is described as



follows. Increased mRNA expression of the pro aptptgené® CITED2 was
observed after increasing miR-143 levels (Table).5& review of the literature
identified evidence of butyrate mediated histonace¢ylase (HDAC) inhibition
triggering an increase iGITED2 expressioft® and, selective inhibition diDAC7
inducing apoptosis in cancer céffs As HDAC7 was listed as a predicted target of
miR-143 in the miRecords search described in se&id.2 it was hypothesized that
miR-143 might represeiDAC7 protein expression to direct an increase in apto
at least in part through the up regulationGTED?2 expression. To provide support
for this miR-143 mediated mechanism of apoptosiBAB7 protein levels in miR-
143 transfected cells were also assessed via weslet 24 hr post miR-143

transfection.

Results of the western blot analysis are shownvb@oTable 5.5. Of the proteins
assessed by western blot KRAS showed increaseadssipn, while HDAC7 and
RTKN showed decreased expression (Figures 5.6 - B#@ results of the western
blot ananysis o¥ ESandDTL protein levels are also shown (Figures 5.9 and)5.10



Table 5.5: Results from the western blot analysis of protiEvels 24 hr after

transfection with a miRNA mimic or negative contrétesults shown are mean
normalised band intensity with the band intensdy éach protein assessed being
normalised to GAPDH band intensity. Potential dd#feces in normalized band

intensity were assessed for statistical signifieae<0.05) via student-t statistical

analysis.
Expression Mean Mean p-value from
assessed after| Expression Expression western blot
Band Size | transfection (miRNA (negative band intensity

Protein (kDa) with: mimic) control) comparison
miR-143 0.234 0.136

KRAS 21 (n=8) (0.140, 0.328) | (0.107,0.166)] 0.034
miR-145 1.022 1.52

RTKN 62 (n=8) (0.611, 1.43) (1.27, 1.77) 0.046
miR-145 0.227 0.226

YES 58 (n=12) (0.143,0.310) | (0.154, 0.299 0.995
miR-215 0.144§ 0.170

DTL 95 (n=12) (0.102,0.188) | (0.124,0.216 0.367
miR-215 0.145 0.164

DTL 77 (n=12) (0.103,0.187) | (0.125, 0.203 0.468
miR-215 0.610 0.68

DTL 28 (n=12) (0.419, 0.803) | (0.399, 0.979 0.235
miR-143 0.195 0.310

HDAC7 102 (n=8) (0.143, 0.247) (0.220, 0.401 0.021




Figure 5.6: Western blot analysis of KRASK{Ras>? protein expression in whole
cell lysate 24 hr after transfection with eitheméRNA mimic or a negative control
scramble probe. Mean KRAS band intensity was nasealto mean GAPDH (34
kDa) band intensity. GAPDH band intensity was aledi after re-blotting of the

same membrane used to detect KRAS).
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Figure 5.7: Western blot analysis of RTKN (62 kY9 protein expression in whole
cell lysate 24 hr after transfection with eithem&®NA mimic or a negative control
scramble probe. Mean RTKN band intensity was nasedlto mean GAPDH (34
kDa) band intensity. GAPDH band intensity was aiediafter re-blotting of the

same membrane used to detect RTKN).
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Figure 5.8: Western blot analysis of HDAC7 (102 kDa) proteipmssion in whole
cell lysate 24 hr after transfection with eithem&®NA mimic or a negative control
scramble probe. Mean HDAC7 band intensity was nbsedto mean GAPDH (34
kDa) band intensity. GAPDH band intensity was aiediafter re-blotting of the

same membrane used to detect HDACY.
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Figure 5.9: Western blot analysis of YES (58 kDa) protein espien in whole cell

lysate 24 hr after transfection with either a miRN#mic or a negative control

scramble probe. Mean YES band intensity was nosedlto mean GAPDH (34
kDa) band intensity. GAPDH band intensity was aiediafter re-blotting of the

same membrane used to detect YES.
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Figure 5.10:Western blot analysis of DTL (95, 77 and 28 kDajtgin expression in
whole cell lysate 24 hr after transfection withheit a miRNA mimic or a negative

control scramble probe. Mean DTL band intensity wasnalised to mean GAPDH
(34 kDa) band intensity. GAPDH band intensity whtamed after re-blotting of the

same membrane used to detect DTL.
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Figure 5.11 — 5.15: miRNA in-situ hybridization analysis in oesophagsgalcosal
biopsies from patients with Barrett’'s oesophagu} (Agh grade dysplasia (B) and
oesophageal adenocarcinoma (C). Hybridization wiibhA-probes for miRNAs
miR-143 (Figure 5.11), miR-145 (Figure 5.12), mik52 (Figure 5.13), LNA-
negative control (Figure 5.14) and U6 (Figure 5.1B)ense miR-143, miR-145 and
miR-215 staining was observed in Barrett’'s oesopbagctions (Figures 5.11 — 5.13
A), while no staining was observed for these miRNAdigh grade dysplasia or
oesophageal adenocarcinoma tissue (Figures 5.113-B& C). * is used to mark
the presence of muscle tissue in the oesophagealoadrcinoma sections. These
regions stain positive for miR-143 and miR-145 bat miR-215. No hybridization
was observed with the LNA-negative control probeg(fe 5.14 A — C). Intense
staining for positive control U6 was observed ingthigrade dysplasia and
oesophageal adenocarcinoma sections (Figure 5.1% ®) showing that these

sections are not refractory to staining.



5.2.3 miR-143, miR-145 and miR-215 are detected in the gpts of
Barrett's oesophagus but are not detected in oesopbeal
adenocarcinoma

In situ hybridization analysis (Methods, chapters2ction 2.2.8) shows miR-143
(Figure 5.11), miR-145 (Figure 5.12) and miR-215g(ffe 5.13) are detected
throughout the Barrett’'s oesophagus epithelium witiense staining in the crypts
(Figures 5.11 A, 5.12 A and 5.13 A). Staining foiRa143, miR-145 and miR-215
could not be detected in high grade dysplasia (Eg6.11 B, 5.12 B and 5.13 B) or
oesophageal adenocarcinoma sections (Figures 5.5311Z C and 5.13 C) or in the
Barrett’'s oesophagus, high grade dysplasia or desggal adenocarcinoma sections
probed using the negative control (Figure 5.14 A& B). The high grade dysplasia
sample used for in-situ hybridisation was definedcarcinoma in-situ as it was
obtained from a patient where no invasive cances detected. As miR-143, miR-
145 and miR-215 were not detectable in high graglspldsia or oesophageal
adenocarcinoma sections, in-situ hybridisation wsed to probe for the small RNA
housekeeping gene and positive control U6. Intates@ing for U6 was observed in
both high grade dysplasia and oesophageal adeiomar@ sections (Figure 5.15 A
& B) indicating that these sections were not rdfsacto staining. U6 staining was

not performed on sections of Barrett’'s oesophaigssi¢.

Nuclear localization of miRNAs in Barrett's Oesoplas epithelia

Chapter 4 presented ISH data showing that miR-¥R;145 localised to nuclei in
the oesophageal squamous epithelium. In this stythplasmic staining could not
be identified for miR-143, miR-145 or miR-215 inHSarried out on sections from
Barrett’'s oesophagus epithelia. Distinguishing iclaeclear and cytoplasmic staining
in Barrett’'s oesophagus sections was not possibée td the majority of the cell
being almost completely filled with mucus. The higlucus content compresses the
cytoplasm and nucleus into a small area (Dr DavadllA histopathologist Dept of

Anatomical Pathology, personal communication).



5.3 Discussion: miR-143, miR-145 and miR-215 act as tum
suppressors in oesophageal adenocarcinoma

miRNAs have been shown to act as tumour suppregsansiny different cancets
24> For miRNAs acting as tumour suppressors, deceasBNA expression leads
to loss of regulatory control of many cellular pesses required for maintaining
tissue homeosta&fs Chapter 3 describes decreased expression of ABRMIR-145
and miR-215 in oesophageal adenocarcinoma compangth Barrett's
oesophagus’ Decreased miRNA expression in oesophageal adeiocma might
provide an opportunity for biomarker developmentdse in the clinical assessment
and management of oesophageal cancer. Also, iga#istn into the location of
MIiRNA expression in Barrett’'s oesophagus and oemggdl adenocarcinoma might
help identify where lost miRNA function might coilute to neoplastic progression,
and also identify specific regions of the canceroegithelium to target
therapeutically. As Barrett’'s oesophagus can pssyrhirough varying grades of
dysplasia to oesophageal adenocarcinoma, and dedreaiRNA expression has
been shown to contribute to cancer developmens, shidy aimed to assess the

consequences of decreased miRNA expression in bagepl adenocarcinoma.

5.3.1 Proliferative and apoptotic effects of restoring mRNA expression
in oesophageal adenocarcinoma

To investigate the effects of increasing the exgoesof miRNAs known to be down
regulated in oesophageal adenocarcinomiér-143, miR-145 and miR-215 levels
were increased in oesophageal adenocarcinoma d€IE-19). Decreased
proliferation and increased apoptosis is obsenaly & the progression of Barrett's
oesophagus to oesophageal adenocarciff6nid Given the known association of
miR-143, miR-145 and miR-215 with proliferation aapoptosis, their function was
assessed in the context of these cellular proce$®educed proliferation and
increased apoptosis was observed in OE-19 cell®winlg over expression of miR-
143, miR-145 and miR-215 mimics. These results stmtudies in other cancer cell
models where increased miR-143, miR-145 or miR-2¢pression has also been
shown to reduce cell proliferation and increasepapsis®’” %" 248230 Decreased



miR-143, miR-145 or miR-215 expression likely cdmites to the aberrant
regulation of proliferation and apoptosis in oesaggml adenocarcinoma and
therefore, restoring this decreased miRNA expressiay be of therapeutic benefit

in vivo.

