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Abstract

The urinary tract is lined by a mitotically -quiescent, but highly regenerative
epithelium, the urothelium. The mechanisms regulating urothelial regeneration
are incompletely understood although autocrine stimulation of the Epidermal
Growth Factor Receptor (EGFR)signalling pathway has been implicated. The
hypothesis developed in this thesis is that urothelial homeostasis is regulated
through resolution of interactive signal tr ansduction networks downstream of
local environmental cues, such as cell:icell contact. Here, canonical Wnt
signalling was examined as a candidate key pathway due to the pivotal role of

a-catenin in both nuclear transcription and intercellular adherens junctions.

Normal human urothelial (NHU) cells isolated from surgical biopsieswere grown
as finite cell lines in monolayer culture. mRNA analysis from proliferating
cultures inferred all components for a functional autocrine-activated canonical

Wnt cascade were present | n  pr ol i f e r-aterinmags naokedr larsd,

3

AXxin2 expression provi de-dateaimTClPe thapseriptioi v e

factor activity. This endogenous activity was not mediated by Wnt receptor
activation, as Wnt ligand was produced in inactive (non-palmitylated) form in

serum-free culture, but instead b-catenin activation was driven via EGFR
mediated phosphorylation of GSK& and inhibition of t h e-catanin destruction
complex. In quiescent, contactii nhi bi t e d -catamih tvasrsees {0 rea
|l ocalise to the adher ens | un cdstabdished.
Knock-d o wn -cafeninausing RNA interference led to significant changes in
p-ERK and pAKT activity as well as an increase in Ecadherin protein
expression. The results presented in this thesisi d e n t dicdtenie & a aentral
component of a bi-directional feedback loop between growth factor-mediated

cell signalling and cell:cell contact and provides preliminary evidence that de-

regul ation of t he me c-¢atemni regoiation tamdaBEGFRc o n't r

signalling are important in neoplastic growth.
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Chapter 1

1 Introduction

1.1 The urinary system

The urinary system secretes and excretes the nitrogenous waste products of
metabolism and regulates the amount of water in our bodies. In mammals, this
system consists of two kidneys, two ureters, a bladder and a urethra (Figure

1-1) (1).

Kidney

Ureter

Bladder

7 Urethra

Figure 1-1 Schematic representation of the human urinary system

Schematic of the human urinary system depicting kidneys, ureter, bladder and urethra.
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1.2 The kidneys

In the functional unit of the kidney, the nephron, blood is filtered under high

pressure into an ultra-filtrate via the highly permeable glomerular capillaries.
This process of glomerular filtration removes water, excess solutes, glucose and
urea, the main nitrogenous waste product of amino acid deamination and the
ornithine cycle, from the blood. The filtrate passes along the renal tubules
where active re-absorption of glucose and sodium ions occurs prior to passive
reabsorption of water in the loop of Henlé. Active secretion of unwanted ions is
undertaken in the distal convoluted tubule, before a final cycle of passive water
reabsorption in the collecting ducts (re nal papillary ducts) and transport to the

bladder via the ureters (Figure 1-2) (1).

Collecting
duct

1 Filtration

Distal
convoluted
tubule

Glomerulus

Bowman's
capsule

Reabsorption
of glucose,
ions

__ | Reabsorption
[ | of water

Proximal
convoluted
tubule

Secretion of
"’Y unwanted

ions

Reabsorption | _
of water l

Figure 1-2 Schematical representation of a Nephron

lllustration depicting the f unctional unit of the kidney, the nephron, where filtration, passive

and active reabsorption and secretion occur to produce urine.
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1.2.1 The ureters

Urine leaves the kidneys via the collecting ducts and enters the renal pelvis and
ureters. The ureters transport urine by peristalsis from the kidneys to the
bladder via the ureterovesical junction. In adult humans, the ureters are
approximately 25-30cm in length, 3-5mm in diameter and when analysed cross-
sectionally can be divided into three layers: fibrous connective tissue
(adventitia), smooth muscle (muscularis) and urothelium. On the luminal
surface of the urothelium, specialised hinged plagues known as assymetric unit

membrane can be found (Figure 1-3; reviewed in section 1.3).

Adventitia —:}r o ey ﬁ s " 3
5 Nk 7 |

e
Smooth D "’/ v RS Asymmetric
muscle S | -, B Unit
P / .4 Membrane
. ] < (AUM)
ey i
Urothelium E\' TNy 1
i -
E Wy : > \\\‘ .
) 4
/ £
~ )
{ - 4

Figure 1-3 Cross-section through a Normal Human Ureter

Tissue section through a normal human ureter. Three morphologically distinct layers can be
observed: adventitia (fibrous connective tissue), smooth muscle and urothelium . Tissue section
has been immunolabelled with anti-asymmetric unit membrane (AUM) antibody (AU1) to
highlight the specialised plaques found on the lumenal surface of the urothelium and
counterstained with haematoxylin to illustrate tissue architecture. Micrograph taken by L. A.

Kirkwood (unpublished data).
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1.2.2 The bladder

The main role of the urinary bladder is to store urine at low pressure (and thus
avoid reflux back to the kidneys), as well as maintain urine composition prior to

excretion via the urethra.

The adult human bladder can accommodate up to 500ml of urine and may fill
and void several times a day. Successful micturition is dependent on a
coordinated response between the bladder and the smooth muscle of the
bladder neck and urethra (2). As the bladder fills and distends, stretch
receptors excite sacral parasympathetic nerve fibres and results in detrusor
muscle fibre contraction, while concurrently inhibiting somatic motor neurones
supplying the external sphincter of the urethra. This increase in internal
bladder pressure and external sphincter relaxation leads to urine release via the

urethra (3).

Crosssectionally, the bladder can be divided into several layers which are
depicted in Figure 1-4. The bladder wall (also known as the peritoneum)
covers the outer surface of bladder, inside this is the muscularis detrusor which
is composed of smooth muscle bundles, the lamina propria or stroma; a layer of
connective tissue containing blood and nerves in a collagen matrix, the
basement membrane, and then, lining the lumen, a transitional epithelium

known as the urothelium can be found (Figure 1-4) (1).
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Ureter
Peritoneum
Urothelium
Muscularis
Ureteric detrusor
openings

Urethra

Figure 1-4 Schematical representation of the human bladder and

urethra

Illustrati on depicting multiple layers of muscle and connective tissue within the human bladder.

Lining the lumen is a transitional epithelium known as the urothelium.
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1.3 The Human Urothelium
1.3.1 Tissue Architecture

Urothelium lines the majority of the lower urinary trac t, including the renal
pelvis, ureters, bladder and proximal urethra. Cross-sections through this tissue
reveal it is multilayered and strati
between simple columnar through to stratified squamous epithelia and can be
divided into three distinct zones: basal, intermediate and superficial (4) (Figure
1-5). These morphologically-distinct layers increase in specialisation from basal
through to the highly specialised superficial cells which line the luminal surface
(4). The basal cell layer is composed of a single layer of small cuboidal cells
which are anchored in place via a basement membrane to the lamina propria.
On top of these, lies a layer 1-4 cells thick, of larger, polygonal shaped
intermediate cells and then, towards the luminal surface, the terminally

differentiated, large and often binucleate superficial cells reside which are

f

ed

characterisedi bgo fisicgl d opl aques known

membrane (AUM) (4, 5).

1.3.2 Origins of the human urothelium

The urothelium is unusual in that it develops from both embryological
mesoderm and endoderm. Urothelium that lines the renal pelvis, ureters and
bladder trigone develops in conjunction with the kidneys and is derived from
mesoderm. The urothelium of the bladder and proximal urethra develop from
the urogenital sinus and are derived from endoderm (reviewed by (6)).
Although the urothelium that lines the bladder and bladder trigone evolve from

two different lineages, morphologi cally they appear to be identical (4).
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Asymmetric Unit

A) LImiEn Membrane (AUM)
Transitional
epithelium
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Figure 1-5 Schematic representation and actual cross -section through

Normal Human Urothelium

lllustration depicting a cross-section through normal human urothelium (A; adapted from (7))
and a tissue section of human bladder immunolabelled with anti-AUM antibody and
counterstained with haematoxylin to illustrate tissue architecture (B). Micrograph taken by L. A.

Kirkwood (unpublished data).
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1.3.3 Characteristics of the urothelium n situ

1.3.3.1 Uroplakin (UPK) expression

Uroplakins (UPK) are highly conserved glycoproteins which were first isolated
from the bovine urothelium and identified as important transcriptional targets of
urothelial differentiation by T.T Sun and colleagues in the 1990s (8-11). In
humans, five uroplakin proteins have been cloned (UPKla, UPKlb, UPK2,
UPK3a and UPK3b)(12, 13). UPKla, UPK2 and UPK3a/b have been shown to
be expressed only by the specialised suerficial cells of the urothelium making
them ideal markers of terminal differentiation (14). UPK1lb is less
differentiation-specific and is expressed by the intermediate cells of the
urothelium, as well as by several other human tissues (12, 14). Genetically and
structurally, uroplakins can be split into two groups: UPKla and UPK1b are
members of the tetraspanin family of transmembrane proteins, whereas UPK2,
UPK3a and UPK3b a&e single transmembrane-domain proteins (Figure 1-6 (10)).
In the cow, uroplakins have been shown to heterodimerise in the endoplasmic
reticulum (ER) (UPKla with UPK2 and UP1b with UPK3a or UPK3b)and then
combine in the Golgi apparatus to form polygonal AUM plaques which are
transported to the apical cell surface via the exocytosis pathway (15, 16).
These plaques are expressed on the apical surface of superficial cells in several
mammals including cow, human, monkey, sheep, pig, dog, rabbit, rat, and
mouse (9). Results from mouse knockout studies imply the uroplakins are

important in t he trans-cellular permeability barrier of the urothelium (17-19).
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UPK1b/UPK3a or UPK1b/UPK3b pair
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Figure 1-6 Structure of the uroplakin proteins

UPKla and UPK1b are members of the tetraspanin family which possess 4 transmembrane
domains. UPK2, UPK3a andUPK3b are single transmembrane proteins. In the endoplasmic

reticulum, uroplakins heterodimerise as shown (UPKla with UPK2 and UPKIb with UPK3a or
UPK3b). Adapted from (13).

1.3.3.2 Tight Junctional proteins

A further specialised differentiation-assocated feature of urothelium is the
highly developed terminal tight junctions between adjoining superficial cells.
Intracellular tight junctions (TJ) control para -cellular diffusion of water and ions
(reviewed in (20)) and are a specific form of cell-cell contact found between the
lateral membranes of adjacent cells. Tight junctions are composed of several
types of proteins including cytoplasmic plaque proteins such as the zonula
occludins (ZO), as well as transmembrane proteins including occldins,
junctional adherens molecule (JAM) and the claudins (CLDN), which anchor the
cell-cell junction to the cytoskeleton. The type of claudins expressed account
for the tightness of the epithelium. In human urothelium, CLDN3, CLDN4,
CLDNS5, CLDN7, ZO1 ad occludin are expressed, with CLDN3,CLDN5 and ZO1
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confined to either fAkissing pointso (CLEL

between superficial cells of the urothelium (21)

1.3.3.3 Cytokeratin (CK) expression

Cytokeratins are the polypeptides that form the cytoskeletal intermediate
filaments in epithelial cells. In humans, there are 20 known CK proteins but the
urothelium only expresses a subset of these (reviewed by (22)). In normal
human urothelium, CK7, CK8, CK18 and CK19 can be found throughout all
layers (23, 24). CK13 expression is found only in the basal and intermediate
cells of the urothelium, whereas CK5 and CK17 expression isrestricted to the
basal cells (24). CK20 is only found in the terminally differentiated superficial
cells of the urothelium making it an ideal marker of urothelial terminal

differentiation (25)(reviewed by (22)).

1.3.4 Function of the urothelium

1.3.4.1 Storage ofurin e

During the initial stages of bladder filling, superficial cells can be seen to
elongate by up to ten times their normal size (26). This is achieved via folding
and wunfolding of the | uminal -Isiukrefoacrea rma
bands of normal plasma membrane that lie between the rigid AUM plaques (5).
Supplemental to this, fusiform vesicles containing AUM enter and exit the apical
membrane during the bladders expansion/contraction cycle (5, 27, 28). This
ability to alter the surface area of the urothelium helps ma intain a low
hydrostatic pressure and thus avoid damage to the upper urinary tract during

the micturition cycle (reviewed in (5)).
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1.3.4.2 Barrier function

The bladder has two primary roles: to accommodate large fluctuations in urine
volume during the micturition cycle, and to act as a barrier between the

hypertonic excretory products (urine) and isotonic blood that bathes the

underlying tissue (5). AUM found on the apical surface of superficial cells is
thought to minimise trans -cellular permeability (18), and in partnership with the

tight junctions, which limit para -cellular transport (4) they make the urothelium
the tightest of all known epit helial barriers (29). Loss of barrier function is
associated with several painful bladder diseases, such as interstitial cystitis (30,
31).

1.4 Urothelial tissue homeostasis

Loss of cells though normal cell turnover or through tissue damage must be

replaced to maintain tissue function and is termed tissue homeostasis.