5.3.2 Loss of miRNA function in the crypts of Barrett's cesophagus
epithelia may contribute to the development of oegphageal
adenocarcinoma

To assess the location of miIRNA function in Bafsetbtesophagus and identify
regions where loss of miRNA function might conttiduto abnormal proliferation
and apoptosis, in-situ hybridisation was used wmberfor miR-143, miR-145 and
miR-215. In Barrett’'s oesophagus miR-143, miR-148 miR-215 staining intensity
was greatest in the crypts of the epithelium. Tlwees it is possible that these
mMiRNAs might regulate proliferation or apoptosisthvim these areas. Dysplasia in
Barrett’'s oesophagus, a key step in adenocarcindezlopment, appears to
originate from Barrett’s oesophagus cryptsand the highest degree of abnormality
is generally seen in the deep regions of cryptppsed to surface epithelia It is
possible that loss of miR-143, miR-145 or miR-2Dlfpression may occur in
dysplastic crypts and this could disrupt the badartetween proliferation and
apoptosis, contributing to glandular crowding, & kallmark of dysplasfa’. When
assessing oesophageal sections from areas of hegle glysplasia miR-143, miR-
145 and miR-215 staining was not detected suggeshiat regulatory control of
proliferation or apoptosis by these miRNAs may & prior to the development of
oesophageal adenocarcinoma. However, while thengdx$@lecrease in miR-145 in
dysplastic tissue is in keeping with work by Banealal®®®, the ISH analysis of
dysplastic tissue presented above was obtained drmarpatient and therefore future

studies should assess multiple patients to pravides conclusive data.



5.3.3 miRNA directed changes in gene expression may coitiute to
altered proliferation and apoptosis

Global gene expression was assessed via mMRNA aday after increasing miR-
143, miR-145 or miR-215 levels to identify miRNAdimced changes in gene
expression that might contribute to the observaticgon in proliferation and/or

increase in apoptosis.

Decreased H2AFX levels

Down regulation of H2A histone family, member HZAFX) mMRNA expression was
observed after increasing miR-145 levels. H2AFX &asle in cellular response to
DNA damagé*®® and decreaseti2AFX expression is associated with both
increased rates of apoptosis and increased setysiivapoptotic inductioft” 2°2
Similarly, miR-145 expression is induced in respots DNA damag®®. Barrett's
oesophagus epithelium is associated with high $e@€IDNA damag&* and miR-
145 expression’. Elevated miR-145 expression in Barrett’s epitimlimay in part
be due to exposure to acid and/or bile {$emdincreased miR-145 expression in
patients with gastroesophageal reflux disease,tehah Figure 4.2). Given that
reducedH2AFX expression is observed after increasing miR-1¢8l¢eit is possible
that a miR-145 mediated decrease H2AFX levels might be an important
contributor to regulating apoptosis after DNA damagaused by acid and/or bile

exposure.

Decreased RTKN levels

Decreased RTKN mRNA and protein expression wasrabdeafter increasing miR-
145 levels. Luciferase reporter assays were nad tseconfirm direct targeting of
RTKN by miR-145 (See Wang et '4P). However, the western blot analysis of
protein expression provides strong support foraitargeting of RTKN by miR-145
in Barrett’'s oesophagus, with this function likebeing lost in oesophageal

adenocarcinoma.



IncreasedRTKN levels promote cell survival throughFKB dependent down
regulation of anti-apoptotic gerfé$ Increased miR-145 expression has been shown
to increase apoptosis and decrease proliferatiobreast cancer cells by targeting
RTKN® RTKNIlevels have not previously been studied in Bdgetesophagus or
oesophageal adenocarcinoma. However, RTKN levelgnareased in gastric cancer

promoting cell survivaf®. Further, miR-145 levels are decreased in thicea

The results of the current study did not providepmart for miR-145 directing
increased apoptosis. However, given the resultsViapg et at®® they do indicate
that increased miR-145 expression in oesophagealog@drcinoma may contribute to
the observed decrease in cell proliferation, astl@apart through targeted repression
of RTKN ISH results suggest that the function of miR-1g3ost in high grade
dysplasia (S€8° and Figure 5.10B). Therefore, decreased miR-14%ession in
dysplasia could result in a loss of regulatory canbver RTKN and this may

contribute to the abnormal levels of proliferatseen in dysplastic epithelia.
Decreased PABPCA4 levels

Decreased poly(A) binding protein, cytoplasmidPABPC4 mRNA expression was
observed after increasing miR-215 levels. Decre@®BPC4expression has been
shown to direct reduced cell growth in E6 oncogrobmmortalized keratinocyté%'

at least in part by reducing telomerase reversesti@gptase {(TERT) activity. While
PABPC4 levels have not been assessed in dysplasia anddpleegeal
adenocarcinoma&)TERTactivity is up regulated in these tissue typesGiven that
miR-215 has been shown by others to regulate celifgratiort®’, decreased miR-
215 expression in high grade dysplasia and oes@ahaglenocarcinoma might lead
to increases in PABPC4 and hTERT expression, daing to an increase

proliferation.
miR-143 mediated apoptosis, links with CITED2 andAC7
IncreasedCITED2 mRNA expression and decreased HDAC7 protein espesvas

observed after increasing miR-143 levels. DecreaSHBED2 expression is

associated with increased proliferation and invastapacity in colon cancéf,



while increasedCITED2 expression promotes apoptosis in ulcerative coiitis
Therefore, targeted suppressionGITED2 in oesophageal adenocarcinoma may be

of therapeutic benefit.

Further, studies show that butyrate mediated HDARIbition triggers increased
CITED2 expressioft®. Also, selective inhibition oHDAC7 alone induces apoptosis
in uterine sarconf&’. Therefore, the decreased HDAC?7 levels seen afteeasing

miR-143 levels provide support for an apoptotic heeasm mediated by miR-143.
This mechanism involves increased miR-143 exprassidirecting decreased
HDAC7 expression, which in turn increas€3ITED2 expression to promote
apoptosis. While this mechanism has not been link#dd Barrett's oesophagus,
studies by Gonzalez et &Ff have linked decrease@ITED2 expression with

increased apoptosis in response to DNA damagd|radr of reflux exposure and a
likely contributor to the development of Barretdesophagué ** #** Therefore, this

mMiR-143/HDAC7/CITED2 mechanism of apoptosis migatam important regulator
of apoptosis in Barrett’'s oesophagus. This mechamsay be inactivated due to
decreased miR-143 expression in oesophageal ademmraa, promoting apoptotic

resistance and invasion.
KRAS and miR-143 mediated apoptosis

Western blot analysis identified increased KRASgirolevels. These results are not
in keeping with those of others showing decreasBA& expression after increasing
miR-143 level§? %4> 248

While it is unknown whether KRAS expression fludks in proliferating cell
populations, we speculated that at the time ofsfeantion, some cell populations
might have expresséfiRASat higher levels than others. In light of this ggdation,
we hypothesized that these increased KRAS levelghtmconfer a selective

advantage.

Studies by Wislez et 4f* show that chemokine (C-X-C motif) receptor@{CR3J
is induced in alveolar epithelial cells BJRAS Interestingly,CXCR2expression has

been shown to inhibit apoptosis in ovarian cafiéerand also protect against



apoptotic induction from interferon-gamma in mouslegodendrocyte progenitor
cell®. While CXCR2levels have not been studied in oesophageal adezinoma,
increased expression is observed in gastric caticeFaken together, the links
between KRAS induced CXCR2 expression, CXCR2 medigrotection against
apoptosis, and CXCR2 over expression in gastriccexanprovide support for a
mechanism where transfected cells with the higleesls ofKRASexpression might
be protected against miR-143 mediated apoptotiaation, at least in part via a
KRASmediated increase MXCR2expression. While speculative, this mechanism of
apoptotic protection could select for a populatwincells with increasedKRAS
expression and account for the increas&®ASprotein expression observed after

miR-143 transfection.

5.3.4 The fold increase in miR-143 post transfection waswer than miR-
145 and miR-215

miR-143 directed repression of genes involved igulating cell proliferation and
apoptosis by miR-143 could not be validated by P@Rwestern blot analysis.
However, in general, the increase in miR-143 leadtsr transfection were small
when compared with the increased miRNA levels ole@iafter transfecting miR-
145 or miR-215 (Figure 5.1). Also, miR-143 levelsre not significantly increased
in the RNA used for these experiments (Figure miR-143 (3)).

While the increase in miR-143 levels after trangséecwas much lower than that of
miR-145 or miR-215 a distinct decrease in prolifiera and increase in apoptosis
was observed. These cellular responses were likedgiated through changes in
gene expression mediated by miR-143. The miR-14&@id increase in apoptosis,
may contribute to the lower levels of miR-143 obser after transfection. As the
first RNA sample was extracted 24 hr after trantsbec it is possible that cells with
high levels of miR-143 underwent apoptosis, detddham the cell culture plate into
the culture media and were removed as the cultuedianwas substituted with
TRIzol® during RNA extraction (Methods, chapter 2, secti@r2.1). Future
experiments should extract RNA at earlier time poipost transfection to harvest
cells before apoptosis occurs, as these cellsylikalve the highest levels of miR-
143.



5.3.5 Robust mRNA array data would streamline the processf
identifying miRNA targets

One aim of this study was to use an mRNA arraydeniify miRNA directed

changes in gene expression that might contributeedicing proliferation and/or
increasing apoptosis. While the data generated ft@mRNA array was sufficient
to pursue this aim, a series of careful checks saldction criteria were required
before changes in gene expression could be quargliavalidated.

A more robust array data set would streamline tloegsses and the checks required.
To produce this data set, future experiments shautdto reduce variability. These
experiments could assess larger numbers of expetaneeplicates (e.g. n =6 -9
samples) as this will increase the chance of ifleng changes in mRNA expression

using routine statistical analysis (Methods 2.1.10)

5.3.6 Summary

Results of this study have shown that decreased\iRxpression observed in
oesophageal adenocarcinoma contributes to redyoegtasis and proliferatiom
vitro. This reduction may be mediated through changegeire expression directed
by miR-143, miR-145 or miR-215. Expression of miR31 miR-145 and miR-215
appeared to be most pronounced in the glands @ahnett's oesophagus epithelium
and expression of these miRNAs appears to be lost  the development of
oesophageal adenocarcinoma. In the context of begeal adenocarcinoma
restoring the expression of miR-143, miR-145 or A5 may be of therapeutic
benefit although the next step in proving this waélfuire analysis of these miRNAs
in viva. Further, these results demonstrate the biologaaiificance of miR-143,
miR-145 and miR-215 in oesophageal adenocarcinomeelopment, thereby
providing support for the use of these miRNAs aagdostic biomarkers in the

Barrett’'s oesophagus — dysplasia — adenocarcinequesce.



Chapter 6

The expression of miR-200 family members is
downregulated upon neoplastic progression of Barréts
oesophagus.

6.1 Introduction

The epithelium associated with Barrett's oesophagossesses secretory and
absorptive cell types, and these closely resentitdset found in normal gastric and
intestinal epitheli® 2> mRNA expression profiling studies confirm its siamity to
gastric and duodenal epithéla®®® 2°? However, a specific set of genes is also
expressed in Barrett's oesophagus, including gasssciated with alterations in cell
cycle, proliferation, apoptosis, stress responsd, @llular migration pathways, and
these distinguish it from all related gastrointestimucosa@. Other studies have
confirmed unique phenotypic characteristics of Bais epithelium that correspond
with this specific gene expression profile. For mayde, unlike gastric and duodenal
epithelia, cellular proliferation in Barrett's ogdtagus continues along the upper
crypt and at the luminal surface, possibly duetnaamal cell cycle entry or exft.
Further, Barrett’'s oesophagus epithelium expressesually high levels of anti-
apoptotic proteir€® and can mount a unique anti-apoptotic and pralifee

response to reflg? 44 271

The progression of Barrett's oesophagus to dysplasivolves increased
abnormalities in cell cycle and overall prolifemtt®®. Neoplastic progression of
Barrett's oesophagus commonly occurs without obwisymptoms, and at the time
of diagnosis most patients with oesophageal adeciocana have local invasion or
metastasé$” A cellular process known as the epithelial to mebgmal transition
(EMT) appears to be a key step in tumour invasforAs a result of this process
there is a switch in cell phenotype where cellsngeafrom an epithelial to an
invasive mesenchymal phenotyfe Several lines of evidence suggest that EMT is

required for local invasion and metasta$isEMT may involve inhibition of E-



cadherin expression and transition from epitheiala fibroblastic cell type, with
associated alterations in cellular adhesion andatitgf’. Evidence for EMT has
been shown in numerous adenocarcinomas includoggtbf the breast, prostate and
colorf™ 27 In addition, other studies have presented immistothemical, gene
expression and cell line data that suggest a role EMT in oesophageal
adenocarcinonfd® 2’7 Initiation of EMT appears to require changes iell c
signalling to promote an inflammatory tumour miamegonment’® Inside the
tumour microenvironment of invasive cancers, inseshexpression of transforming
growth factor betaTGFB), an inflammatory mediator thought to promote EMT
commonly observed® ?’° TGFB is of particular interest in EMT as it indwn to
mediate decreased expression of key proteins aRiN&s required for maintaining
an epithelial phenotyp&: 279282

The miR-200 family of microRNAs (miR-141, 200a, 20@00c and 429) are key
regulators/inhibitors of EMT, and act to maintainetepithelial phenotype by
targeting the expression of the E-cadherin trapsional repressor&ZEB1 and
ZEBZ'® 280 283 Accordingly, the number of studies by others répg down-
regulation of miR-200 family expression in canceiiricreasing'® 280 283 286-289
addition, members of the miR-200 family have relsebeen shown to affect other
cell behaviours including proliferation, cell cycland apoptosf&* 2% 2°!
MicroRNAs belonging to the miR-200 family are exgsed on two separate
transcripts, with miR-200a, miR-200b and miR-428ida&ng on chromosome one
and miR-141 and miR-200c residing on chromosoméFidure 6.1). This separate
expression may explain why selective miR-200 famigmber down-regulation has
been reported in other studi®s?%2 These separate studies observe decreased miR-
141 expression in gastric can®rand decreased miR-200c expression in ovarian,
breast or endometrial carcinoffa In addition, the miR-200 family share almost
complete sequence homology (Figure 6.2), suggettisigthere may be redundancy

in gene regulation by miR-200 family members.



Figure 6.1: The chromosomal locations of miR-200 family mensbieiclude miR-
200a, miR-200b and miR-429 on a transcript fromoolwsome one and miR-141
and miR-200c on a transcript from chromosome 12.

1142000 1144500
Chr 1 I } ! } } :
— > —> —>
200b 200a 429
6942000 6944500
Chr 12 I } } } { {
—>
200c 141

(Reproduced from: Gregory et df)

Figure 6.2: The miR-200 family members share almost completgquence

homology. A single nucleotide difference (shown)risdobserved in the seed region
of miR-200a and miR-141.

hsa-miR-200b 5’ UAAUACUGCCUGGUAAUGAUGAC 3’
hsa-miR-429 5’ UAAUACUGUCUGGUAAAACCGU 3’
hsa-miR-200c 5’ UAAUACUGCCGGGUAAUGAUGG 3’

hsa-miR-200a 5’ UAACACUGUCUGGUAACGAUGU 37
hsa-miR-141 5’ UAACACUGUCUGGUAAAGAUGG 37

(Reproduced from Gregory et &P with nucleotide ‘C’ coloured red).



This study was designed because of the unique ggmression profile and cellular
behaviour in Barrett's oesophagus epithelium, theenptypic features that
characterise its neoplastic progression, and theengial relevance of EMT to
oesophageal adenocarcinoma. This study was driy¢hebhypothesis that Barrett’s
oesophagus epithelium may possess a miR-200 eiggu®file different to gastric
and duodenal epithelia, and that down regulatiomi®®-200 family expression may
occur upon progression to oesophageal adenocareinoho investigate this
hypothesis, this study aimed to determine the esgmwa of miR-200 family
members in gastric, duodenal and Barrett's oesamhapithelium, and to assess

changes in their expression upon neoplastic pregre®f Barrett’'s oesophagus.

The aims of the study were to:

1) Assess and compare miR-200 family expressioman-cancerous Barrett's

oesophagus epithelium with gastric and duodenghelpim.

2) Assess and compare miR-200 family expressioman-cancerous Barrett's
oesophagus epithelium with oesophageal adenocanaimpithelium, and relate this
to the expression &EBlandZEB2

3) Assess whether changes in miR-200 family expassight occur early in the
development of oesophageal adenocarcinoma by asgessiR-200 family
expression in two dysplastic cell lines and Bametiesophagus biopsies from
patients with oesophageal adenocarcinoma.

6.2 Tissue collection and processing

Tissues from patients diagnosed with either Bdsretiesophagus (n=17) or
oesophageal adenocarcinoma (n=20) were collecteshddscopy or after surgical
resection as described in chapter 3, section 3e?ail3 of the collection process,
patient clinical details, tissue specimen histol¢gyapter 3, section 3.2), and RNA
isolation from tissues (methods, chapter 2, se@i@nl) have been described earlier

in the thesis. RNA was also extracted from cekkdirderived from benign Barrett's



oesophagus (Qh) and high grade dysplastic (Ch @ndp@heliunt®® using TRIzof
(methods, chapter 2, section 2.2.1). Dr George Magxiracted RNA from the Qh,

Ch and Gi cell lines.

6.2.1 Quantitative RT-PCR analysis of miR-200 family, ZER and ZEB2
expression

miR-200 expression was determined using commeycialailable TaqMan
mMiRNA assays (methods, chapter 2, section 2.2ZBB1 and ZEB2 mRNA
expression was assessed using the QuantiScRgt kit for reverse transcription and
the Quantitedd SYBR Green mastermix for PCR (methods, chaptesegtion
2.2.3). Statistical analysis and correlation meghack described in methods, chapter
2, section 2.2.7. In addition to miR-200 expressiga also tested miR-215 because
decreased expression of this microRNA was obseniad oesophageal
adenocarcinoma (chapter 3, Table 3.1) and it was mcently shown to directly
targetZEBZ"°.