In many epithelial tissues such as the skin and gut, tissue homeostasis is
achieved via a constitutive program of self-renewal and replacement; this
however is not seen in the bladder urothelium. Under normal conditions,

urothelial cells are long-lived and mitotically quiescent, with only ~1% of cells

in the cell cycle at any one time (32, 33). Urothelium does however have a
high capacity for renewal, which is evident in response to injury (34). During
such a response, cells from all layers of the urothelium are seen to re-enter the
cell-cycle and contribute to the proliferative pool (5). This results in rapid repair
of the damaged tissue and thought to be critical in maintaining urinary barrier

function. It has been suggested that stem cells and their progenitors may be
key to this responsive program of self-renewal. Tissue-specific stem cells were
first described in the hematopoietic system (35), but since then, many other

organs have disclosed resident stem cell populations, including brain, lung, and
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heart, as well as many epithelial tissues, including liver, colon and skin
(reviewed by (36)). The fact that many of the morphogenic signalling
pathways present in embryonic development are also active during tissue repair
helps support this hypothesis. Sonic Hedgehog (Shh) and Wnt for example are
both active during epithelial repair of the gut lining (37, 38). In 2007,
Fierabracci and colleagues successfully established selfeplicating human
urothelial spheroids which were shown to express markers of progenitor cells
(CD34+ and CD45)(39). Research into urothelial stem cells is ongoing, but so
far, no resident stem cell population has been conclusively identified in the
human urothelium (40). Research into urothelial stem cells has however been
more fruitful in the rodent urothelium. In the rat, a sub -population of highly
clonogenic, BrdU labetretaining (i.e., long lived) basal cells were identified and
shown to express markers consistent with stem cells in other tissues (e.g., Bcl,
p63, C K 1 4integrm)d (415 1In the mouse bl adder, a subset of CK5+
basal urothelial cells have been shown to express Sonic hedgehog (Shh), a
ligand important during embryological development. Upon bacteria-induced
injury, Shh was shown to act as a paracrine signal on the underlying stromal
cells of the lamina propria leading to stromal release of Wnt ligand that induced
basal urothelial cell proliferation (42). The relevance of this work to human
urothelium still remains unclear, as human and rodent urothelium /n vivo differ
significantly in their expression of markers of terminal differentiation as well as
ki67 expression, suggesting there may be fundamental difference in the

regulation of urothelial regeneration between the t wo (43).
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1.5 Cancer. When tissue homeostasis goes wrong

Cancer is a disease associated with an imbalance in the mechanisms that
control normal tissue homeostasis (Figure 1-7). According to the Office for

National Statistics, 309,527 new cases of cancer (excluding nonmelanoma skin
cancer) were diagnosed in the UK in the year 2008 equating to 504 cases per

100,000 people (44).

Renewal
and repair

Cell death
and damage

Interstitial cystitis Urothelial cancer
Normal urothelium

Figure 1-7 Schematic illustrating the link between dysregulated tissue

homeostasis and cancer progression

Imbalances in the control of normal tissue homeostasis can result in two very different
outcomes in the bladder. If the urothelium is damaged and not repaired, barrier function is lost
causing conditions such as interstitial cystitis. However, bladder cancer may develop if repair

mechanisms allow urothelial cells to proliferate too much.
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1.5.1 Bladd der Cancer

1.5.1.1 Epidemiology

According to the latest UK cancer statistics published in December 2011,
bladder cancer is the 7" most common cancer in the UK, with 10,335 new cases
diagnosed in 2008 (Figure 1-8 (44)). In the UK, b ladder cancer affects over
twice as many men (7390 new cases in the UK in 2008) as women (2945 new
cases in the UK in 2008) and is the 4™ most common cancer in males after
prostate, lung and colorectal cancer. Like most cancers, bladder cancer is a
disease of the elderly, with two thirds of all new cases diagnosed in people over
the age of 70. In 2009, bladder cancer accounted for 5011 deaths, 3% of the

total cancer related deaths in the UK (44).

MEreast
mLung
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mMon-Hodgkin lymphoma
mMalignant melanoma
mEladder
EKidney
mOesophagus
mPancreas
W Uterus
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W Stomach
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Oral
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Multiple myeloma

Liver

Cervix
Mesothelioma
Others

Figure 1-8 The 20 most commonly diagnose  d human cancers in the UK

Pie-chart illustrating the 20 most commonly diagnosed human cancers in the UK in 2008.
Bladder cancer accounts for 3% (10,335) of all newly diagnosed cancers making it the 7™ most

prevalent cancer in the UK. Adapted from data published in (44).
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1.5.1.2 Aetiology

Symptoms of bladder cancer include but are not limited to, blood in the urine
(haematuria), a burning sensation on voiding, pelvic pain and the need to pass

urine more frequently.

90% of all bladder cancers develop from neoplastic changes in the urothelial
lining of the bladder and are termed urothelial carcinoma (UC). The other 10%
include the much rarer squamous carcinoma (SC), which arises from cells which
have obtained a squamous phenotype (usually after chronic infection with the
parasitic worm Schistosoma haematobium (reviewed by (45)) and

adenocarcinoma (reviewed by (46)).

Upon diagnosis, all tumours undergo histopathological assessment using clearly
defined criteria set out by the World Health Organisation (WHO) and the
International Society for Urological Pathology (ISUP) in 2004 (47). Tumours
are biopsied and classified according to their grade and stage. Grade gives an
indicator of the differentiation status of the cells involved and uses two

concurrent grading systems. These are the 1973, WHO classification system
and the 2004 WHO/ISUP classification system which is currently being validated
in clinical trials and is reviewed in (48) (Table 1-1,Table 1-2). Stage determines
the degree of invasion into the underlying tissue and currently uses the 2002

Tumour, Node Metastasis (TNM) staging system (Table 1-3) (49).
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Approximately 75-85% of newly diagnosed UC presents as a superficial tumour
involving only the mucosa and lamina propria (Ta-Tis). Of these, most are
papillary, highly recurrent, but non -invasive in nature, whereas those that are
classified as Tis, are flat, carcinomas in situ (CIS) which are high grade (i.e.,
poorly differentiated) and have high metastatic potential (50). The remaining
15-25% of patients present with invasive tumours which have already invaded

the muscularis (and beyond) and have a poor clinical outcome (51).

Grade Appearance

wel differentiated, have an existing papilary

G1 |architecture, fine chromatin, and a little indication
of nucleol or mitoses

moderately differentiated, usualy have a

G2 |papilary architecture, granular chromatin, and a
stronger indication of nucleol and mitoses

Poorly differentiated, least likely to have a
papilary architecture, have coarse chromatin,
and have many examples of nucleol and
mitoses.

G3

Table 1-1 UC grading using the 1973 WHO classification system

Adapted from (52).

Grade

0 Urcthelial papilloma

i papillary urothelial neoplasia of low malignant potential (PUNLMP)
ii low-grade urothelial carcinoma

iii high-grade urothelial carcinoma

Table 1-2 UC grading using the 2004 WHO/ISUP classification system

Adapted from (52).
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Stage Appearance
TX Primary tumour cannot be assessed
TO Mo evidence of primary tumour
Ta Superficial, non-invasive papilary tumour
Tis Superficial, non-invasive, flat tumour, carcinoma i sitw (CIS)
T1 Tumour has invaded subepithelial connective tissue ie Lamina propria
T2a Tumour has invaded superficial muscle
T2b Tumour has invaded deep muscle
T3a tumour has invaded perivesical tissue microscopically
T3b tumour has invaded perivesical tissue macroscopicaly
T4a Tumour has invaded prostate, uterus or vagina
T4b Tumour has invaded pelvic wal, abdominal wall

Table 1-3 Staging of a urothelial primary tumour using the WHO 2002
TNM staging system

Adapted from (52).

1.5.1.3 Molecular pathways involved in the development of UC

Genetic mutations in chromosome 9, such as loss of 9p or 9qg are frequently
seen in all types of UC and thus believed to be an early initiating event involved
in neoplastic transformation (53, 54) reviewed by (55). UC can clearly be
segregated into two clinically distinct forms: superficial papillary and CIS.
Certain genetic mutations have been shown to correlate with one or the other
of these two forms giving rise to the hypothesis that Ta and CI S tumours arise
from different molecular mechanisms (56). Activating mutations in the
fibroblast growth factor receptor 3 (FGFR3) or HRAS genes are found in
approximately 70% of all low grade (Ta) superficial tumours compared to only
20% of high grade invasive tumours (57). Both of these mutations lead to
increased proliferation, driven via the MAPK/ERK and PISK/STAT pathwayg58).
In comparison to this, p53 and Retinoblastoma (Rb) inactivating mutations are
closely associated with high grade, invasive tumours and are markers of poor

prognosis (53).
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1.6 Factors regulating human urothelial tissue homeostasis
1.6.1 Cell signalling

Mitogenic polypeptide growth factors are important mediators of tissue
homeostasis and can exert their effect via several mechanisms: autocrine
signalling (self stimulation by secreting growth factor and expressing the
appropriate receptor to respond), juxtacrine signalling (where ligand is an
integral part of the cell membrane and only adjacent cells that express the
appropriate receptor can respond) or paracrine signalling (where ligand is
released in soluble form to act on distant receptor -expressing cells of the same

or different type) ( Figure 1-9).

A) Autocrine B) Juxtacrine

—

.,-;, e*'T @

C) Paracrine l
KEY:

® @© o
. . ® Cell * Ligand Receptor

Figure 1-9 Schematic illustrating autocrine, juxtacrine and paracrine

signalling

Growth factors can activate their receptor via an autocrine (A), juxtacrine (B) or paracrine

mechanism (c) to regulate cell size, cell survival and cell cycle progression.
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Although there is evidence that urothelial regeneration is responsive to
paracrine signalling via the stromal compartment (42), there is also evidence
for autocrine and juxtacrine growth factors in urothelial tissue regeneration.
Best characterised is autocrine ectivation of the EGFRfamily of receptors
(reviewed in 1.6.1.1) which has been intensively researched using normal

human urothelial cells /n vitro (33, 59-62).

1.6.1.1 Expression of EGFR -family receptors in the human urothelium

THE EGFRfamily of receptors consists of four members: EGFR (synonym;
HER1), ERBB2 (synonym; HER2), ERBB3 (synonym; HER3) and ERBB4
(synonym; HER4). ERBB2 lacks a ligandbinding domain and ERBB3 has no
tyrosine kinase activity, therefore both must heterodimerise with either EGFR or
ERBB4 to elicit a signal transduction pathway. /n wvitro, urothelial cells
predominantly express EGFR which has been shown to drive selHrenewal via
juxtacrine  amphiregulin  engagement and MAPK/ERKmediated gene
transcription (33). /n situ and upon culture confluence, ERBB2 and ERBB3
expression is also found but the relevance of their expression still remains to be
fully explored (33, 61). Varley and colleagues have proposed that modulation
of ERBB2 and ERBB3 expression and subsequent heterodimerisation with EGFR,
may be an important mechanism modulating EGFR signalling upon confluence

and contact-induced quiescence(33).
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1.6.1.2 Expression of EGF -family ligands in the human urothelium

The EGFfamily of ligands consists of several low molecular weight mitogenic
polypeptide growth factors that bind with high affinity to the EGFR -family of
tyrosine kinase receptors. In normal human urothelial cells, heparin-binding
EGF (HBEGF) (33, 60) t ransf or ming gr owt(89, 6&l)aand
amphiregulin (33, 59, 61)have all been proposed as endogenous autocrine

ligands.

1.6.1.3 EGFR signalling

Upon ligand activation, EGFR dimerises,causing a conformational change and
auto-phosphorylation of several C-terminal tyrosine residues (Y992, Y1045,
Y1068, Y1148 and Y1173) in its extracellular domain. Auto-phosphorylated
EGFR dimer can then activate downstream signalling via 3 main signalling
cascades: mitogen-activated protein kinase (MAPK) pathway,
phosphatidylinositol 3 kinase (PI3K) pathway and the signal transducers and
activators of transcription (STAT) pathway (Figure 1-10 and reviewed by (63)).

1.6.1.4 MAPK pathway

The auto-phosphorylated EGFR dimer is recognised by the adaptor protein
Grb2, which contains specific phosphotyrosine binding domains, Src homologue
2(SH2) and Src homologue 3 (SH3). In turn, this binding leads to the

recruitment of guanine nucleotide exchange factors (GEFs) such as, Son of
Sevenless (SOS), a GTPasactivating protein which triggers downstream Ras
proteins by facilitating the exchange of guanosine diphosphate (GDP) for
guanosine triphosphate (GTP). Once Ras is activated the signal is transduced
via phosphorylation through the MAPK cascade, starting with the
phosphorylation of Raf which in turn phosphorylates MEK and finally

extracellular signal regulated-kinase (ERK). ERK then translocates to the

40

or



Chapter 1

nucleus and initiates transcription of cell cycle regulatory genes such as cyclin D
and c-MYC.

1.6.1.5 PI3K pathway

The P13K/AKT pathway is an important pathway in controlling cell proliferation,
cell survival and cell growth (reviewed in (64)) and can be activated via two

separate mechanisms downstream of the EGFR.

In the first cascade, auto-phosphorylation of EGFR dimers allows direct
recruitment of phosphatidylinositol 3 kinases (PI3K) to the plasma membrane
through interactions of the SH2 domains on the EGFR dimer with the regulatory
unit (p85) of PI3K (or indirectly via the adaptor proteins IRS1 or IRS2). This
results in a conformational change in PI3K, releasing the inhibitory effect of p85
on the catalytic subunit (p110) of PI3K. Active PI3K can then convert its
substrate, membrane bound phosphatidylinositol (4,5) triphosphate (PIP2) into
phosphatidylinositol (3,4,5) triphosphate (PIP3). PIP3 recruits AKT to the
plasma membrane where phosphorylation of residues threonine 308 and serine
473 occur via the kinases, phosphoinositide dependent kinasel (PDK1) and
integrin-linked kinase (ILK), respectively. Once phospho-activated, AKT can
positively regulate cell growth by phosphorylation of mammalian target of
rapamycin (mTOR), mediate cell survival via direct inhibition of pro -apoptotic
signals such as Bad and regulate cell proliferation by translocating to the
nucleus and up-regulating transcriptional targets such as p21 and p27, two

cyclin dependent kinase inhibitors (CDKSs).