6.3 Results: miR-200 family expression in Barrett's agghagus,
gastric and duodenal epithelia

Quantitative RT-PCR showed levels of miR-141 an@c2@ere significantly lower
in Barrett’'s oesophagus epithelium compared witktria and duodenal epithelia
(Table 6.1, Figures 6.3 - 6.4). miR-200a and miRk26xpression was significantly
lower in Barrett's oesophagus epithelium than istga epithelium, but did not
differ in expression between Barrett's oesophagud duodenal epithelia (Table
6.1). The expression level of miR-429 was not digantly different across these

three epithelial types (Table 6.1).



Table 6.1: TagMarf analysis of relative miR-200 family member levieiBarrett’s

oesophagus, gastric and duodenal epithelia.

Relative expression for each epithelial tissue ty

Barrett's p-value
Duodenal oesophagus (Kruskal-
miRNA (n=10) (n=17) Gastric (n=15)| Wallis Test)
0.076 0.026 0.051
miR-141 (0.039,0.167) | (0.023,0.036) | (0.042,0.092) 0.0003"
0.148 0.148 0.247
miR-200a (0.067, 0.340) | (0.126,0.177)| (0.154, 0.509) 0.0314
0.796 0.833 1.233
miR-200b (0.606, 1.276) | (0.750, 0.993) | (1.089, 1.963) 0.0011
2.700 1.049 2.335
miR-200c (1.890, 3.511) | (0.929,1.170) | (1.792, 2.773) <0.0001"
0.095 0.070 0.078
miR-429 (0.042, 0.070) | (0.061, 0.087) | (0.072,0.153) 0.259

Relative expression values are median (95% condiglentervals). The group p-

value is the result of a Kruskal-Wallis test acrtiss three tissue groups. Significant

differences were identified by post-hoc testing Hglm-Bonferroni method for:

"Duodenalvs Barrett's oesophagus mucosa - miR-141 (p=0.0008jni&-200c

(p<0.0001), andGastric vs Barrett's oesophagus mucosa - miR-14D.(9H04)

miR-200a (p=0.0078), miR-200b (p=0.0001), & miR-2gP<0.0001).




Figure 6.3: TagMarf analysis of relative miR-141 levels in Barrettssophagus,
gastric and duodenal epithelia. Data presented éslian miR-141 expression

normalised to RNU44 levels. 95% confidence inteavale shown for each tissue

group.
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Figure 6.4: TagMarf analysis of relative miR-200c levels in Barrettssophagus,
gastric and duodenal epithelia. Data presented eslian miR-200c expression

normalised to RNU44 levels. 95% confidence inteavale shown for each tissue

group.
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6.3.1 Predicted implications of reduced miR-200 family egression in
Barrett’'s oesophagus

Core Ingenuity Pathway Analysis (Methods, chapteseztion 2.2.11) on predicted
targets of miR-141 and miR-200c were performed eétexnine likely biological
effects of the reduced mIRNA expression. Targetdigteon using miRecords,
selecting predictions that were confirmed by five more prediction algorithms
identified 272 potential gene targets for miR-14t @29 potential gene targets for
miR-200c. Ingenuity Pathways Analysis matched almemof the predicted targets
for miR-141 or miR-200c to known biological netwerknd ranked based on their
statistical power. The top biological networks fiiese targets are illustrated in
Figures 6.5 and 6.6, and the top molecular andileelifunctions associated with
these targets are listed in Table 6.2. Of the tarlyigted in Figures 6.5 and 6.6, nine
show increased expression in Barrett's oesopHagids'** #** **and are predicted
targets (direct or indirect/downstream genes) oR+h#t1 and/or miR-200c (Table
6.3).

Ingenuity Pathway Analysis predicted that the tspoaiated network functions for
miR-141 (Figure 6.5) were gene expression, celtrdaad cell cycle (p=1x1%).
The top associated biological network functionsrfoR-200c (Figure 6.6) were cell
morphology, cellular assembly and organisationwadl as cellular function and
maintenance (p=1x18). The p-values are derived from a Right-tailechEits exact
test to calculate the probability that each predicmiRNA target matches the

ascribed network function due to chance alone.



Figure 6.5: Shows the top associated biological network fuomcfor miR-141 (gene
expression, cell death and cell cycle). Predicéegdts of miR-141 are highlighted in
grey. Uncoloured entries represent molecules thatagsociated with the pathway

but are not predicted miR-141.
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Figure 6.6: Shows the top associated biological network fuomctor miR-200c (cell

morphology, cellular assembly and organisationgditted targets of miR-200c are
highlighted in grey. Uncoloured entries represenlauoules that are associated with
the pathway but are not predicted miR-200c.
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Table 6.2: Top molecular and cellular functions of predicteiR-141 and miR-200c

gene targets generated from an Ingenuity Pathways Bnalysis. Predicted targets

for miR-141 and miR-200c are grouped accordingh®rtknown molecular and

cellular function. All molecules grouped by molemuland cellular function were

tested for statistical significance using a Fish&xact test and the resulting p-value

is shown below.

Molecular and Cellular Molecules
MiRNA Functions 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 predictergets of miR-141 and miR-

200c, as determined by Ingenuity Pathway Analyais, shown. For each miRNA

the molecular and cellular functions are rankedadiag to their p-value.



Table 6.3: Lists the genes predicted by the Ingenuity Pathaglysis to both be,

up regulated in response to decreased miR-141 B-200c expression and are
known to be up regulated in Barrett's oesophagusaddition, this table highlights
whether these genes are predicted by miRecorde tirbct targets of miR-141 or

miR-200c, or whether Ingenuity Pathways Analysisdcted indirect/downstream

targeting.

miRecords | IPA predicted

Gene Predicted | indirect/downstream
Gene Name Symbol target of target
Mitogen Activated
Protein Kinase 1 ERK - miR-141
Mitogen Activated
Protein Kinase 14 p38 - miR-141/miR-200¢
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 oexphagus and
oesophageal adenocarcinoma

Expression of all members of the miR-200 family wsignificantly lower in
oesophageal adenocarcinoma compared with Baroegsephagus epithelium (Table
6.4, Figures 6.7 - 6.11). The median expressioallahiR-200 family members was
lower in Barrett’'s oesophagus epithelium proxin@loesophageal adenocarcinoma
than in Barrett’'s epithelium from patients withotencer or dysplasia. However,
after post-hoc analysis, only the difference in RRIBOc expression was statistically
significant (Table 6.4, Figure 6.12). To determwieether this could indicate down-
regulation of miR-200 expression in dysplasia, prio the development of
adenocarcinoma, miR-200 family expression was &réissessed in a non-dysplastic
Barrett’'s oesophagus derived cell line (Qh), and tell lines derived from Barrett's
oesophagus with high-grade dysplasia (Ch, Gi). fieig6.13 shows that the
expression of all miR-200 members was markedly cedun both dysplastic cell

lines compared to expression in the benign Baseit'sophagus cell line.



Table 6.4: TagMarf analysis of relative miR-200 family member levets

oesophageal adenocarcinoma tissue and Barrettigplbagus tissue from patients

with and without concurrent cancer.

Relative expression for each tissue type
Adeno- p-value
BE carcinoma BEc (Kruskal-
MiRNA n=17 n=20 n=9 Wallis Test)
0.026 0.012 0.015
miR-141 (0.023, 0.036) | (0.011,0.025)| (0.01, 0.04) 0.03398
0.148 0.057 0.08
miR-200a (0.126,0.177) | (0.013,0.042)| (0.017,0.201) 0.00079
0.833 0.387 0.399
miR-200b (0.75,0.993) | (0.316,0.572)| (0.258, 1.13) 0.00068
1.05 0.551 0.662
miR-200c (0.929, 1.170) | (0.461, 0.939)| (0.438, 0.965) 0.00323
0.07 0.039 0.042
miR-429 (0.062, 0.087) | (0.029, 0.06) (0.036, 0.09) 0.01355

Relative expression values are median (95% condielentervals). BE = Barrett’s
oesophagus epithelium from individuals without can®E: = Barrett’'s epithelium
taken proximal to adenocarcinoma and confirmedibtology to be free of invasive
cancer. The group p-value is the result of a KrlsgKallis test across the three tissue
groups. Significant differences were identified fyst-hoc testing using the Holm-
Bonferroni method for:’ Adenocarcinomavs Barrett’'s oesophagus mucosa from
individuals without cancer - miR-141 (p=0.0126),R¥200a (p=0.0001), miR-200b
(p<0.0001), & miR-200c (p=0.0014) & miR-429 (p=031), and "Barrett’s

oesophagus mucosa from individuals with or withzancer - miR-200c (p=0.0191).



Figure 6.7: TagMarf analysis of relative miR-141 levels in Barrettssophagus
and oesophageal adenocarcinoma tissues. Data m@m@ésé&n median miR-141
expression normalised to RNU44 levels. 95% confidemtervals are shown for

each tissue group.
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Figure 6.8: TagMar? analysis of relative miR-200a levels in Barrettssophagus
and oesophageal adenocarcinoma tissues. Data f@@sen median miR-200a
expression normalised to RNU44 levels. 95% confidemtervals are shown for

each tissue group.
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Figure 6.9: TagMar? analysis of relative miR-200b levels in Barrettssophagus
and oesophageal adenocarcinoma tissues. Data mw#sen median miR-200b
expression normalised to RNU44 levels. 95% confidemtervals are shown for

each tissue group.
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Figure 6.10: TagMarf analysis of relative miR-200c levels in Barrettssophagus
and oesophageal adenocarcinoma tissues. Data t@@ésen median miR-200c
expression normalised to RNU44 levels. 95% confidemtervals are shown for

each tissue group.
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Figure 6.11: TagMarf analysis of relative miR-429 levels in Barrett'ssophagus
and oesophageal adenocarcinoma tissues. Data fm@&se median miR-429
expression normalised to RNU44 levels. 95% confidemtervals are shown for

each tissue group.
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Figure 6.12: TagMarf analysis of relative miR-200c levels in Barrettssophagus
tissue from patients with (Barrett's oesophagus @BAand without (Barrett's
oesophagus) concurrent cancer. Data presented dsameniR-200c expression

normalised to RNU44 levels. The mean standard @gashown for each tissue

group.
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Figure 6.13: TagMarf analysis of relative miR-200 family member levieidenign
Barrett’'s (Qh) and dysplastic cell lines (Ch & GRelative expression of miR-141,
miR-200a, miR-200b and miR-429 is shown on the ldhd y-axis. Relative
expression of miR-200c is shown on the right haiakig.
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6.3.3 The miR-200 family and the EMT in oesophageal ademarcinoma

To assess molecular evidence for the miR-200 medliawitch for EMT in
oesophageal adenocarcinoma, the mRNA expressiomR200 targetsZEB1 and
ZEB2, was measuredZEB1 and ZEB2 expression was significantly higher in
oesophageal adenocarcinoma compared to BarretSspbagus epithelium from
patients without cancer or dysplasia (Figures @id 6.15). There were significant
inverse correlations between the expressiorZBBYZEB2 and the expression of
some miR-200 members (Table 6.5). miR-215 AR@2 expression were inversely
correlated (Table 6.5).

Table 6.5: ZEB1 and ZEB2 expression in Barrettt's epithelium and oesophbhgea
adenocarcinoma. The fold incread® {n medianZEB1 and ZEB2 expression in
oesophageal adenocarcinoma Barrett's oesophagus mucosa from individuals
without cancer, and the p-value derived using thenMWhitney test are given.
Spearman correlations (R= Spearman’s rho) betwHeR1/2 expression and each
miR-200 member as well as miR-215, with associptedlues, are also shown.

Fold ft miR-141 miR-200a miR-200b miR-200c miR-429 miR-215

ZEB1 2.9 R=-0.2 R=-0.4 R=-0.5 R=-0.5 R=-0.3 R=-0.3

p<0.0001| p=0.341 | p=0.046 p=0.009 p=0.006 p=0.159 | p=0.152

ZEB2 15 R=-0.3 R=-0.3 R=-0.5 R=-0.5 R=-0.4 R=-0.4

p=0.029 | p=0.101 | p=0.085 p=0.008 p=0.015 p=0.067 p=0.044




Figure 6.14: TagMarf analysis of relativ EB1levels in Barrett's oesophagus and
oesophageal adenocarcinoma tissues. Data presenteeédianZEB1 expression

normalised to 18S levels. 95% confidence interaadsshown for each tissue group.
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Figure 6.15: TagMarf analysis of relativ& EB2levels in Barrett's oesophagus and
oesophageal adenocarcinoma tissues. Data pressmediianZEB2expression

normalised to 18S levels. 95% confidence interaa¢ésshown for each tissue group.
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6.4 Discussion

In this study miR-141 and miR-200c were shown tecekpressed at lower levels in
Barrett's oesophagus epithelium, compared to nogaatric and duodenal epithelia.
Bioinformatic analysis indicated this might contrib to the cell cycle, stress
response (proliferation, apoptosis), and cellulagration behaviors, which are
known to make Barrett’'s oesophagus epithelium giffe to gastric and duodenal
epithelig® 4144 270. 271 2%6Tha redyuced miR-200 levels that were observed in
Barrett’'s oesophagus epithelium adjacent to adenmwana, and in cell lines
derived from Barrett's oesophagus with high-gradgsptasia, suggested an
association between down-regulation of miR-200 esgion and neoplastic
progression in Barrett’'s oesophagus. The increagpdession oZEBlandZEB2in
oesophageal adenocarcinoma, and their inverse labores with miR-200
expression, are consistent with induction of EMTdrated by loss of miR-200
expression. Taken together with the known bioldgicacesses that are regulated by
the miR-200 famil§?* %% #°! our study provides evidence for the influencehafse

miRNAs in regulating the unique gene expresSiand phenotypic trait§ 4144 270

271 2% characteristic of benign Barrett’s oesophagushefiitm, as well as features
relevant to neoplastic progresstéh Further, our data indicate that a microRNA
‘switch’ for inducing EMT'® might be activated during the development of

oesophageal adenocarcinoma.

It is interesting to note in our previous array dstuthat we did not identify
significantly reduced miR-200 expression in oesgglah adenocarcinomd AKE

section from BJS paper justification for miR-215 nd on array but in PCR.

6.4.1 Decreased miR-141 and miR-200c expression in Bartet
oesophagus

Although the miR-200 family show some redundancy seed sequence, and
therefore the genes they target, they act co-apehatto control the expression of
their targets. A change in expression of just aaraily member is sufficient to alter

target transcript levets®. miR-141 and miR-200c are known to modulate aysigto



cell cycle, proliferation, and cellular migratiohrough regulation of their target
gene&®* 2% 291 geveralin vivo andin vitro studies have elucidated the signalling
pathways that are activated in Barrett's epithelamad are responsible for its unique
anti-apoptotic and proliferative responses to sefliduced stress. These include the
three mitogen activated protein kinases (MABRK, p38andJINK® protein kinase
C (PRKCB™2 phosphatidylinositol 3-kinase®I3K) and downstream v-akt murine
thymoma viral oncogene homolog Bk{Y°* as well as transcription factors
NFKappa-B**® and jun proto-oncogeneP-1Y** Combined target prediction and
Ingenuity Pathway Analysis predicted indirect (@edt in the case oAkt) targeting

of all of the aforementioned genes in the top associaddork functions of either
miR-141 or miR-200c, or both miRNAs. Overall, tsisggests that reduced miR-141
and miR-200c expression in Barrett’'s oesophaguthepim compared with gastric
and duodenal epithelia might activate moleculahywais that are known to promote
the specific response of Barrett's oesophagus epith to the insult of gastro-

oesophageal reflux.

6.4.2 Fibronectin is a predicted target of miR-200c

The Ingenuity Pathways Analysis also predictédect targeting and down-
regulation of fibronectin by miR-200c, and this waddent in the top associated
network. A recent study showed that fibronectinrespion is reduced in cell lines in
direct response to miR-200c expresél@nTherefore it is reasonable to expect that
fibronectin expression should be higher in Barsetiesophagus epithelium than in
gastric and duodenal epithelia, due at least ptotheduced miR-200c expression in
Barrett’'s oesophagus. In agreement with this, fileain is in the subset of expressed
genes that separates Barrett's oesophagus epithdliom gastric or duodenal
epitheliunt®. Fibronectin has key roles in cellular adhesiod amigratiorf”’. In the
development of Barrett's oesophagus its expressoproposed to help facilitate
expansion of epithelial cell populations in order fteplace areas of denuded
squamous epithelium with metaplastic c@llsFurther, fibronectin expression
contributes to increased proliferative and antigptic behaviour through
NFKappa-BandPI3K signalling®® Taken together, these observations lend support
to the biological relevance of the bioinformaticasbd approach, and further



highlight a likely pro-proliferation, anti-apoptotirole for reduced miR-200c
expression in Barrett’'s oesophagus. They providaang impetus for experimental

validation of these predictions.

6.4.3 miR-200c and dysplasic Barrett's oesophagus

The development of high grade dysplasia signifiganbhcreases the risk of
progression to oesophageal adenocarcifdhta® Features of dysplastic epithelium,
that make it distinct from benign Barrett’'s oesagma epithelium, include increased
proliferative and anti-apoptotic behaviotifs This study shows that miR-200c
expression is down-regulated in Barrett's oesophaampled from patients with a
concurrent oesophageal cancer, and the entire @RR2mily was down-regulated
in cell lines derived from patients with high gradigsplasia. The Ingenuity Pathway
Analysis indicates this could result in the molecutvents known to contribute to
the features of dysplastic Barrett's oesophagusjuding increased signalling
through MAPK pathway¥”, increased activation and expressiorNéfKappa-B°*
302 and increased activation @fk£® 3% Activation of Akt is stimulated by
interaction of the obesity related hormone leptid &s receptor, and this results in
increased proliferation and resistance to apoptiosiBarrett’'s oesophagus derived
cancer cell line$>. The leptin receptor is down-regulatéd vitro in response to
miR-200c expressidif, and our miRecords searches predicted directtiaggef the
leptin receptor by miR-200c. Although speculativeduced miR-200 family
expression in dysplasia could be an important masha for leptin receptor
mediated activation of\kt, and this may contribute to the established liekneen
obesity and an increased risk of oesophageal aderinoma®. In further support of
the relevance of decreased miR-200 expression & niolecular features of
neoplastic progression of Barrett’'s oesophagugetlyene transcripts (early growth
response 3HGR3) heparan sulfate (glucosamine) 3-O-sulfotranstedagiS3ST1)
and ribosomal protein S6 kinase, 70kDa, polypeptid@&@PS6KB1) listed in
miRecords to be targets of miR-200c, were preseatpanel of 18 transcripts shown
to be up regulated in Barrett's epithelium from efhicancer had arisen compared