In the second cascade, the catalytic domain of PI3K is activated via binding to

Ras which results in the same downstream cascade as above(65).
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1.6.1.6 STAT pathway

Auto-phosphorylated EGFR dimer activates the phosphorylation of signal
transducers and activators of transcription (STAT) STAT1, STAT3 and STAT5 via
the tyrosine kinase JAK(66, 67). Activated STATs can then translocate to the

nucleus and exert their effect on gene transcription.
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Figure 1-10 EGFR signalling pathways

lllustration d epicting the three main signalling cascades downstream of EGFR. Each pathway is
highlighted in a separate colour: The MAPK pathway in orange, the PI3K pathway in blue and
the STAT pathway in green. Component shared by more than one pathway are shaded

accordingly. Pharmacological inhibitors are shown in red.
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1.6.2 Cell environment

In vitro, the cellular microenvironment can dramatically affect a cells response
to growth promoting signals. At confluence, normal human urothelial (NHU)
cells are seen to down regulate EGFR expression and upregulate ERBB2 and
ERBB3(33), but how this is coordinated still rem ains unclear. Upon confluence,
cell spread is curtailed and several types of cell:cell junctions form. These
interactions abrogate any response to proliferation-promoting signals and force
the cell into growth arrest, a process known as contact inhibitio n or contact-
induced quiescence (68). Wounding a confluent urothelial monolayer allows
cells at the wound edge to spread, break cell:cell contact and respond to

growth promoting signals (33).

One such cell :cell junction which may
response to growth promoting signals is the adherens junction (AJ). Adherens
junctions are cell:cell anchoring junctions which form via calcium-dependent
homophilic interactions between epithelial-cadherin (CDH1) and are anchored
internally to t he -aacntdrcateniosy(@90 Jheseljuactiomsn v i a
not only mediate cell adhesion but also transmit signals from the plasma

membrane to th e nucleus where they regulate gene expression (68, 70).

The dynamics between growth factor signalling and cell:cell contact are clearly
involved in urothelial self-regeneration, but how they fully interconnect and
regulate each other to allow close coordination of gene expression with cell
contact still remains uncertain. Research has focused on proteins that localise
to both sites of cell:cell contact and to the nucleus in the hope of finding the

key mediators of this process. One such protein that may be important is
a-catenin, as it is a pivotal component of the canonical Wnt signalling cascade
(reviewed in section 1.7), as well as an intrinsic component of the adherens
junction (reviewed by (71) and in section 5.3). As yet, little research has been

undertaken t o e X p lcatenm intnbremal mumdneurotioefial a

43



Chapter 1

homeostasis although several studies have looked at the potential role of

a-catenin in human bladder tumours (reviewed in section 1.8).

1.7 The canonical Wnt pathway

In the absence of Wnt ligand ( Figure 1-11) , -cagnin exists in two forms: one

form is membrane-b o u n d -catemin &hd E-cadherin where it is involved in
maintaining cell-cell adhesion, the other is also cytoplasmic, but bound to a

clustered group of proteins including the scaffold protein axin, glycogen

synt hase kinase 3a (GSK3a), the tumour
kinase I U (CKIU), collectively known as
to this s-tauebhunejsaphosphoryl atciegsrindy CK
45 allowing GSK3a to phosphoryl ate ser.i
Phosphorylation of amino acids 3daterannd 33
by the phospho-r e c o gni s i n gtrangducim trepéatcontaining protein

( alrCP)and ultimat el y r eisalehin pgpoteosomealegradation (104).

Canonical Wnt signalling begins with the binding of Wnt ligand to its G -protein
coupled receptor, Frizzled (Fzd) and co-receptor, low density lipoprotein
receptor (LRP. Ligand activation results in several phosphorylation events but

the exact mechanism(s) involved have yet to be fully elucidates. Fzd receptor

is thought to trigger the phosphorylation of Dsh by activating the
serine/ftheoni ne ki nases, C K(108-107).C IOce @rimet, DBMA R 1
recruits Fratl and together they bind as a complex to Axin and GSKS3 resulting

i n the r e-catenairs €108)o f Fred cytoplasmic, non-phosphorylated
a-catenin can then translocate to the nucleus where it acts as a co-activator of
TCF/LEF driven transcription by recruiting members of the chomatin remodeling

complex and ultimately drives cell cycle progression (Figure 1-11).

Canonical Wnt signalling is tightly regulated with agonists and antagonists
acting on almost all parts of the signalling cascade. Several antagonists have

been shown to inhibit Wnt signalling outside t he cell by sequestering Wnt ligand
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and include: secreted frizzled related protein (sFrp), Cerberus and Wnt
inhibitory factor-1 (Wifl). Even if bound to Fzd, Dickkopf (DKK) can block
ligand access to its co-receptor LRP5/6 by inducing endocytosis of LRP5/6via
Kremen (109-112). Wi t hi n t h e-cateruncsignalling ¢an k& blocked via
Nemo-like kinase (NLK) phosphorylaion of TCF or binding of
a i catenin to ICAT (113, 114).

A) Inactive B) Active Fzd blocking
antibody

wesi| /[ (f"/z,z"ff’ LRPS/E\. " Frizgled
VAV ( R e / VAT AL
di K

Destruction
complex

Figure 1-11 Schematic illustrating the canonical Wnt pathway

A) Il nactive pathway: Wicdtehi ig beld Within a somplex of Ip@teinso n a
cal |l ed tuhcet i dche sctoompl ex 6 and iis targeted for pr o
pathway: Wnt ligand binds to Fzd and LRP5/6 and leads to activation of Dsh and phospho-

i nhibition of GSK3a, destroyi nghao $rh ofirdyshtatitreudc t & o
accumulates and translocates to the nucleus where it activates Tcf/Lef-1 transcription factors

leading to target gene expression and cell cycle progression. Inhibitors (blocking antibodies)

are shown in red.
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1.8 Wn t /-catenin signalling in the bladder

Early work in 2003 by Thievessen and colleagues concluded there was no
Wn t -tadenin signalling in normal human urothelium or in seven human
urothelial cancer cell lines using a luciferase TCF reporter assay(72). Many
research groups have however found an increase in nuclear a-catenin protein
expression in UC bopsies compared to normal urothelium using
immunohistochemistry (73-76). More recently, APC missense mutations and/or
n u c | ecatenin accumulation has been shown to be associated with shorter
disease free intervals and poor clinical outcome in a cohort of patients with
i nvasive UC, suggestive o f-catenin signalleg if o r
cancer progression (77). In support of this, epigenetic studies have sh own a
number of Wnt antagonists to be silenced in UC, for example, secretory
frizzleds (sFrp) were shown to be promoter hypermethylated in a cohort of
patients with invasive disease (78), while research undertaken by Urakami and
colleagues has shown CpG hypermethylation of Wnt inhibitory factor 1 (Wifl),
sFrp2 and Dickkopf3 (DKK-3) correlating with higher levels of nuclear
a-catenin in UC (79, 80). In support of a role for Wif -1 in UC, Tang and
colleagues saw growth inhibition via G; cell cycle arrest when human bladder
cancer cell lines T24 and TSUPR1 were incubated in the presence of Wif1
(81).

The r ol e -catdnin $gmdllihgahas been more widely studied in rodent
urothelium than in human and has been found to play an important role in
tissue homeostasis. In the mouse, proliferation in response to bacterial or
chemical induced injury is regulated by signal feedback between the basal
urothelial cells and the underlying stromal cells (42). After injury, basal
urothelial cells were seen to secrete Sonic Hedgehog (shh) evoking expression
of Wnt2 and Wnt4 (via Glil) from the underlying stroma. Both stromal and
urothelial cells proliferated in response to Wnt ligand, restoring urothelial

integrity (42).
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Genetically engineered mouse models harbouring mutations found in human

bladder cancer have helped advanced our understanding of the disease and

have i mplicated -dagenireggoallirgtinetite pracedss.! & vivo
experiments i nvesti gadteninggnalingbyeegpresson ot d Wn |
a GSK3 resi st ant-cateunt(raissing ekon 8) mrivem foy adUPK2
promoter led to localised urothelial hyperplasia but did not develop into cancer

(82). These lesions contained elevated levels of phosphatse and tensin
homologue (PTEN), known to inhibit the PI3K pathway by dephosphorylating
phosphatidylinositol-3,4,5-trisphosphate (82). In contrast, /n vivo experiments
where PTEN was del eted al o-aesinweatortonst it
form papillary carcinoma and displayed high levels of P-AKT (S473), suggesting

the tumour suppressor PTEN bl ock-eaenitance
activity and PTEN loss were bothrequired before bladder cancer would develop

(82). Alongside this work, Ahmad and colleagues also investigated the
potential interaction between H-Ras activating mutations and deregulated Wnt/
a-catenin signalling. Addition of constitutively active HRas (using the HRasQ61L

mutant) alongsid e a c t i-cataninealdo resulted in low grade UC but these

lesions were dependent on the MAPK/ERK pathway and showed little activation

of the AKT pathway, indicating both mutations in the AKT and MAPK pathways

could synergise with deregulated Wnt/a-catenin signalling to drive
tumorigenesis in the mouse bladder (83). As yet, it is unclear what actual role

Wnt signalling plays in the development of bladder cancer. Published data

would however imply that the Wnt pathway could be deregulated on both the

genetic and epigenetic level and thus does not follow the trend seen in bowel

cancer where a specific mutation in APC is reponsible for cellular

transformation.
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1.9 Urothelial cells /n vitro
1.9.1 Isolation and propagation

The capacity of the human urothelium to regenerate can be exploited to
propagate normal human urothelial (NHU) cells /n vitro and provide a valuable
research tool to investigate the mechanisms involved in urothelial homeostasis.
Using well-defined methodologies developed by Southgate and colleagues,
viable NHU cells can be isolated and propagated from small surgical specimens
(84, 85). Using this technique, urothelium is dissociated, intact, from the
basement membrane (using a calcium-chelating EDTA solution to limit stromal
contamination) and then disaggregated using collagenase to form a single-cell
suspension. Cultures are maintained in low calcium keratinocyte serum-free
medium (KSFM) to discourage the growth of non-epithelial cells which is
supplemented with recombinant human epidermal growth factor (rhEGF),
bovine pituitary extract (BPE) and cholera toxin (CT; to aid plating efficiency
(84)). Primaria™ tissue culture flasks are used as the plastic is coated with a
mixture of negative, positive, and nitrogen containing functional groups which

aid cellular attachment (86).

1.9.2 NHU cell phenotype

In serum-free, low calcium (0.09mM) culture medium, NHU cells adopt a highly
proliferative fAwound h e-strhtified ghanolgydrsewitroa y p e ,
typical epithel i od g and briddrge £dntach iahibitedn@,r p h o |
growth arrest upon attaining confluence ( Figure 1-12 (33, 84, 85)). Under
normal growth conditions, NHU cells express a nondifferentiated,
basal/intermediate cytokeratin profile with expression of CK7, CK8, CK17, CK18,
CK19 and low levels of CK13 (84). CK20 and uroplakin protein expression
(except for UPK1b) is absent under normal culture conditions (12, 84).

Increasing the extracellular calcium concentration from 0.09mM to 2mM
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induces stratification, desmosome formation and E-cadherin adherens junction

formation, but does not permit urothelial cytodifferentiation (12, 84).

Figure 1-12 Phase -contrast micrograph of NHU cells in culture

NHU cell s exhibiting asttogrpadc amorephdlhedy owhdmrcobdbl
Scale bar 100um.

1.9.3 NHU growth and proliferation

In KSFMc, NHU cells display a high rate of proliferation with a mean population
doubling time of 14.7 + 1.8 hours (84). NHU cells can be sub-cultured for ~12
passsages before they undergo replicative senescence (87, 88). Over-
expression of telomerase (hTERT) can immortalise urothelial cells but results in
compromised differentiation and functional capacity (89-91). Proliferation is an
autonomous process driven primarily by autocrine epidermal growth factor
(EGF) activation of EFGR and leads to tanscription of genes that promote G1-S

phase transition (33).

49



Chapter 1

1.9.4 NHU cell differentiation

Cultured NHU cells retain their ability to undergo differentiation. Initial
evidence of this was first reported when NHU cells were combined in organ-
culture with de-epithelialised stroma and formed a stratified transitional
urothelium identical to that seen /n situ (92). Since these early experiments,
two methods for induction of differentiation have been developed. In the first
method, NHU cells are treated with a peroxisome proliferator activated
receptor-A  ( P-R)A Ra g traglitagone, which induces differentiation but only
when the EGFR pathway is concurrently blocked with EGFR tyrosine kinase
antagonist, PD153035 (protocol hereafter termed TZ/PD)(21, 93). TZ/PD
treatment induces epithelial differentiation by heterodimerisation of activated
PPARA wi direceptara tBXRU) to form a transcr.i
and transcription of genes with peroxisome proliferator response elements
(PPRE) within their promoters. This method induces transcription of urothelial
cytodifferentiation -associated genes but does not result in organisation of a

functional barrier.

In the second method, NHU cells are grown in KSFMc, pretreated with serum
and then sub-cultured in the presence of physiological calcium concentrations
(hereafter referred to as ABS/Ca)(94). These cultures form a biomimetic
urothelial tissue facsimile which displays many functional properties of the

native urothelium including stratification, polarisation and barrier function (94).

Irrespective of method, induction of differentiation re sults in transcriptional up-
regulation of terminal differentiation -associated genes, such as the uroplakins,
CK13 and CK20(93-95).
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1.10 Thesis Aims

The overall aim of this project was to build on the current understanding of how

urothelial regeneration is regulated to maintain tissue homeostasis. The
dynamics between growth factor signalling and cell:cell contact clearly play an
important role in regulating self -renewal mechanisms, but to date, it remains
unclear how this is coordinated. Research has focused on proteins that localise
to both sites of cell contact and to the nucleus in the hope of finding th e key
mediators of this process. In this thesis, the canonical Wnt signalling cascade
was examined as a potential key pathway due to the pivotal role of a-catenin in

both gene transcription and cell:cell contact.

The r ol e -aatbnin\ignalling in urothelial homeostasis was investigated

by meeting the following objectives:

f To utilise previously generated Microarray™ data to assess whether key
components and regulators of the canonical Wnt signalling pathway

were present at the mRNA level in NHU cells.

1 To use pharmacological inhibitors of the destruction complex to
ascertain whether there was a functional Wnt signalling cascade present

in urothelial cells.

1 To assess if NHU cells ould respond canonically to Wnt ligand and
determine whether this might be an alternate paracrine or autocrine
signalling mechanism utilised by NHU cells to drive transcription of cell
cycle associated genes and thus the regenerative phenotype seen during

tissue repair.

1 To utilise EGFR signalling antagonist, shRNA knock down ancexogenous

calcium modulation to address whether urothelial proliferation is
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regulated through the resolution of multiple interacting signal

transduction pathways downstream of cell:cell contact.
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2 Materials and Methods

2.1 General

All practical work was carried out in the Jack Birch Unit for Molecular
Carcinogenesis, or within the central Technology Facility, at the Department of

Biology, University of York.

2.2 Suppliers

Commercial suppliers and manufacturer are indicated at the first mention of the
reagent or equipment in the text. A full list of all suppliers can be found in

Appendix I.

2.3 Dissection equipment, glassware and disposable

plasticware

Metal dissection instruments, glassware, Pasteur glass pipettes (SLS), as well as
disposable centrifuge tubes and pipette tips (Starlab) were sterilised by
autoclaving in a Harvard/LTE Series 100 autoclave at 121°C (1 bar) for 15
minutes and then air dried at 80°C in a drying oven. Single use sterile
plasticware was purchased from Sterilin (SLS), except for RNase/DNasefree
pipette tips which were from (Axygen; Fisher Scientific), RNase-free tubes

(Applied Biosystems), and serological pipettes (Starstedt).

2.4 Stock solutions

All chemical reagents were either of analytical or tissue culture grade, as
appropriate for the experiment and were supplied by Sigma Aldrich unless
otherwise stated. General laboratory stock solutions were prepared with
deionised water (dH,O). Solutions for use in tissue culture were prepared with
ultra-pure water from a Purelab Ultra Genetic (Elga) ultra violet purification

unit. Heat stable solutions were sterilised by autoclaving at 121°C (1 bar) for
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15 minutes or filter -sterilised using an Acrodisc low-protein binding Tuffryn ® HT
syringe filter with a pore size of 0.2um (VWR). Recipes for all stock solutions

can be found in Appendix II.

2.5 Reagents
2.5.1 Antibodies

Primary antibodies used in this study are listed in Table 2-1. Antibodies were
titrated on known positive controls to establish optimal concentrations prior to
use. Primary antibodies were aliquoted and stored as recommended by the
manufacturer. Working stocks were diluted in Tris buffered saline (TBS;
appendix 1l) with 0.1% (v/v) bovine serum albumin (BSA; Sigma), 0.1% (w/v)

sodium azide (Sigma), and stored at 4°C.

Fluorochrome-conjugated secondary antibodies were titrated prior to use and
stored in the dark at 4°C ( Table 2-2).

2.5.2 Agonists/Antagonists

Agonists/antagonists were reconstituted in either tissue culture grade dimethyl
sulphoxide (DMSO; Sigma) or sterlie HO according to t
instructions and stored in single use aliquots at -20°C. Prior to use, compounds
were titrated to determine the effective dosage and solvent -balanced dilutions

were made from the stock solutio ns into growth medium ( Table 2-3).
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Active 8E7(dephosphorylated on Mouse Kind gift from WB, 92 (KDa)
a-catenin Ser 37 and Thr 41) Prof. H.Clevers IIF
AKT 7 Mouse BD Bioscience WB, 59
IF
a-actin ACG15 Mouse Sigma WB 42
a-catenin C2206 (raised against Rabbit Sigma Aldrich WB, 92
amino acids 768-781) IF,
IHC
E-cadherin HECD1 Mouse Abcam WB, 110
IF,
IHC
ERK 16 Mouse Transduction WB, 42/44/54]
Laboratories IIF 90
MKI167 MM1 Mouse Novacastra IF, N/A
Laboratories IHC
Phospho D9E Rabbit Cell Signalling WB, 60
473 AKT IF
Phospho-9 AB30619 Rabbit Abcam wWB a7
GSK3a
Phospho D13.14.4E Rabbit Cell Signalling WB, 42/44
42/44 MAPK IF
Wnt 3a 3A6 Mouse Santa Cruz WB 39
Wnt 5a C-16 Goat  Santa Cruz wWB 41

Table 2-1 Primary antibodies

Table listing primary antbodies used throughout this study and their use (WB: western blotting,

IIF: indirect immunofluorescence, IHC: immunohistochemistry, N/A not applicable). Antibodies

used for western blotting also include molecular weight of protein.
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Mouse IgG Alexa 488 Goat Molecular Probes | IF
Rabbit IgG Alexa 594 Goat Molecular Probes | IF
Mouse IgG Alexa 680 Goat Invitrogen wB
Rabbit IgG Alexa 800 Goat Invitrogen wB
Goat IgG Alexa 680 Donkey Invitrogen wB

Table 2-2 Secondary antibodies

PD153035 EGFR 25pM* Calbiochem | 1mM (DMSO) | 1uM
Inhibitor

U0126 MEK1 and| 72/58nM* Calbiochem | 5mM(DMSO) 5uM
MEK?2

LY294002 PI3K 1.4uM Calbiochem | 5mM(DMSO) 5uM
inhibitor

SB415286 GSK3 2.9uM Sigma 10mM(DMSO) | 10uM
inhibitor Aldrich

Lithium GSK3 15mM Sigma 10M(H,0) 25mM

Chloride inhibitor Aldrich

Troglitozone |PPARA| - Parke Davis | 1uM (DMSO) 1uM
agonist

Table 2-3 Agonists/Antagonists

*published IC/ECsg in cell-free system.
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2.6 Tissue Culture

2.6.1 General

All tissue culture work was undertaken using aseptic technigue within a class II
laminar flow safety cabinet with HEPA filtration. For routine tissue culture, a
recycling class Il safety cabinet (Medical Air Technology), or an externally
ducted (Envair) cabinet was used. Before and after use, cabinets were cleaned
with 70% (v/v) ethanol (Fisher) and once weekly with Mikrozid ® AF disinfectant
(SLS). Culture media was replenished every 23 days, unless otherwise stated.
Waste cells and medium were aspirated into a Buchner flask containing 10%
(w/v) Virkon® and left for a minimum of 30 minutes prior to disposal. All cell

culture reagents were of tissue culture grade and were from Sigma, unless

otherwise stated.

All centrifuge steps were carried out in a bench top centrifuge (Sigma) at 400g
for 5 minutes, unless otherwise stated. Cells were counted in single cell
suspension wusing an Ai mproved Neubauero
re-seeding. Cells were then incubated in a Herace// 240 incubator (Thermo
Scientific) at 37°C in a humidified atmosphere of either 5% CO , in air for cells
cultured in Karatinocyte Serum-Free Medium (KSFM; Invitrogen) or 10% CO; in

air for other media.

2.6.2 Primary Urothelial Cell C  ulture

2.6.2.1 Tissue specimens

Specimens of human bladder, ureter and renal pelvis were provided by
surgeons from York District Hospital, St
Guy's and St Thomas' NHS Foundation Trust, London. Tissue biopsies were

taken for research purposes with fully informed consent from patients with no

history of urothelial neoplasia and with the permission of the relevant Local

Research Ethics Committee. Biopsies were collected in sterile 25ml polystyrene
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Universal tubes containing 15mls of sterile transport medium (Appendix Il) and
where possible were stored at 4°C until processing. Prior to isolation, each
sample was given an arbitrary laboratory record number (Y-number) and the
patientds age, sex and o pemnumkei usaed inther e r ¢
study, along with the patients age, sex and operation details can be found in

Appendix I11).
2.6.2.2 Isolation of primary human urothelial cells

Primary urothelial cultures were established as previously describes (84, 85).
Specimens were dissected in sterile Petri dishes (Nunc) using scissors and
forceps to remove unwanted fat and connective tissue. Ureters were split
longitudinally to allow access to the urothelium. Where possible, a small cross-
section was removed and fixed overnight in 10% (v/ v) formalin in PBSc
(appendix II') for routine histological analysis. The remaining tissue was
incubated in 5mls of stripper medium (Appendix 1) for 4 hours at 37°C to
dissociate the urothelium from the basement membrane. Urothelial sheets
were detached from the underlying stroma using forceps and pelletted via
centrifugation. A single cell suspension was achieved via incubation in 2mls
(400UV) of Collagenase IV (Appendix I) for 20 minutes at 37°C. Cells were then
collected via centrifugation and counted prior to seeding into Primaria® flasks or
Petri dishes (Falcon; BD Biosciences). NHU primary cell cultures were
established in KSFM, supplemeted with 50ug/ml bovine pituitary extract (BPE;
Invitrogen), 5ng/ml epidermal growth factor (rhEGF; Invitrogen) and 30ng/ml

cholera toxin (Sigma) termed complete KSFM (KSFMc).
2.6.2.3 Subculture of human urothelial cell lines

NHU cells were subcultured when approximately 90% confluent. Cell
monolayers were incubated in 0.1% (w/v) in Ethylenediaminetetra -acetic acid

disodium salt (EDTA) in PBS for 5 minutes at 37°C to chelate calcium and
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promote dissociation. Cells were then incubat ed 1 n 0. 5 ml of Har
salt solution (HBSS; Invitrogen) containing 0.25% (w/v) trypsin and 0.02%

(w/v) EDTA for <1 minute at 37°C. Cells were resuspended in 10ml of KSFMc
containing 2mg of Soya bean trypsin inhibitor (Sigma) and collected by
centrifugation prior to reseeding at a ratio of 1:3. Cells were used for

experiments between passage 0-7 (PO-P7).

2.6.3 Differentiation of human urothelial cell lines

2.6.3.1 Induction of differentiation with Troglitazone and PD153035
(21, 95)

NHU cells were seeded into T25 flasks at a concentration of 4x10°/flask and
incubated in 5ml of KSFMc unt i | approxi mately 70%
agonist troglitazone was added at a final concentration of 1uM (Day -1). After

24 hours, medium was replaced with fresh KSFMc containing 1uM PD153035

and cultures incubated at 37°C (day 0). RNA was harvested at day 3 post
PD153035 addition, whilst protein and immunofluorescence analysis were

carried out at day 6. Medium was replaced with fresh PD153035 at day 3 if

cells were to be cultured for longer than three days. Control cells were treated

as above except no Troglitozone or PD153035 was added but instead were

solvent-balanced with DMSO and harvested as above.

2.6.3.2 Induction of differentiation by ABS and 2mM CacCl 2 (94)

NHU cells were seeded at a concentration of 4x10° /T25 flask and incubated in
KSFMc until approximately 80% confluent. KSFMc medium was supplemented
with batch tested Adult Bovine Serum (Harlan Sera-lab) at a final concentration
of 5% (v/v) and incubated until confluent. Cultures were trypsinised and
passaged 1:2 into fresh flasks with KSFMc + 5% (v/v) ABS. After 24 hours,

CaC} was adjusted to 2mM to induce stratification. Cell sheets were incubated
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for a further 7 days, with the medium being replaced every 3 days. Control

samples were untreated in KSFMc and harvested at the same time point.

2.6.4 Culture of established carcinoma cell lines

2.6.4.1 Human urothelial carcinoma cell lines

Three established urothelial cell carcinoma (UC) cell lines; RT4, RT112 and EJ

(T24) were obtained from the Health Protection Agency Culture Collection

(HPACC; Porton Down). Prior to use, all UCC cell lines were genotyped to verify
pedigree. Cells were culglteéd MedDumbé¢d
supplemented with 5% (v/v) fetal bovine serum (FBS; Harlan Sera-Lab) and

1% (v/v) L -glutamine in Iwaki tissue culture flasks (SLS) at 37°C in 10% CO; in

air. UCC cell lines were passaged as for NHU cells, except the addition of

trypsin inhibitor was omitted due to the presence of serum in the medium.

Cells were passaged using a split ratio of between 1:10 and 1:60. Genotyping

data for all carcinoma cell lines used in this study can be found in Appendix IV.

2.6.4.2 Osteoblast Sa0S2 cell line

The osteosarcoma cell line SaOS2 was obtained from American Type Culture
Collection (ATCC; Manassas). SaO0S2 cell
(ATCC) supplemented with 15% (v/v) FBS at 37°C in 5% CQ in air. Cells were
passaged as for UC cell linesand were split at a ratio of 1:3, for a maximum of

10 passages.