with benign Barrett's oesophagus epithelfin



6.4.4 The miR-200 family - ZEB1, ZEB2 feedback loop andrd EMT in
oesophageal adenocarcinoma

Down-regulation of E-cadherin expression, via tcaumional repression, is a central
mechanism for EMT“ ZEB1 and ZEB2 are amongst a group of transcriptio
factors that repress transcription of E-cadHéfirzEB1andZEB2are targets of the
miR-200 family, and an increase in ZEB1 and ZEB#vayg caused by down-
regulation of miR-200 expression is sufficient nalice EMT'®. EMT promoted by
down-regulation of the miR-200 family has now beemplicated as an important
mechanism for invasion and metastasis in severacera'® 2%°?%? previous
epithelial and mesenchymal cell marker studies hanevided evidence for the
involvement of EMT in the development of oesophage@nocarcinonfa® #’’ but

to my knowledge no studies have investigated IdsgiR-200 mediated control of
ZEBlandZEB2 expression as a possible mechanism for EMT indtgsase. This
study has identified down-regulation of the entirdR-200 family and up-regulation
of ZEBlandZEB2transcription levels upon progression of Barrettéssophagus to
adenocarcinoma. Also, significant inverse correlati were observed between the
expression of miR-200 members anBBYZEB?2 transcripts. miR-215 expression,
which | have shown to be down-regulated in neojuastogression of Barrett’'s
oesophagus, was also inversely correlated \WiHB2 expression. miR-215 was
recently shown to directly targ@EB2 expression in kidney cel® and our results
suggest the same in Barrett’'s oesophagus. Togdtiese results suggest that the
miR-200 family contribute to control cZEB1 and ZEB2 expression in Barrett's
oesophagus and this might be important for maimtginhe epithelial phenotype.
They add to current evidence for the involvement EMT in oesophageal
adenocarcinoma, and indicate down-regulation of-20B expression as a potential

mechanism for this.

6.4.5 Clinical Relevance

Our current hypothesis is that the miR-200 familigimh be useful biomarkers for
identifying patients with Barrett's oesophagus whee at increased risk of
adenocarcinoma. Further studies are required tluateathis hypothesis. In addition,

recent advances in the delivery of small RNAs iclimical setting®®, together with



the demonstratedin vitro anti-neoplastic effects of endogenous miR-200
expressioft> 3% suggest a possible future role for this family microRNAs in

treating early cancer in Barrett’s epithelium.

6.4.6 Limitations

This study has some limitations. First, Barrettssaphagus epithelium proximal to
cancer, and cell lines derived from dysplastic legditm were used, to generate
evidence for reduced miR-200 expression in dysplagihis study does not
demonstrate miR-200 down-regulation in dysplaspehelium from patients who

did not have invasive cancer, and this will be mpartant area for investigation in
future studies. Second, although this study pravisigpport for the effects of miR-
200 expression on known gene-expression and phanotyatures of benign and
dysplastic Barrett's oesophagus, this support sedaon bioinformatic predictions
supported by published literature. Future studiesukl expand on this evidence

using functional studies.

6.4.7 Summary

In summary, this study has shown that the miR-2Qfression profile in Barrett's
oesophagus distinguishes it from gastric and dualdepithelia, and that down-
regulation of miR-200 expression is associated ditbplasia and adenocarcinoma.
Further investigation is warranted to evaluate Wheichanges in the expression of
these miRNAs can be used to identify patients Bénrett'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 andalleethese molecules play in
the oesophageal pathologies comprising the reflastedt’s oesophagus-oesophageal
adenocarcinoma sequence. At the beginning of thid Project, few changes in
MIiRNA expression had been reported in this sequearte there were no reports of

functional roles for miRNAs in these pathologies.

Quantitative assessment of mMIRNA expression identifseven differentially
expressed miRNAs in Barrett’'s oesophagus includingreased expression of miR-
21, miR-143, miR-145, miR-194, miR-215 and decrdasgression of miR-203 and
miR-205. Of the miRNAs increased in Barrett's odsagus, miR-143, miR-145 and
miR-205 were also increased in patients with gaswphageal reflux disease.
Further, miR-143, miR-145 and miR-215 were decréase patients with
oesophageal adenocarcinoma.

7.1.1 Gastroesophageal reflux disease: Unravelling roldsr miRNASs in
the oesophagus

We now know that differential miRNA expression lmetoesophageal epithelium is
associated with functional consequences. Studiescrided in this thesis
demonstrated increased miR-143, miR-145 and miRI2@&ls in gastroesophageal
reflux disease and identified that these miRNAs aeinto regulate proliferation and
apoptosis. From these studies we hypothesizedthigse MiIRNAs might act as
regulators of oesophageal epithelial restorationraeponse to gastroesophageal

reflux damage.

Of particular interest was whether increased miR&fyression in gastroesophageal



reflux disease might contribute to the developmehtBarrett's oesophagus. In
oesophageal squamous tissue from patients withmogasiphageal reflux disease we
observed strong and significant positive correlaibetween miR-143 and BMP4, a
key promoter of columnar specific gene expressiang CK8, a marker of a

columnar phenotype. This data is consistent witlpassible role for miRNA

expression in development of Barrett's oesophabiasvever, increasing the levels
of miR-143, miR-145 or miR-205 individually in awsmmous oesophageal cell line
did not lead to the formation of a columnar phepetyvith intestinal metaplasia.
Given reports by others discussing multiple genetianges contributing to the
development of Barrett’'s oesophagus it is perhapsitBous to expect that increasing
the level of a single miRNA would drive differertian to a columnar phenotype.
However, as miRNAs can manipulate the levels ofdneths of different genes, it is
possible that miRNA transfection in combination (seuture Directions, 7.2.2)

might help to identify a miRNA directed mechanison the development of Barrett’s

oesophagus.

7.1.2 Tumour suppressor miRNAs in oesophageal adenocar@ma

Neoplastic development is associated with dysfoneti regulation of numerous
cellular processes. Therefore we wanted to invatithe consequences of decreased

MIRNA expression in oesophageal adenocarcinoma.

These studies identified that decreased miR-14R-1i5 and miR-215 expression
in oesophageal adenocarcinohikaly contributes to a reduction in proliferatiaad
apoptotic control in this cancer. mRNA array analyslentified that this loss of
control is likely mediated by a number of miRNA etted changes (direct and
indirect) in gene expression. Also, in situ hylsation analysis identified that miR-
143, miR-145 and miR-215 localise to the cryptshimitthe Barrett’'s oesophagus
epithelium and are not expressed in dysplasticamcerous tissue. These studies
provide support for a cancer promoting mechanisrereldecreased miR-143, miR-
145 and miR-215 expression in the crypts of ther@®8s oesophagus epithelium
leads to dysfunctional regulation of gene expregsidirecting a decrease in

proliferative and apoptotic control and subsequyenfiromoting neoplastic



development from these areas.

Taken together, the assessment of mMIRNA expressamma function in

gastroesophageal reflux disease, Barrett's oesaghag@nd oesophageal
adenocarcinoma has identified functional rolesrfoRNAs in the oesophagus and
demonstrated the loss of functional control thaildamccur when these molecules

are aberrantly expressed in these pathologies.

7.1.3 The miR-200 family: Involvement in Barrett’'s oesoplagus and
oesophageal adenocarcinoma

Decreased expression of miR-141 and miR-200c wassdido distinguish Barrett's
oesophagus from related gastric and intestinahejp@. Bioinformatic analysis of
predicted miR-141 and miR-200c targets provided matational evidence that this
decreased miRNA expression might contribute to dbeormal proliferative and
apoptotic status of Barrett's oesophagus epitheliirese studies demonstrate the
ability of computational genetic analysis pairedhwieal time expression data to
provide a platform for hypothesis driven reseafetom these studies we now have a
solid foundation from which to investigate functabrroles for decreased miR-141

and miR-200c expression in Barrett's oesophagues ksure Directions 7.2.5).

We observed decreased expression of the miR-20@yfgmiR-141, miR-200a,
miR-200b, miR-200c and miR-429) and increased esgive ofZEB1andZEB2in
oesophageal adenocarcinoma. The miR-200 family laeggl the epithelial to
mesenchymal transition, a key process in tumourastasis, by targeting the
transcription factorsZEB1 and ZEB2 These results provided the first evidence
implicating miRNAs in the epithelial to mesenchyntednsition in oesophageal
adenocarcinoma. Further investigation of the miR-2@mily in oesophageal
adenocarcinoma may help to identify an invasive hmasm in oesophageal
adenocarcinoma that can be targeted therapeutically



7.2 Future directions

The knowledge gained from this study can be bilbruto further understand the
role of miRNAs in gastroesophageal reflux diseaBasrett’'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 quantitativeljdate individual changes in
MIRNA expression. Since the beginning of this sttitgre have been rapid advances
in high throughput, quantitative PCR technologysIhow possible to quantitatively
assess global changes in miRNA expression in divela short period of time.
Although these emerging technologies provide béttexls of detection than miRNA
arrays, arguably they may not have the power teaiemall changes in miRNA
expression currently detectable by individual PGRda assays. However, the ability
to assess multiple miRNAs simultaneously is appgalChapter three focussed on
using PCR to quantify the most significant changesmiRNA expression and
experiments presented in later chapters assessenhfitications of these changes in
gastroesophageal reflux pathology (chapter 4) aedeldpment of oesophageal
adenocarcinoma (chapter 5). Given that a large eurabmiRNAs were indicated
with a significant probability of differential exgssion by the miRNA array, and
some of these miRNAs were further shown to playificant roles in regulating
proliferation and apoptosis (Results of chaptemn8 ather$> °7: 160. 166, 174, 37
characterising further miRNAs identified in our ginal 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-@dpression observed vivo
was replicatedn vitro. These experiments primarily assessed the eftd#cteflux

induced MIRNA changes on tissue restoration in desophagus. However, a



number of interesting questions remain unansweeegdrding the role of increased

MiRNA expression and the development of Barretf'sophagus.