2.6.4.3 Wnt3a and Wntb5a secreting L -cell lines

Parental L cells, L Wnt3a and L Wnt-5a lines were kindly provided by
Dr. P. Genever, University of York. All three lines are derived from the mouse
fibroblast cell line LM(TK-) and were stably transfected with a Wnt3a or Wnt5a

phosphoglycerate kinase (PGK) driven expression vector(96, 97). These lines
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are used for the production of conditioned medium containing either mouse
Wnt3a or Wnt5a ligand, with parental L -cell conditioned medium as a control.
All three lines were cultured in DMEM (11966; Invitrogen) containing 4mM L -
glutamine, 4.5¢g/L glucose and 10% (v/v) FBS. The antibiotic G418 was added
to the medium to maintain selection pressure at the following concentration;

Whnt3a L-cells 0.4mg/ml; Wnt5a L-cells 0.6mg/ml.
2.6.4.4 Production of secreted Wnt 3a or Wnt 5a ligand

Confluent cultures were split at a ratio of 1:15 into 10ml of fresh growth
medium without antibiotics and incubated for 4 days at 37°C in 10% CO 5 in air.
Conditioned media was harvested (batch 1) and the growth medium was
replenished. Cells were then cultured for a further three days prior to
harvesting of the second batch of conditioned medium and then discarded.
Both batches of conditioned medium were mixed and filtered through a 0.2um
Tuffryn® filter (Acrodisc) prior to immediate use or storage at 4°C for up to 3

months.
2.6.4.5 Retropack ™ PT67 Packaging Cell Line

The Retropack PT67 cell line (Clontech) is a NIH3T3 fibroblast derived cell line
which has been genetically engineered to stably produce the retroviral gag, pol
and env genes. Once transfected with retroviral vector, cells produce a
replication-defective retrovirus, with a broad (amphotrophic) mammalian host
range. Cells were routinely cultured in DMEM supplemented with 10% (v/v)
FBS and were passaged as for UC cell lines. Cells were split at a ratio of
between 1:5-1:15. Prior to transfection, cells were subjected to Hypoxanthine
Aminopterin  Thymidine  (HAT; Invitrogen) medium re -selection as
recommended by the supplier. PT67 cells were firstly cultured in normal
growth medium supplemented with 100nm aminopterin for 5 days, and then 5

days in DMEMHAT medium (30nm hypoxanthine, 1M aminopterin, 20mM
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thymidine), and then finally 5 days in DMEM-HT medium (30mM hypoxanthine,
20mM thymidine). Immediately after HAT re -selection, PT67 cells were either

cryo-preserved or transfected.
2.6.4.6 Cryo -preservation and thawing of cell lines

Cells were cryo-preserved and stored in liquid nitrogen in a Statebourne storage
dewar at -196°C. For cryopreservation of cell lines, cultures were harvested as
for passaging and collected by centrifugation. The cell pellet was resuspended
in the appropriate ice-cold growth medium containing 10% (v/v) FBS and 10%
(v/v) dimethylsulphoxide (DMSO) at a cell density not less than 1x10° cells/ml.
Cells were aliquoted into 1ml polypropylene cryovials (Greiner) and transferred
toanice-col d AMr Frostyo (Nalgene) <containirt
control the cooling rate to 1°C per minute. The cells were then placed within a
-80°C freezer for 4-6 hours prior to transfer to liquid nitrogen. Cells were
thawed rapidly at 37°C and 5mls of pre-warmed growth medium was
immediately added. Cells were centrifuged at 400g for 5 minutes and then

plated as required.

2.6.5 Mycoplasma testing

Mycoplasma spp. contamination is a huge problem in eukaryotic cell culture and
can lead to unreliable experimental results (98). All cell lines were routinely
tested for intracellular bacteria Mycoplasma spp. prior to cryopreservation. The
presence of extra-nuclear staining with the DNA-intercalator bisbenzimide
(Hoechst 33258) is highly suggestive of Mycoplasma spp. contamination and
was employed as a simple screening tool for such infection. Autoclaved 12-well
Teflon-coated glass slides (HendleyEssex) were placed into the chambers of a
sterile Hereaus box (Sartorius). Cells were seeded at a density of 1x10* cells
per well and allowed to attach for 4 hours at 37°C. Each chamber was flooded
with 5ml of complete growth medium and the cells were then left to grow

overnight at 37°C. Medium was removed and slides were washed with 5ml of
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PBS priorto fixing in methanol:acetone (50:50 ) for 30 seconds and air drying.
Cells were stained with Hoechst 33258 (0.1ug/ml (w/v) in PBS) for 5 minutes in
the dark, washed in PBS, air-dried and mounted in DABCO/glycerol antifade
(appendix II). Once dry, slides were examined using an Olympus BX60

microscope using epifluorescence and the appropriate filter set.

2.6.6 Genotyping

Crosscont ami nation of cel | l ines is a ser
laboratory and can lead to confusion in the literature as well as retraction of
previously published manuscripts (reviewed by (98)). To reduce the chances of

this, strict tissue culture practice was adhered to as well as routine
authentication of each cell line prior to use. Cell lines were genotyped using a
PCRbased shoat tandem repeat (STR) analysis system to verify cell line
pedigree. STRO s ar e di stributed t hr ou:
polymorphic in number. By counting the number of alleles for 9 different loci ,

one can determine with a high degree of certain ty whether two cell lines are of

the same origin. The Powerplex® 1.2 system (Promega) allows identification

of 9 independent loci (Penta E, D18S51, D21S11,THO1, D3S1358, FGA, TPOX,
D8S1179 and vVWA) from freshly isolated genomic DNA.

2.6.6.1 Isolation of genomic ~ DNA from cultured cells

Genomic DNA (gDNA) was purified from cultured cells using a DNeasy Bbod
and Tissue Kit (Qiagen). 1x10° cells were collected into a universal, centrifuged
at 4009 for 5 minutes and resuspended in 200ul of PBS prior to genomic DNA
extraction as recommended by the manufacturer (Qiagen). In brief, samples
were lysed using proteinase K and the genomic DNA (gDNA) was bound to a
DNeasy mini column. Each column was then washed to remove contaminants
and the resulting gDNA eluted in 200ul of AE buffer (Qiagen). DNA was
quantified using a Nanodrop™ ND-1000 spectrophotometer (Thermo Fisher)

and stored at 4°C until use.
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2.6.6.2 STR genotyping using the Powerplex ® 2.1 System (Promega)

Genomic DNA was diluted to 0.4ng/ul using nuclease free water (Promega). A
PCR reaction was assembled on ice in a thinwalled 0.5ml PCR tube containing
2.5pl of test gDNA (1ug), 2.5ul of Powerplex 1.2® 10x primer pair mix, 0.45pl
of AmpliTaq Gold® DNA polymerase | and 17.05pl of nuclease free water. A
positive PCR eaction containing 1ug of K562 DNA was also assembled along
with a no template negative control. The PCR was then cycled in a GeneAmp®
PCR system 9700 (Applied Biosystems) as described by the manufacturer To
each sample 9ul of H-Di E f or ma mi d @systeAs) prdilid chteral
lane standard (Promega) was added and mixed by vortexing. 10ul was then
added to a well of a 96 -well optical plate (Applied Biosystems) and was sealed
with optical adhesive tape. The sample was injected into a Beckman CEQ 8000
fragment analyzer capillary electrophoresis system along with an Allelic ladder
(Promega). Results were analysed using GeneMappe? 4.0 software (Applied
Biosystems) and the STR profile for each sample was compared to that found
on the Health Protection Agency Culture Collection (HPACC) or American Type
Culture Collection (ATCC) website(Appendix 1V).

2.7 Molecular Biology
2.7.1 General

All microbiological culture work was undertaken using aseptic technique and
within the guidelines set out by the University of Yor k for Good Microbiological
Practice. Before and after use, benches were cleaned with 2% (w/v) Virkon®
and then 70% (v/v) ethanol (Fisher). Waste cells and growth medium were

treated with 2% (w/v) Virkon © overnight prior to disposal down the sink.
Contaminated glassware was completely immersed in 2% (w/v) Virkon®
overnight, after which it was rinsed and washed as normal. Contaminated

solids were autoclaved prior to disposal.
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Liquid cultures were grown overnight in 500ml glass Buchner flasks containing

Luria Broth (LB; Appendix Il). Luria -Broth Agar plates (LBA; Appendix Il) were

poured into 9cm UV-irradiated Petri dishes and allowed to set prior to use.

Sterilin single use inoculating loops and T-shaped spreaders were purchased

from VWR.

2.7.3 Plasmids

Full details including vector map can be found in the appropriate section of use.

Table 2-4 outlines all plasmids used in this study and the relevant supplier.

pSIREN RetroQ | Clontech 6.4 U6 ShRNA knockdown
(section 2.7.6)

TOPFLASH Millipore 5.5 TK and TCF Firefly luciferase reporter
(section 2.10.3)

FOPFLASH Millipore 5.5 TK and mutant Firefly luciferase reporter

TCF (section 2.10.3)

pRL-CMV Promega 4.1 Cmv Renilla luciferase reporter
(section 2.10.3)

pBabe-EGFP Gift from Dr. 5.0 LTR Cell sorting-FACS analysis

N.Georgopoulos

(section 2.10.4)

Table 2-4 Plasmids
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2.7.4 Amplification of plasmid DNA

2.7.4.1 Transformaton of competent E -coli cells

Amplification of previously established plasmid DNA: 20ng of plasmid DNA was
transformed into a 50 O al i qud" ultracobmpeteri 5Elbo/i cells
(genotype: F~ mcrA (mrr-hsdRMSmcrBC) 80lacZM15 lacX74 recAl aral39 (ara
leu)7697 galU galK rpsL (StrR) endAl1 nupG=)(Invitrogen). Plasmid was gently
mixed with cells and incubated on ice for 30 minutes. Cells were then heat
shocked at 42°C for 30 seconds and returned to ice for 2 minutes. 250ul of
S.0.C medium (Invitrogen) was added and the cells were incubated in an
orbital shaker at 225rpm for 1 hour at 37°C. 100pl of the cell suspension was
spread onto an LBA plate (appendix IlI) containing 100pg/ml ampicillin and
incubated, inverted at 37°C, overnight. A single colony was picked using a
sterile single use loop and used to inoculate 5ml of LB containing 100ug/ml
ampicillin and incubated at 37°C with shaking at 225rpm for 4 hours. The
culture was then used to inoculate a further 50ml of LB containing 100pl/ml

ampicillin and incubated for 16 hours at 225rpm, 37°C.

Amplification of ligated product (section 2.7.5.5): 5 ul of ligated product was
added to one 50ul thawed vial of TOP10® E.coli (genotype: ~ mcrA A (mirr-
hsdRMSmcrBC)+ 80lacZA M15 A lacX74 nupG recAl araD139A (ara-leu)7697
galE15 galK16 rpsL(Stf) endA1 ¢ ). DNA and bacteria were gently mixed and
incubated on ice for 30 minutes prior to heat-shocking at 42°C for 30 seconds.
Bacteria were then placed on ice for 2 minutes. 250l of pre-warmed (37°C)
S.0.C medium was added andthe cell suspension was incubated at 37°C with
shaking (220rpm) for 1 hour. = Between 20-200ul of cell suspension was then
spread onto an LBA plate (appendix Il) containing 100ug/ml ampicillin and

incubated, inverted at 37°C, overnight. Single colonies were picked using a
sterile single use loop and used to inoculate 5ml of LB containing 100ug/ml

ampicillin and incubated at 37°C with shaking at 225rpm for 16 hours.
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2.7.4.2 Purification of plasmid DNA

Plasmid DNA was recovered from overnight cultures using a Midi Endotoxinfree
plasmid extraction kit™ (Qiagen). Bacteria were harvested from the overnight
cultures by centrifugation at 4000g for 10 minutes at 4°C. The pellet was
resuspended in 4ml of P1 buffer (50 mM Tris-Cl [pH 8.0], 10mM EDTA,
100pg/ml RNase A) and vortexed until in suspension. 4ml of buffer P2 (200mM
NaOH, 1% SDS) was added, inverted 6 times and incubated a ambient
temperature for 5 minutes. 4ml of chilled buffer P3 (3.0 M potassium acetate,
pH 5.5) was added and inverted several times to stop the lysis reaction. The
lysate was poured into the barrel of a QIAfilter cartridge and left for 10 minutes
at ambient temperature to settle. The cap was removed from the QIAfilter and
the plunger was gently depressed. The resulting flow through was collected
into a 50ml polypropylene centrifuge tube and 1ml of ER buffer (proprietary
recipe; Qiagen) was added, inverted ten times and then incubated on ice for 30
minutes. A Qiagen tip-100 was equilibrated by adding 10ml of QBT buffer
(750mM NaCl, 50mM MOPS [pH 7.0], 15% isopropanol, 0.15% Triton X-100)
and allowed to flow through under gravity. The chilled lysate was added to the
filter and allowed to enter the resin via gravity flow and then washed twice with
10ml of QC buffer (1.0M NaCl, 50mM MOPS [pH 7.0], 15% (v/v) isopropanol).
DNA was eluted into an autoclaved Corex 30ml tube (Gentaur) using 5ml of QF
buffer (1.25 M NaCl, 50mM TrisCl [pH 8.5], 15% isopropanol). DNA was
precipitated by adding 3.5ml of isopropanol, mixed and centrifuged at 15000g
for 30 minutes at 4°C. The resulting DNA pellet was washed in 5ml of
70%(v/v) ethanol, air dried and resuspended in nuclease free water. Plasmid
DNA was quantified using a Nanodrop™ Spectrophotometer and stored at
-20°C.
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2.7.4.3 Glycerol stocks

Glycerol stocks were made from overnight LB cultures. 750ul of culture was
aliquoted into a 1.5ml cryovial® and 250pl of sterile 80% (v/v) glycerol was
added and mixed prior to long term storage at -80°C. To recover bacteria, 5pl
was streaked onto an LBA plate containing 100pug/ml ampicillin and incubated
overnight at 37°C.

2.7.5 Molecular cloning

2.7.5.1 Restriction enzyme digestion

Plasmid DNA was restriction enzyme digested to check for the presence of
insert DNA. Restriction enzyme digestion was typically carried out in a total
volume of 20pl. 5pul (2 -3pg) of DNA was digested with 5 units of restriction
enzyme (New England Biolabs) in the appropriate buffer and at the temperature

recommended by the supplier for 1-2 hours.
2.7.5.2 Preparation of analytical agarose gels

A clean plastic gel rig (100mm x 100mm) was sealed at the ends with autoclave
tape to form a mould. Combs were inserted into approp riate slots in the gel
rig. 500mg of high purity agarose (Invitrogen) was mixed with 50ml of TBE
buffer (Appendix Il) and was heated in a microwave oven for 2 minutes, or
until all of the agarose had dissolved. The solution was th en allowed to cool to
around 45°C, after which, 1.2ul of ethidium bromide solution (5mg/ml) was
added and mixed gently. The solution was carefully poured into the gel rig and
all bubbles were removed with a pipette tip. The gel was allowed to set for at
least 30 minutes prior to the combs and tape be ing carefully removed. The gel
rig was lowered into an Horizon® 58 electrophoresis gel tank (Gibco®;
Invitrogen) with enough TBE buffer (appendix 1) to cover the gel by about 3 -

5mm.
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2.7.5.3 Agarose gel electrophoresis

DNA samples were diluted in 6x loading buffer (Blue:orange loading dye;
Promega) and loaded into the wells of a pre-cast agarose gel. 5pul of
Hyperladder | (Bioline) was loaded alongside. DNA fragments were resolved by
applying a voltage of 100V for approximately 45 minutes and visualised using a

Gene Genius bieimaging system and Genesnap 7.07 software (Syngene).

2.7.5.4 Annealing of oligonucleotides

10ul of each oligonucleotide at a concentration of 100pmol/ul were mixed in a
microcentrifuge tube and the volume made up to 20ul with nuclease -free water.
The mixture was heated to 95°C for 30 seconds, 72°C for two minutes, 37°C
for two minutes, 25°C for two minutes and then cooled on ice. Annealed oligo

pairs were either used immediately for ligation or stored at -20°C.

2.7.5.5 Ligation

Ligations were typically carried out in a total volume of 20ul. 50ul of pre -cut
vector was ligated with 3x (w/w) of insert DNA. 2ul of 10x ligation buffer
(50mM  Tris-HCIl [pH7.8], 10mM MgCh, 20mM dithiothreitol, 10mM ATP,
50mg/ml of bovine serum albumin; Promega) was used per ligation, together
with 1pl (200 units) of T4 DNA ligase (Promega). The reaction was incubated
at ambient temperature for 3 hours prior to transformation into One
Shot® TOP10E.col .

2.7.5.6 Sequencing

Dye terminator cycle sequencing was undertaken by Cogenics Beckman
Coulter). The resulting sequences were viewed using Chromas v1.45

(Technelysium Pty Ltd) and were aligned using Fasta3 and the EMBL library.
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2.7.6 Genetic manipulation of NHU cells

2.7.6.1 Retroviral transduction

The infection efficiency of retroviruses can be employed to rapidly and stably
express a transgene of interest within a population of mitotically active cells.
Transduction is much more efficient than many transfection protocols as it
results in less cellular stress and subsequent cell death and isthus the method

of choice when using finite cell lines.
2.7.6.2 RNAi delivery plasmid

RNAI ready pSIREN RetroQ (Clontech) is a seHinactivating retroviral expression
vector designed to express shRNAs via a
long terminal repeat (LTR) containing a cytomegalovirus type 1(CMV) enhancer

region and a mouse sarcoma virus (MSV) promoter to drive transcription of the

RNA packaging signal N+, shRNA of intere
in eukaryotic cells. When expressed in the packaging cell line, PT67, the

plasmid produces infectious but replication-incompetent viral particles, which

can infect a wide host range but cannot replicate (Figure 2-1).

2.7.6.3 shRNA design

shRNA sequences were designed using the Clontech online design tool and
incorporating BamH|I and Ecdrl overhangs as well as an internal M

restriction site to aid in selection of positive clones.
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Figure 2-1 pSIREN RetroQ plasmid

pPSIREN RetroQ plasmid is based on the Moloney mouse leukemia virus (MMLV) and can be
used for targeted gene silencing using RNAIi. Oligonucleotides encoding shorthairpin RNA
sequences can be cloned between the BamH| and EccRI restriction enzyme sites. Plasmid is
then propagated in competent E. coli bacteria using the ColE1 origin of replication (ColE?”") and
successfully transformed cells are selected via expression of the ampicillin resistance gene
(Amp"). Upon transfection into the packaging cell line, PT67, the RNA packaging signal (r +),
shRNA of interest and puromycin resistance cassette (Puré) i s transcribed via a
repeat (LTR) containing a cytomegalovirus type 1(CMV) enhancer region and a mouse sarcoma
virus (MSV) promoter. During reverse transcription of the retroviral RNA, the 3' LTR is copied
and replaces the 5' LTR, resulting in inactivation of the 5 LTR CMV enhancer sequences.
Vector is then packaged and the resulting retroviral particles can be utilised to infect a variety
of mammalian cells. In target cells, expression of the short hairpin RNA and Puro' is driven via
a U6 promoter, an RNA Polymerase lll-dependent promoter. Image reproduced from the

Clontech pSIREN RetroQ manual PT37375.
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2.7.6.4 Transfection of the packaging cell line PT67

All procedures involving transfected PT67 cells were carried out in a class Il
externally vented tissue culture hood. The packaging cell line PT67 was
maintained in DMEM (Invitrogen) supplemented with 10% (v/v) FBS and 1%
(v/v) L-glutamine until 60% confluent. Cells were transfected using Effectene
(Qiagen), a lipid-based transfection reagent accor
instructions. In brief, 5ug of endotoxin -free plasmid DNA was mixed with 150pl
of buffer EC and 40ul of enhancer, vortexed for one second and incubated at
ambient temperature for 5 minutes. 50ul of Effectene transfection reagent was
added, vortexed for 10 seconds and incubate at ambient temperature for a
further 10 minutes. To this, 1ml of complete growth medium (DMEM with 10%
(v/iv) FBS and 1% (v/v) L-glutamine) was added, gently mixed and then added
drop-wise to the flask. A negative control culture where the plasmid DNA was
omitted was included in all experiments. Cultures were incubated for 16 hours,
after which the medium was replaced with fresh, pre -warmed complete growth
medium and the cells were left to reach confluence. At confluency, the
transfected PT67 cells and negative control flask were harvested as with routine
passaging and reseeded at a split ratio of 1:2 into complete medium
supplemented with 4ug/ml of puromycin (Autogen Bioclear). A 100% stably
transfected cell population was assumed in the test flask when all cells in the
untransfected negative control flask had perished. Transfected PT67 cells were
maintained under puromycin selection pressure until viral particles were

harvested.
2.7.6.5 Retroviral transduction of urothelial cells

Stably transfected PT67 cells were grown to 100% confluence when the
medium was changed to 10ml DMEM:RPMI (50:50) supplemented with 5%
(viv) FBS (no antibiotics) for 16 hours. Conditioned virus-containing medium

was harvested and filtered through a 0.45um Tuffryn ©® filter (Acrodisc) to
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remove any cellular debris and 8ug/ml polybrene (Sigma) was added. Medium
was removed from 2 T75 flasks of passage 1 (P1) NHU cell cultures at
approximately 50% confluence. 8ml of virus -containing medium was added to
one culture. The remaining culture was treated with 8mls o f DMEM:RPMI
(50:50)+5% (v/v) FBS to serve as an negative control. Both cul tures were then

incubated at 37°C for 4-6 hours after which the medium was replaced with

15ml KSFMc. At 48 hours post transduction, both cultures were trypsinised and
passaged 1:3 into KSFMc supplemented with 2mg/ml puromycin. A 100%

stably transduced cell population was assumed in the test flask when all cells in
the untransduced negative control flask had perished. Puromycin selection

pressure was then maintained at a reduced concentration of 0.5mg/ml.

2.8 Gene Expression Analysis
2.8.1 General

Before working with RNA, all surfaces and pipettes were cleaned with RNase
Zap® (Ambion). Glassware and 13ml polypropylene tubes and caps (Starstedt)
were incubated at ambient temperature, overnight with 0.1% (v/v) diethyl

pyrocarbonate (DEPC) (Sigma) to inactivate RNase activity. Glass and
plasticware was then autoclaved and air-dried prior to use. Only DN ase and
RNase free pipette tips (Axygen;Fisher Scientific) and nuclease-free
microcentrifuge tubes (Ambion) were used. RNA was reconstituted in nuclease-

free H,O (Promega).

2.8.2 RNA Extraction

Cell lysates were prepared from cultures in situ using TRIzo™ reagent
(Invitrogen). Growth medium was removed and the cell monolayer was
washed in 10ml of PBSc. 5ml of TRIzol™ was added for 5 minutes on a rotary
shaker and lysates were collected into 13ml polypropylene tubes using a cell

scraper (Greiner) and either extracted as outlined below or stored at -80°C.

73



Chapter 2

Frozen lysates were thawed on ice and total RNA was extracted by the addition
of 1ml of chloroform (BDH). Tubes were vortexed for 15 seconds and
incubated for 5 minutes at ambient temperature prior to centrifugation at

12,0009, 4°C in a refrigerated centrifuge (Sorvall RC-5, Du-Pont) for 15
minutes. The upper aqueous phase was carefully removed to a fresh 13ml tube
and the RNA was precipitated using an equal volume of isopropanol for 10
minutes at ambient temperature. Precipitate was collected by centrifugation at
12,0009 for 10 minutes at 4°C and was washed with 5ml 70% (v/v) ethanol.

The resulting pellet was air-dried and resuspended in 30ul of nucleasei free H,O

prior to transfer into a 0.5ml nuclease -free tube.

2.8.3 DNase treatment of RNA

Residual genomic DNA contamination was removed by DNase| digestion. RNA
was incubated with 1ul of DN ase | (DNA-free™: Ambion) and an appropriate
volume of 10x DNase | buffer for 30 minutes at 37°C. 5pl or 1/10 ™ volume
(whichever was greater) of DN ase inactivating reagent was added to terminate
the reaction. After a 2 minute incubation at ambient temperature, the DN ase
inactivating reagent was removed by centrifugation at 10,000g for 1 minute.
RNA supernatant was collected and transferred to a fresh nuclease-free tube
and stored at -80°C. RNA quality and quantity was assessed using a
Nanodrop™ ND-1000 Spectrophotometer (Thermo Fisher).

2.8.4 RNA precipitation using sodium acetate

To remove contaminants such as ethanol and salt (evident by a low
260nm:230nm ratio), RNA was cleaned using alcohol and salt precipitation.
1/9" volume of 3M Sodium Acetate and 2.5 x volume of ethanol was added,
vortexed, and left at -80°C for at least 16 hours. Tubes were centrifuged at
maximum speed in a benchtop refrigerated centrifuge (Hettich; SLS) for 30

minutes at 4°C and washed with 500ul of 70% (v/v) ethanol, air -dried and
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resuspended in an appropriate volume of nuclease-free H,O. RNA was then re-

quantified using a Nanodrop spectrophotometer and stored, aliquoted at -80°C.

2.8.5 Reverse Transcriptase Polymerase Chain Reaction

RT-PCR is a powerful technique used to detect the presence of a specific mMRNA
transcript in a population of cells. RT-PCR involves two steps; the reverse
transcription of mMRNA and subsequent PCR amfiification. mRNA transcripts are
converted to complementary DNA (cDNA) using RNAdependant DNA
polymerase. The resulting thermostable cDNA is then used as a template for
PCR amplification using specific primers targeted to the gene of interest. The

amplified product can then be visualised using agarose gel electrophoresis.

2.8.6 First -strand cDNA synthesis - Reverse transcription (RT)

cDNA was synthesised using 1ug of total RNA, 50ng of random hexamer
primers and a Superscript™ Il first -strand cDNA synthesis kit (Invitrogen).
After incubation at 65°C for 10 minutes the RNA/hexamer mix was snap-cooled
on ice for 1 minute and 70l of a fAmaste
added to each reaction: 2ul of Reverse transcription buffer, 2ul of 25mM MgCl,,
2ul of 0.1mM Dithiothreitol (DTT) and 1ul of 10uM dinucleotide triphosphate
(dNTP) mix. Tubes were gently mixed and incubated at 25°C for 2 minutes
prior to addition of 1 unit of Superscript ™ Il reverse transcriptase enzyme.
Samples were incubated at 25°C for 10 minutes prior to transfer to a 42°C
heatblock for 50 minutes. The reaction was then inactivated at 70°C for 10
minutes and the resulting cDNA was stored at -20°C until use. For each RNA
sample a negative control reaction was included where the reverse transcription

enzyme was omitted (RT negative).
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2.8.7 Primer design for PCR

MRNA coding sequences for genes of interest were obtained from the Ensembl
database (99). Where more than one transcript variant was found, the
sequences were aligned and primers designed to regions of homology. Primers
of between 18-27bp in length were designed using Primer3 version 04.0
software (Whitehead Institute for Biomedical Research, USA) and default
parameters, except GC content was restricted to between 40-60%, and melting
temperature (Tm) was set to between 56 -63°C. Amplicon size was restricted to
300-400bp and was always within one exon. Primers were selected against
primer dimer formation or strong secondary structure. Specificity was checked
using an NCBI primer BLAST search prior to ordering (Eurofins). On arrival,
primers were reconstituted in nuclease free H,O to a concentration of 100mM

and stored at -20°C. Primer sequences are detailed in Appendix V.

2.8.8 PCR primer testing

Primer binding efficiency and optimal annealing temperatures for each primer
set were determined using a gradient PCR. A 10reaction master mix was
assembled on ice as follows: 50ul of 20ng/pul human genomic DNA (Promega),
25ul of 10x reaction buffer (Agilent), 2ul of ANTP mix (25mM each dATP, dCTP,
dGTP, dTTP; I nvitrogen), 107 | of each
SureStart Tag DNA Polymerase (Agilent) and 151ul of nucleasefree H,O. 8 x
25l reactions were then assembled in thin-walled PCR tubes (Axygen;Fisher
Scientific) and subjected to the following PCR conditions with a gradient
annealing temperature present across the PCR block (LeftRight); 9 minutes at
94°C, 26 cycles of denaturation for 30 seconds at 94°C, annealing for 30
seconds at 50-60°C and a 1 minute extension at 72°C. A final elongation phase
of 10 minutes at 72°C was then followed by a 4°C hold. 10ul of each PCR
reaction was analysed via agarose gel electrophoresis  The annealing

temperature which produced the stro ngest band at the expected size was then
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chosen for RT-PCR. If specific product yield was poor or secondary bands were

present, primers were redesigned.