As discussed in section chapter 3, section 3.4B-1i3 and miR-145 appear to be
critical in directing both gastric and intestinafferentiation® *°® °° Therefore,
these miRNAs are thought to be important in the ettgument of Barrett’'s
oesophagus. Chapter 4, Table 4.1 shows increadedlA8 and miR-145 expression
in response to gastroesophageal reflux diseasehdfurTable 4.2 shows strong
correlations between miR-143 and both BMP4, a keynpter of columnar specific
gene expressiGht andCK8, a marker of a columnar phenotype Taken together
these results indicated a possible link betweemeased miR-143 and miR-145

expression and a squamous to columnar transition.

No visual changes in squamous cell morphology warserved after increasing
miR-143 or miR-145 expression in our squamous desggal cell line. This is not
necessarily surprising given others have hypotkédsihat multiple genetic changes
are likely required for a transition from a squamda a columnar phenotyfl& In
keeping with this hypothesis, assessing the effgfatscreasing the levels of multiple
mMIiRNAs simultaneously in a squamous oesophagehlimelshould be the focus of
future studies. Combinations of interest includer@asing miR-143 and miR-145
levels simultaneously, for reasons discussed abaweayell as increasing miR-143,
miR-145 and miR-205 levels simultaneously to minmicyitro, thein vivo results
reported in chapter 4. Further, as reflux patholsggssociated with the development
of Barrett's oesophagus, increasing the levels oitiple miRNAs in the presence of
acid and/or bile mixtures (similar to those pubdidtby others in our Idpalso has

merit.

The experimental design of chapter 4 utilized aasgous cell line. However, miR-
143 and miR-145 expression is hypothesised to geined for maintaining gastric
and intestinal differentiation. Therefore, miRNAdakout experiments in a Barrett’s
oesophagus cell line could provide evidence thaseahmiRNAs are required to
maintain a Barrett’'s oesophagus phenotypétro.



7.2.3 Assessing nuclear localisation of miIRNAs

In-situ hybridisation revealed cytoplasmic and eaclaccumulation of miR-143,
miR-145 and miR-205 in oesophageal keratinocytes.mARNAs are known to
regulate translation in the cytoplasm, their |azation in the nucleus is somewhat

surprising, but not unique, given reports by oth&r§*® 3%

Studies reporting both the presence and functionuafear miRNAs are limitéd*
230. 309 However, the potential for miR-143, miR-145 orR¥205 function in the
nucleus is intriguing. Of particular interest woudd the potential for these miRNAs
to regulate transcript levels of transcription @astin the nucleus, especially CDX2,
given the multiple studies reporting the importamdethis transcription factor in

directing intestinal differentiatioft *°

To confirm the presence of miRNAs in the nuclewsegpl sequencing studies could
assess small nuclear RNAs from squamous, Barets®phagus and oesophageal
adenocarcinoma epithelia. If miRNAs sequences ateeved from the nucleus,
transfection of corresponding fluorescently lab@lleiRNA mimics, paired with cell
microscopy software and real time imaging couldubed to characterise the nuclear
and cellular distribution of these miRNAs. From sthdata miRNA levels of

accumulation and rates of degradation in the ngcbewld also be characterised.

In assessing nuclear miRNA function, studies ofrest include investigating
whether nuclear localization of miR-143, miR-145n0iR-205 plays a role in reflux
pathology or the development of Barrett’'s oesopbagpitial studies could include
transfecting cells with fluorescently labelled miRNmimics to characterise the
magnitude and stability of nuclear localisation.eTdhevelopment of an expression
construct that promotes expression of miR-143, mR-or miR-205 transcripts that
are tagged for subsequent purification would beuireqg for these studies. Cell
samples expressing this construct could be prodassiaeg sub cellular fractionation
to obtain nuclear and cytoplasmic material. Puaiiien of miRNA complexes from
these samples followed by the sequencing bound RN&Md assist in identifying if

these miRNAs target gene transcripts in the nucleus



7.2.4 miRNA expression and invasive oesophageal adenocam@ma

Oesophageal adenocarcinoma is commonly diagnostiedmgtastasis. A diagnosis
of metastasis likely contributes to the poor prais@ssociated with this tumdtr
Key processes in tumour metastasis include cellasion and migraticd®
Identifying changes in miRNA expression that cdnite cell invasion and migration
may lead to the development of targeted therapm@ng to reduce metastasis in
oesophageal adenocarcinoma. This thesis repontgeddmiR-143, miR-145, miR-
215 and miR-200 family expression in oesophagea&nadarcinoma (chapter 3,
Table 3.1 & chapter 6, Table 6.2). Multiple studae now reporting associations
between decreased expression of these miRNAs anebged cancer cell migration
and invasiof'® 1% 1702485 addition, these studigd 1 170 2*&how that restoring
the expression of these miRNAR vitro can reduce invasive capacity. These
reportg?® 165 170. 29%aired with the reduced miR-143, miR-145, miR-2H8 miR-
200 family expression observed in oesophageal adecimoma provide support for
investigating the effects of increasing the expossof these mMIRNAS in

oesophageal adenocarcinoma.

Future studies could include assessing invasivaagpby measuring cell invasion
and migration after increasing the levels of miRMRpression in an oesophageal
adenocarcinoma cell line. miRNAs of interest wouldlude miR-143, miR-145,
miR-215 and the miR-200 family. The current systehthoice for assessing cell
invasion and migration is the xCELLigence platforime XCELLigence platform is
designed to assess migration and invasion in ireal, without requiring the removal
of cells from incubation. This platform has advay@s over other assays such as the
scratch or Boyden chamber matrigel assays. For pkanthe Boyden chamber
matrigel assay requires invasion and migrationd@$sessed at specific time points.
This results in an increased risk that key datangsocould be missed. The scratch
assay requires cells to leave the incubator to dleent to a microscope for
photography. Removal of cells from incubation idnoes variability through

continual changes in the cells growth environment.

A number of interesting questions regarding invasend migration could be



investigated using xCELLigence. Firstly, after isasing miR-143, miR-145, miR-
215 or miR-200 family levels in oesophageal adermcama cells migration and
invasion could be assessed. Secondly, increasii®N#ilevels in combination

could be explored to assess whether synergistactamhs in invasive capacity can
be achieved. For example, given that miR-143 arid-i4i5 are likely expressed on

311 and both are implicated in tumour invasion 24

the same transcript
increasing the levels of these miRNAs in combinmatseems logical. In addition,
reports speculate on redundancy across the miRa20ily memberst® 3*as well as
selected miR-200 family members having the abitityndividually reduce invasive
capacity®> > Therefore increasing levels of miR-200 family nbers in different
combinations may identify an optimal synergistiantmnation 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 chaessessed predicted targets of
miR-141 and miR-200c and reviewed the literaturepigblished reports on both the
functions, as well as any interactions between ehesedicted targets. This
bioinformatic investigation provided an informatiohase for predicting the
consequences of decreased miR-141 and miR-200cessipn in Barrett's
oesophagus (chapter 6, section 6.4.1). For exanmpig;141 and miR-200c are
known to modulate apoptosis, cell cycle and prodifier?®* 2 2*'and therefore
their decreased expression in Barrett’'s oesophagiss hypothesised to result in a
loss of proliferative and apoptotic control throuigicreased PI3K pathway activity.
In addition, chapter 6, section 6.4.1 — 6.4.4 dised the potential for decreased
miR-141 and miR-200c expression increasing the o$kdeveloping dysplastic

Barrett’'s oesophagus.



Based on the hypotheses of chapter 6, understatkdengnechanism that leads to
decreased miR-141 and miR-200c expression as wéleaassociated consequences
becomes important. This information may assisthi& development of therapeutics
targeted at reducing the abnormalities in the Besreepithelium and potentially

reduce the risk of progression to oesophageal adeciooma.