2.8.9 PCR

All PCR reactions were undertaken in thinwalled 8-well strip PCR tubes
(Axygen; Fisher Scientific) using a PCR ExpresBl thermocycler (Hybaid). For
each experiment a PCR mastermix was prepared on ice to minimise pipetting
error. Each reaction contained as follows: 5ul of cDNA (or 5ul of 20ng/ul
human genomic DNA (Promega)), 2.5ul of 10x reaction buffer (Agilent), 0.2pl of
dNTP mix (25mM each dATP, dCTP, dGTP,
primer (10mM stock), 0.2ul (1 Unit) SureStart® Tagq DNA Polymerase (Agilent)
and 15.1pl of nuclease-free H,O. Each experiment included the following
controls: an RT negative control for each test sample to assess for genomic
DNA contamination, a genomic DNA positive control (100ng) to verify the PCR
reaction had be e n-acsncentotRRCR foudach test sampde toa
verify the integrity of the cDNA. A hotstart Tag polymerase was used in all
experiments to reduce background noise and increase efficiency. cDNA
template was denatured and Surestart® Taq polymerase activated with a 9
minute, 94°C pre-heat step. This was followed by 30 cycles of denaturation at
94°C for 30 seconds, annealing for 30 seconds at 50-55°C (depending on
primer pair) and a 1 minute/K b extension at 72°C. A final elongation phase of
10 minutes at 72°C was then followed by a 4°C hold. PCR products were

analysed using agarose gel electrophoresis.

2.8.10 Quantitative Polymerase Chain Reaction ( gPCR) using
SYBR® -Green | technology

Quantitative PCR (QPCR) measures the accumulation of PCR products over time
and allows the measurement of amplicon product throughout the experiment
not just at a predetermined end -point. This is achieved by addition of SYBR®-
Green | Dye, a DNA intercalator which binds to double stranded DNA formed
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during the PCR reaction. Once bound to DNA, SYBR -Green | emits a
fluorescent signal which is proportional to the amount of PCR product present
and can be excited using a tungsten halogen lamp or argon laser (at 488nm)

and detected using a charged coupled device (CCD) image sensor. A well
optimised reaction is essential for accurate results, as SYBR-Green | dye will

bind to all double stranded DNA including non-specific product. Therefore it

was essential that all primer pairs were tested for specificity as outlined in

section 2.8.12.

2.8.11 Primer design for gPCR

Primes were designed using Primer Express Software v.3 (Applied Biosystems)
and default parameters. Primers were of 16-27bp in length with an optimal Tm
of 58-60°C. Amplicons were of 100-150bp in length and were always within an
exon. Specificity was checked using NCBI primer BLAST prior to ordering from
Eurofins. Primers were reconstituted in nuclease free HO and stored frozen at

-20°C. All Primer sequences can be found in appendix V.

2.8.12 gPCR primer testing

RTQPCR primers were tested for specificity and primer binding efficiency prior
to use. A dissociation curve or melt curve was used to determine the number
of products generated within a reaction. dsDNA product was melted into SSDNA
by an increase in temperature over time. The magnitude of the reduction in

fluorescence at each increment was then plotted as a dissociation curve. For
each dissociation curve, an RT negative and water only control was included. If
more than one major peak (one PCR product) was detected, primers were

redesigned. Dissociation plots for primer pairs can be found in appendix VI.

2.8.13 QPCR

Reactions were prepared with SYBR-Green | PCR Master mix (Applied
Biosystems) containing the SYBR-Green | Dye, AmpliTaq Gold' DNA
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polymerase, dNTPs, buffer components, and a passive ROX reference to #ow
for background correction. Reactions were assembled as follows on ice in a 96-
well optical reaction plate (ABI): 5ul of template cDNA, 12.5ul of 2x SYBRN-
green | PCR Master mix, 400nm of each primer and 5.5l of nuclease free H,O.
The plate was sealed with an optical adhesive cover (ABI) and run on an ABI
7300 sequence detection system using the following thermal cycle profile: 2-
minute hold at 50°C, incubation at 95°C for 10 minutes, followed by 40 cycles
of denaturation at 95°C for 15 seconds and elongation at 60°C for 1 minute.
Each sample was run in triplicate alongside an RT negative control sample from
which the reverse transcriptase enzyme had been omitted. A water only (no
template) control was included on each plate. Loading controls targeted to
GAPDH were included for each sample. Data was collected using ABI Sequence
detection software v1.2.3f2 and normalised against the passive reference
fluorophore ROX. Data was analysed using the comparative cycle threshold
(CT) method as described by the manufacturer (100). Thresholding was set in
the region of exponential amplification and cycle threshold values (CT) were
calculated as the cycle number required to cross the threshold. Data was

expressed as relative quantification (RQ) using GAPDH as the loading control:

Each sample was calculated relative to loading controlto gi ve @& CT;
&CT values (CT targetCT reference gene GAPDH)

2 CT was expressed as relative to the calibrator sample;

e®&T val ues ( eCETdaldmtor) sampl e

2 &T was converted to relative quantification;

RQ=2-2 &T

Results were then expressed as log(base?2) from calibrator sample.
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2.8.14 Affymetrix "™ analysis

Affymetrix .CEL files were analysed using Arrayassist 5.5.1 software (Agilent).

Background was removed and chips were normalised using the Microarray suite
5 (MAS5S) algorithm before an absolute calls database was generated (101).
Signal intensities were transferred to Excel® and Ingenuity® Pathway Analysis

(IPA) software (Ingenuity Systems Inc) for further analysis.

2.9 Protein Analysis
2.9.1 Indirect immunofluorescent labelling of culture d cells

Immunolabelling of cells uses the specificity of antibody-antigen interactions to
visualise the distribution of a protein within a fixed cell population. Indirect
immunofluorescence uses two antibodies, the first or primary antibody targets
the protein of interest, whereas the secondary antibody is conjugated to a
fluorophore and binds specifically to the primary antibody. The fluorophore can
then be excited using an appropriate wavelength and the resulting emission

visualised using a fluorescent microscope.
2.9.1.1 Slide preparation

Teflon® coated 12-well multispot slides (CA Hendley) were wiped with 70%
(v/v) ethanol and autoclaved prior to use. Slides were placed into a sterile
4-chambered Hereaus box using sterile forceps. Cells in culture were sealed at
a density of 5x10° i 2x10* cells/well, depending on the experiment. Slides
were then incubated at 37°C for 3 hours to allow cell attachment prior to

flooding with 5ml of the appropriate medium. At designated time points, cells
were fixed using either methanol:acetone (50:50) or 10% (v/v) formalin

depending on the antigen of interest.

80



Chapter 2

2.9.1.2 Methanol:Acetone fixation

Cells were fixed by immersion in 5ml of 50:50 (v/v) methanol:acetone for 30
seconds, air dried and stored desiccated at -20°C until required. Once thawed
to ambient temperature, wells were delineated using a delineating pen

(DakoCytomation).

2.9.1.3 Formalin fixation

Slides were fixed in 10% (v/v) formalin in PBSC for 15 minutes and then
washed with PBS for 5 minutes. Cells were permeabilised and blocked with
0.5% (v/v) Triton -X + 5% (v/v) FBS in PBS for 1 hour at ambient temperature.

Wells were then delineated using a delineating pen.

2.9.1.4 Fluorescent immunolabelling of cultured cells

50ul of primary antibody at a predetermined dilution was added t o each well
and incubated for 16 hours at 4°C. No primary antibody negative controls (TBS
only) were included in each experiment. Slides were washed 3x in TBS
(appendix 1) for 5 minutes. 50ul of appropriate Alexa 488/Alexa 594 -
conjugated secondary antibody was applied to each well and incubated in the
dark, at ambient temperature for 1 hour. Slides were then washed five times
with TBS on an orbital shaker for five minutes each. To aid visualisation, the
cell nuclei were stained with Hoechst 33258 (0.1ug/ml) in the penultimate
wash. Slides were air-dried, mounted in DABCO/glycerol antifade (appendix II)

to reduce photo-bleaching and sealed with nail varnish.

2.9.1.5 Photomicroscopy of immunofluorescent labelled cells

Cells were visualised on an Olympus BX60 microscope under epifluorescent
illumination using x20, x40 and x60 oil immersion objectives. The microscope

was equipped with the appropriate excitation and emission filters for
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bisbenzimide, dual and specific filters for FITC and Texas Red. Images were
taken using an Olympus DP50 digital camera and analysed with Image-Pro®
Plus software (MediaCybernetics) and Photoshop CS4 (Adobg as outlines in
section 2.9.1.6.

2.9.1.6 Calculating nuclear and cytoplasmic protein expres sion from

immunofluorescent images

Nuclear and cytoplasmic labelling was quantified using Photoshop CS4 (Adobe)
as described by Kirkeby and colleagues(102). In brief, Hoechst images were
superimposed onto the adjacent fluorescent image to be quantified.
Background labelling was normalised and the Hoechst image was used as a
mask to calculate mean nuclear intensity from the histogram. Selection was
then inversed to give cytoplasmic and membrane labelling intensities. One
should note that if images are over-saturated Photoshop™ will not be able to
make any distinction between saturated and over-saturated pixels and

inaccuracies in the quantification of mean nuclear intensity will result.

2.9.2 Wester n blotting

Western blotting is a powerful and widely used analytical technique to detect
specific proteins within a cell lysate. The principle of western blotting involves
size fractionation of a cell lysate using gel-electrophoresis and subsequent
transfer onto a solid membrane prior to addition of an antibody specific to the

target protein of interest. A near -infrared (NR) fluorphore-conjugated
secondary antibody raised against the primary antibody is then added to the

membrane and the membrane is scanned using an infrared scanner.
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2.9.2.1 Protein extraction

Cell cultures were lysed /n situ at approx 70% confluence unless otherwise
stated. Medium was aspirated and cell sheets were washed 2x in ice-cold D-
PBS (Appendix 1l). 100ul of 2x sodium dodecyl sulphate (SDS) buffer
(appendix Il) containing 2mg/ml DTT and 0.2%(v/v) protease inhibitor cocktail

set 3 (Calbiochem) was pipetted onto the cell monolayer and the cells were
scraped using a cell scraper (Greiner) into a chilled microcentrifuge tube.
Samples were sonicated using an ultrasonic probe (Jencons Scientific) for three
10-second bursts and then rested on ice for 30 minutes. The lysates were
centrifuged at 18,5009, 4°C for 30 minutes t o pellet the insoluble material

before aliquoting the supernatant and storing at -20°C.
2.9.2.2 Protein Quantification

Total protein content of each sample was determined using a Coomassie
protein reagent assay kit (Pierce). Samples were diluted 1:12.5 in dH,0O and
10ul was aliquoted in duplicate into a 96-well flat bottomed plate. A seven
point standard curve of 0-1mg/ml BSA (Pierce) was included on each plate.
200ul of ambient temperature Coomassie reagent was added to each well and
mixed gently by pipetting. Absorbance was measured using a Multiskan
Ascenf® V1.25 plate reader (Thermo Fisher) at 570nm (test) and 630nm
(reference) against a dH,O control. Ascent software 2.6 (Thermo Fisher) was
used to plot a standard curve for the BSA and to estimate the protein

concentration for each lysate.
2.9.2.3 SDS-Polyacrylamide gel Electropho  resis (SDS -PAGE)

20ug of protein lysate was made up to 13pl with 2x SDS-lysis buffer. 5ul of 4x
lithium dodecyl sulfate sample buffer (LDS; Invitrogen) and 2ul of 10x reducing
agent (Invitrogen) was added and the sample denatured by heating to 70°C for

10 minutes in a heatblock. 10-well NUPAGEM Novex electrophoresis pre-cast
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gels (Invitrogen) were placed into an X cel/ Surelock™

mini-cell upright
electrophoresis tank (Invitrogen). 200ml and 600ml of 1x NuPAGE™ SDS
running buffer (Invitrogen) was poured into the inner and outer chambers,
respectively. 500pl of NUPAGEM antioxidant (Invitrogen) was added to the
inner chamber prior to loading of the samples. 5ul of All -Blue Precision Plus
Protein™ standard (Bio-Rad) was loaded alongside as a marker of protein size

and the gel was run at 150V for 90 minutes.
2.9.2.4 Electrophoretic membrane transfer

Electrophoretically-seperated proteins were transferred onto Immobilon -P™
polyvinylidine difluoride membrane (PVDF; Millipore) using an Xce// 1| ™ blot
module (Invitrogen). PVDF membrane was dipped in methanol, rinsed in dH ;0
and then soaked in O0.5x ATowbino transf
(appendix Il) along with the required number of blotting pads and Whatman ™
filter paper (SLS) for 30 minutes. The gel membrane sandwich was assembled
cathode to anode as follows; 2x blot pads, filter paper, gel, PVDF membrane,
filter paper, 2x blot pads. The blot module was secured into the X cel/
SureLock™ Mini-Cell and filled with transfer buffer. Th e outer chamber was

filled with dH >0 and the transfer was performed at 25V for 2 hours on ice.
2.9.2.5 Ponceau Red staining

Protein transfer was visualised on the PVDF membrane by reversible Ponceau
red staining. The PVDF membrane was soaked in 42mM Ponceau redin 3%

(v/v) trichloroacetic acid for 5 -seconds and then washed in dH,0O.
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2.9.2.6 Immunolabelling of PVDF membrane using Li -Cor Odyssey

To minimise non-specific binding, membranes were blocked in 50:50 (v/v)
Odyssey blocking buffer (Li-Cor):10mM TBS pH 7.6 at ambient temperature on
an orbital shaker for 1 hour. Membranes were then probed for 16 hours at 4°C
with 5-8ml of pre-titrated primary antibody diluted in 50:50 Odyssey blocking
buffer:TBS+0.2% (v/v)Tween -20 (Table 2-1). Membranes were washed 5x 5
minutes in TBS+0.1% (v/v)Tween -20 prior to addition of 5ml of appropriate
Alexa Fluof® -conjugated secondary antibody (Table 2-2) for 1 hour at ambient
temperature with shaking. Membranes were washed as for primary antibody
and then washed 1x for 5 minutes with TBS prior to visualisation using an
Odyssey™ Infra-red Imaging system (Li-Cor). Equal loading was verified using
an antibody raised agai nsdtin. tDaAnsitorhetywase
performed using Odyssey V1.1 software (L-Cor) and protein expression was

normal i sed -actnl ati ve to a
2.9.2.7 Membrane stripping and re  -probing

PVDF Membranes were incubated in 5mis of 1xwestern blot recycling reagent
(Autogen Bioclear) for 20-30 minutes at ambient temperature on an orbital
shaker. Membranes were then washed in TBS, re-blocked with 50:50 (v/v)

Odyssey blocking buffer:TBS and re-probed up to 4 times.