Chapter 6, Figure 6.1 shows that miR-141 and miBec2fre expressed on the same
transcript. We hypothesised that this transcripjithbe down regulated in Barrett's
oesophagus. In discussing reduced miR-141 and M@R-2xpression epigenetic
regulation of miR-141 and miR-200c was consideksulvever, at the time there was
no evidence in the literature to support this aheérdfore investigation into
methylation of these miRNAs was subsequently nosymd. Recently, Vrba et &#f
have shown that decreased miR-141 and miR-200cession is directed by
methylation in breast cancer célfs Therefore, the focus of future studies should
primarily include investigation of epigenetic regtibn of miR-141 and miR-200c in
Barrett’'s oesophagus. Using the same panel ofetisaples described in section
6.2 the methylation status of transcription sitpstteam of pre-miR-141/miR-200c
could be assessed in gastric, duodenal and Barrett'sophagus tissues. In
identifying a methylated pre-miR-141/200c promategion Vrba et af’® assessed
regions 115 — 343 base pairs upstream of pre-miBri4R-200c (chromosome 12,
6942000 - 6944500). These methods described by ¥rta>'® provide a logical
starting point for this proposed methylation analy$/ethylation could be further
assesseih vitro by treating a Barrett’s oesophagus cell line (Qhhwan inhibitor of
methylation known as 5-aza-Cytidine (DNA methylsterase inhibitor) and using

PCR to assess whether miR-141 or miR-200c expressiocreased.

In assessing the consequences of decreased miRAMMIR-200c expression in
Barrett’'s oesophagus, preliminany vitro studies should include transfecting
mMiRNA mimic oligonucleotides to increase the levaishese miRNAs in a Barrett's
oesophagus (Qh) or dysplastic (Ch and/or Gi) a¢edd. After increasing miR-141
and/or miR-200c levels, hypotheses generated thrdbg bioinformatic analysis

discussed in chapter 6 could be explored.



Firstly, preliminary studies should focus on idéntig whether reduced miR-141 or
miR-200c expression contributes to the abnormaduleel processes associated with
Barrett's oesophagus. Therefore, proliferation apdptosis could be assessed after
increasing miR-141 and/or miR-200c levaits vitro. Identifying a role for these
mMiRNAs in proliferative and apoptotic control in iBett's oesophagus will provide
support for these molecules as potential therapetstigets that may assist in

reducing the abnormalities associated with Bagetésophagus.

If altered proliferation and/or apoptosis is obsehin response to increased miR-141
or miR-200c expression, a potential mechanism shbel investigated. Chapter 6,
section 6.4.1 highlights that increased activitytleé PI3K pathway is observed in
response to gastroesophageal reflux. Given thatpghihway is associated with the
unique anti-apoptotic and proliferative responsesoamted with the Barrett’'s
epithelium reducing this pathways activity may hdéenefit. The mammalian target
of rapamycin (nTOR is a key protein in the PI3K pathwanTORIis activated by
Akt (predicted target of miR-200ayhich is in turn activated byI3K (predicted
indirect/downstream target of miR-141 and miR-20@e)inhibit apoptosis and
promote proliferation. An inhibitor of the PI3K sigling pathway is now available
in the form of an MTOR inhibitor known as rapamyckxposure of a Barrett's
oesophagus cell line (Qh) to Rapamycin alone ocdmbination with increasing
miR-141 and/or miR-200c levels may be useful ineasmg whether the PI3K
pathway (specificallymTOR)is involved in directing abnormal proliferation can

apoptosis in Barrett's oesophagus.

Chapter 6, Table 6.2 presents decreased miR-20Qmession in Barrett's
oesophagus sampled from patients with a concurreesophageal cancer.
Bioinformatic analysis provided support for a pdiaihrole for this reduced miR-
200c expression in contributing to the featuredysplastic Barrett’'s oesophagus. As
discussed in chapter 6, section 6.4ABtis stimulated by leptin and its receptor, and
this results in increased proliferation and resiséa to apoptosis in Barrett's
oesophagus derived cancer cell If{&@sBased on this, investigation of reduced miR-
200 family expression (beginning with miR-200c) dysplasia may identify a
mechanism for leptin receptor mediated activatibrAkt in Barrett's oesophagus,

and this may provide support for a link betweensityeand an increased risk of



oesophageal adenocarcindfhan assessing these questions miR-200 farikt
and leptin expression should be assessed in dyispBarrett’'s oesophagus tissue
samples. Secondly, in dysplastic cell lines (Ch @ndeptin and Akt activity as well
as proliferation, apoptosis and invasion could lsseased after increasing the
expression of miR-200 family members (beginninghwiiR-200c). Results from
these studies may provide evidence of miR-200 fammémber regulation ofkt

and/or leptin as well as identify any functiondeets associated with this regulation.



Appendicies

Appendix 1: Elevated miR-143 and miR-145 is obseruespecimens
from resected oesophageal adenocarcinoma

In assessing MiRNA expression in oesophageal muspsaimens obtained either
via endoscopic biopsy or from mucosal samplingur§ieally resected tissue, highly
elevated miR-143 (130 fold increase above medaan) miR-145 (45 fold increase
above median) was observed in some specimens. UCaréalysis of the data

indicated that the elevated expression was onlggmtein some of the mucosal
samples from surgically resected tissue, and ntdterendoscopic biopsies. As miR-
143 and miR-145 are enriched in columnar tissuespewed with squamous mucosa
(chapter 3, Table 3.1), and oesophageal sub-mugtesadls contain columnar cells,
it was initially hypothesised that miR-143 and nii®&S levels may be enriched in
sub-mucosal glands and the presence of these giangsection specimens could
account for the increased miR-143 and miR-145 &vélaimed to test this

hypothesis by localising the expression of miR-1&3 miR-145 in resected

oesophageal specimens that contained oesophagealusosal glands using ISH.

During the time spent developing the ISH protosedrk by Cordes et df* was
published showing tissue specific expression of 4t and miR-145 in cardiac
smooth muscle tissue. H&E staining of oesophagesaation specimen slides shows
that the muscularis mucosae was located closehé¢oluminal surface of the
oesophageal epithelium than oesophageal sub-mugtsals. Therefore, we also
hypothesised that the presence of muscle in resesgiecimens may account for the
elevation in miR-143 and miR-145 levels. To teststh hypotheses | aimed to
identify the site of increased miR-143 and miR-E¥pression observed in some
oesophageal resection specimens by performing I8Hoesophageal resection

material.

ISH staining showed miR-143 and miR-145 to be S$igpmtly enriched in the

muscle layers of the oesophagus (marked by arradd)eand in sub-mucosal glands



(marked by *), (miR-143 - Figure A.1.1-B and miR5L4Figure A.1.1-C) compared

with the scramble probe (Figure A.1.1-D). The miags mucosae is closest to the
luminal surface of the oesophageal epithelium dmulvs the greatest intensity for
miR-143 and miR-145 staining.

Due to the close proximity of the muscularis mueosa the basal layer of the
oesophageal epithelium (Figure A.1.1-A) and respliblished by others showing
high miR-143 and miR-145 levels in muscle tisshe,favoured hypothesis was that
the presence of muscle was causing detection &f lengels of miR-143 and miR-
145 expression in oesophageal resection specimemgpared with oesophageal
biopsies. To test this hypothesis | assessed oagephmucosal biopsy and resection
material for the presence of muscle, and observeidraficant amount of muscle in
resection specimens with the highest miR-143 andR-bdi5 expression as
determined by quantitative RT-PCR (Figure A.1.2-B8dnversely, biopsy specimens
that did not display elevated miR-143 and miR-14pression and were negative for
the presence of muscle (Figure A.1.2-B). No oesgpaksub-mucosal glands were
present in the sections | assessed; suggestingldRand miR-145 expression in
these glands was not contributing to the increasepression observed in the

resection specimens.

Therefore, it is likely that the presence of musaleesected tissue specimens was
the reason RT-PCR detected higher levels of miR-4d48 miR-145 in resection

specimens compared to biopsies.



Figure A.1.1: The muscularis mucosae and muscularis externdeadentified by
the arrow heads in each figure. These layers shewgteatest staining intensity for
miR-143 (B) and miR-145 (C). No staining is obserxghen using the negative
control probe (D).




Figure A.1.2: (A) Highlights the presence of muscle in a resgcgpecimen with
elevated miR-143 and miR-145 expression. Musclsuéisspans between the

arrowheads. No muscle can be identified biopsy ispat (B) and no elevation in

miR-143 and miR-145 expression was observed.




Appendix 2: The top 40 genes for each miRNA indedtby student-t
test to be significantly down regulated via mRNAray

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.

p-value
143vNC (2

Average Average SIDED, Decrease

Expression | Expression | equal in Fold
No ID Gene Symbol RefSeq (143) (NO) variance) 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 CADM?2 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 IGKV10R15-118 | 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 C220rf9 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 Average p-value Decrease in

Expression | Expression | 145vNC (2 Fold Change

(NO) (145) SIDED, equal

variance)

1 7946061 | HBE1 NM_005330 3.17823 297757 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 | Cllorf53 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 447759 427613 0.00286 -0.044994409
15 8178882 | PPP1R2P1 AF275684 447759 427613 0.00286 -0.044994409
16 8180076 | PPP1R2P1 AF275684 447759 427613 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 | AK125905 3.39061 3.13239 0.00403 -0.076155496
21 8117382 IE-;I}STlHZBD 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 | C170rf102 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 470167 419837 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 | EX0SC6 NM_058219 5.31662 498212 0.00703 -0.062915913
34 8034512 | SNORD41 NR_002751 5.96137 5.04524 0.00711 -0.153677762
35 7995813 | MT1DP NR_003658 4.61331 444711 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 440426 391621 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.

p-value
Average Average 215vNC (2
Gene Expression | Expression | SIDED, equal | Decreasein

No. | ID Symbol RefSeq (NO) (215) variance) 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 491157 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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