2.10 Cell based assays
2.10.1 Cell viability assay

Cell viability was measured using a Methylthiazolyldiphenyttetrazolium bromide
(MTT) assay. MTT is reduced to an insoluble formazan purple crystal by the
activity of the mitochondrial enzyme, dehydrogenase. The amount of formazan
purple crystal produced over a set time period can be measured by dissolving in

a suitable solvent and performing a spectrophotometric analysis. The amount
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of formazan crystal produced is generally proportional to the amount of

mitochondrial activity and is assumed to be comparable to viable cell number.

NHU cells were seeded into a 96well Primaria™ plate at a density of 2x10° cells
per well in 200ul of KSFMc and were incubated for 24 hours at 37°C (day - 1).
Plates were treated with inhibitors in triplicate wells (day 0) and assayed at day
0,1, 3 and 6. A solvent balanced control was included at each timepoint. To
assay, medium was removed and 200ul of 0.5mg/ml MTT was incubated on the
cells for 4 hours at 37°C. MTT solution was then removed and the resulting
formazan crystals were dissolved in 200ul of spectrophotometric grade DMSO.
Absorbance was measured at 570nm (test) and 630nm (reference) against a
DMSO control using a Multiskan Ascenf V1.25 plate reader (Thermo Fisher)
and Ascent software 2.6 (Thermo Fisher). Absorbance is directly proportional
to mitochondrial activity in each sample, which in turn is assumed to be

proportional to viable cell biomass and cell number.

2.10.2 Luciferase Reporter assays

Reporter assays are used to assess the activity of a signal transductian pathway
by assessing the functional status of the downstream transcription factor (TF).
Luciferase (Luc) reporter constructs contain the TF binding site of interest,
upstream of a luciferase reporter gene. The vector can be transfected into cells

and the activity of the reporter gene measured using a chemiluminescent assay.
2.10.2.1 TOPFLASH/FOPFLASH TCF reporter plasmids

TOPFLASH TCF reporter plasmid ( Mcakehin
mediated transcription first described by Korinek and colleagues (103).
Activation of the three TCF-binding sites upstream of a thymidine kinase (tk)
minimal promoter leads to transcription and translation of the encoding Firefly
luciferase (Photinus pyralis) gene (Figure 2-2) and can be quantified via a dual

luciferase reporter assay (section 2.10.3.6). The negative control plasmid,
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FOPFLASH Rigure 2-2), has an identical backbone and minimal promoter but
contains a mutated TCF binding site which does not bind TCF transcription

factor and is used to assess basal activity from the minimal promoter.

TOPFLASH FOPFLASH

(wt TCF binding sites) 3 (mutant TCF binding sites)

Figure 2-2 TOPFLASH/FOPFLASH vectors

Schematic representation of the luciferase reporter constructs TOPFLASH and FOPFLASH used
for assessing TCF trancription factor activity. In bacteria, plasmid is replicated using the ColE1
origin of replication (ColE1°") and successfully transformed cells are sdected via expression of
the ampicillin resistance casette (Amp). In mammalian cells, Firefly luciferase expression is
driven via the thymidine kinase minimal promoter (TK prom.) and potential TCF binding sites.

Image reproduced from Millipore catalogue number 1-285.
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2.10.2.2 pRL-CMV internal control plasmid

The pRL-CMV vector (Figure 2-3; Promega) is a normalising transfection control
reporter for use in combination with the Firefly luciferase reporter construct,

(TOPFLASH/FOPFLASH). pRCMV contains a CMVfppromoter to drive high -level
expression of Renilla luciferase Renilla Reniformis) which can be measured in

conjunction with Firefly luciferase using a Dual luciferase reporter assay.

pRL-GMV
Vector

CMV Immediate Early
Enhancer/Promater

M | 1058

Figure 2-3 pRL-CMV reporter construct

pRL-CMV is intended for use as an internal control reporter vector in combination with a Firefly
luciferase reporter vector such as TOPFLASH/FOPFLASHIRL-CMV Vector can be propagated in
competent E.coli bacteria using the ColE1 origin of replication ( Orj). Successfully transformed
cells can be selected via expression of the ampicillin resistance gene (Amp). pRL-CMV
contains the cytomegalovirus (CMV) immediate/early enhancer/promote to drive high -level

expression of Renillaluciferase (R/uc) in mammalian cells. An SV40 Late Polyadenylation Signal
(SV40 late poly(A)) enhances RNA stability and translation via the addition of a poly A-tail.

Image reproduced from catalogue E2261 (Promega).

2.10.2.3 Transfection

The transfection of NHU cells using liposome-based gene transfer was
optimised using a GFP reporter plasmid and analysis by flow cytometry (FSC vs.

SSC plots and histogams can be found in Appendix VII). Five different
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transfection reagents were tested in parallel on NHU cells, alongside a non-
transfected control to assess toxicity. Each reagent was tested at the
manufacturero6s recommended ratio of

Fugene®HD (Roche) was chosen as the most effective reagent for liposome
mediated gene delivery as it was tolerated well by NHU cells and yielded the

highest transfection rate (Appendix VII ).

2.10.2.4 Transfection of NHU cells with Fugene ®HD transfection

reagent

NHU cells were seeded into a 24well plate in KSFMc at a concentration of
4x10* cell/well and incubated overnight at 37°C in 5% CO in air. The following
day, 0.5ug of either TOPFLASH or FOPFLASH along with 0.01pg of pRCMV
plasmid was mixed in 40ul of serum-free medium (Optimem; Invitrogen)

containing 3ul of Fugene® HD transfection reagent and incubated at ambient
temperature for 30 minutes. KSFMc was removed from the 24-well plate and
replaced with 0.5ml of Optimem medium. DNA:Fugene complex was added
dropwise to each well and gently mixed by rocking. The transfection was

incubated at 37°C with 5% CO in air for 16 hours, after which the medium was

replaced with normal growth medium and the cells were treated with Wnt

|l igand or GSK3a&2howshi bitor for 24

2.10.2.5 Celllysis

Medium was removed and cells were rinsed in 1ml of PBS perwell. 100ul of 1x
passive lysis buffer (Promega) was incubated in each well for 15 minutes with
gentle agitation. Lysate was transferred to a 1.5ml autoclaved microcentrifuge

tube and stored at -20°C for no more than 2 weeks before analysis.
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2.10.2.6 Dual lucife rase reporter assay

All reagents were prepared as described by the manufacturer (Promega). In
short, lyophilised Firefly luciferase assay substrate was reconstituted in 10ml of
luciferase assay buffer Il (LARIl). Stop and Glo™ reagent was prepared by
mixing 1:50 Stop and glo™ buffer to 50x Stop and Glo™ substrate. Both
reagents were kept out of the light and on ice. 20ul of each sample to be
tested was dispensed into a black flat-bottomed 96-well plate in triplicate.
100ul of LARII was dispensed into each well and luminescence from Firefly
luciferase was measured using a BMG Labtech POLARstar Optima plate reader.
100p! of Stop and Glo™ reagent was then added to extinguish Firefly luciferase
activity and activate Renilla luciferase. Luminescence from Renilla luciferase
was recorded and used to normalise the experimental data for differences in

transfection efficiency (Figure 2-4).
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Gene transcription @ ” — Constitutive gene transcription

CMV Promoter | Renillaluciferase

TCF binding site

CMV-Renilla (loading CTR)

N/

Transfect with Fugene HD transfection reagent

Add treatment eg: GSK3p inhibitor

l

Incubate for up to 72hrs

!

Lyse cells

Add Firefly Luciferase substrate

Measure Firefly Luciferase activity

Add"Stop and Glo” which quenches Firefly Luciferase
activity and acts as a substrate for Renilla Luciferase

Measure Renilla luciferase activity

Figure 2-4 Dual Luciferase reporter assay

Schematical representation of a dual luciferase assay to measure Wnt signalling and

downstream TCF activity. Adapted from Promega technical manual TM040.
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2.10.3 Flow Cytometry

NHU Cells were harvested as for raitine passaging, washed and re-suspended
in 100l of FACS buffer (PBS with 1% (v/v) FBS) prior to analysis on a Beckman
Coulter Epics XL FACS machine. Untransfected cells were used as a control to
gate the live cell population. Cells treated with transfection reagent alone (no
plasmid) were used as a negative control. A total of 10,000 live cells were
collected per analysis. Side scatter (SSC)was plotted against forward scatter
(FSC) and GFP fluorescence was measured in the FITC channel. Scatter plots

and histograms were analysed using Summit Software v4.3 (DakoCytomation).

2.11 Statistical analysis

Data was represented graphically using either Excel® (Microsoft) or Sigmaplot
11.0 (Systat Software). Where possible, data was presented as the mean of all
replicates with error bars representing + one standard deviation. Statistical
analysis was performed using GraphPad InStat software V3.05 (GraphPad)
when at least three data points were obtained, in which case, the data were
confirmed to be drawn from Gaussian distribution. One-way analysis of
variance (ANOVA) tests were used to compare three or more sample means,
along with the appropriate post-test. Bonferroni multiple comparison post -tests
were used to test which treatments were significantly different from each other.
A two-tailed, unpaired t-test was used to compare two sample means. Levels
of significance are cited in the text and assumed to be significant where
P<0.05.
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3 Screening for components of the canonical Wnt

pathway in Normal Human Urothelial cells

3.1 Aims

The aims of this chapter were:

1 To determine if fundamental components of the canonical Wnt signalling
pathway were present at the mRNA level in NHU cells.

1 To investigate the hypothesis that Wnt signalling is involved in the
development and maintenance of the proliferative phenotype imp ortant

in urothelial repair and regeneration.
Specific objectives of this sub-chapter were:

T To use mRNA Affymetrix™ genechip expression data to assess the
presence of essential components of the canonical Wnt signalling
cascade in proliferating NHU cells /in vitro.

1 To compare the mRNA expression profile of Wnt signalling components

during proliferation, when quiescent and after differentiation.
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3.2 Experimental Design

Affymetrix™ U133 plus 2 mRNA genechip files previously generated by Dr. J.
Fleming (Jadk Birch Unit; University of York) were used as a screening tool to
assess the presence or absence of mMRNA transcript from genes implicated in
the Wnt canonical signalling cascade. The data set consisted of a six day time
course (6 hours, 24 hours, 72 hours, and 144 hours) from a bladder-derived

NHU cell line (Y676) that had been treated as outlined below and in Figure 3-1:
Maintained as a non-differentiated culture.

| nduced to differentiate with 10M trogl
concurrent EGFR blockade using 1uM PD153035 (TZ/PD).

Induced to differentiate with 5% (v/v) adult bovine serum (ABS) and 2mM

calcium chloride (ABS/C&™).

Gene chip raw data files (.cel) were imported into Genespring GX v11.0.
Background correction, normalisation and probe summarisation were performed
using the MASS5 algorithm. Internal hybridisation controls were checked to
assess the reliability of the data from each chip and unreliable chips were
removed from the analysis. An absolute calls database was generated for each
probe set using the background correction and MASS5 algorithm. Probe sets
were assigned an absent, marginal or present call using the standard
thesholding criteria within the MAS5 algorithm. Genes with no present call in
any of the chips were omitted. A list of probe sets with at least one present call

was compiled and exported into Microsoft Excel® as well as Ingenuity™ IPA

software for further analysis.
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Y676 NHU cell line 1xT75 flask (P2) passaged 1:4

¥ ¥ ¥
Non-differentiated TZ/PD differentiation ABS/Ca differentiation

1XT75 (P3) 1XT75 (P3) 1XT75 (P3)

4xT25 seeded at 0.5x108 per flask 4xT25 seeded at 0.5x10° per flask
(P4) in KSFMc (P4) in KSFMc 1xXT75in KSFMc+ 5%ABS
Allow to grow for 3 Allow to grow for 3 Grow to confluency
days days (7 days)

Medium change (M/C) M/C with KSFMc+1puM Trypsinize and re-seed into 4xT25
with fresh KSFMc Troglitazone for 24 hrs (KSFMc+5% ABS) for 24hrs
M/C with fresh KSFMc M/Cwith KSFMc+1pM M/Cto KSFMc+5%ABS+2mM
(day 0) PD153035 (day 0) CaCl, (day 0)

Extract RNA at 6h, 1 day, 3 days and 6 days (M/C at day 3)

Figure 3-1 Schematic representing the experimental design for the

microarray time course experiment

Bladder-derived NHU cell line (Y676) was passaged at a split ratio of 1:3 and grown as either a
non-differentiated monolayer or induced to differentiate using two independent methods
(TZ/PD or ABS/C&"). RNA was extracted using TRIzol at 4 time points over the course of 6
days to look at the changes in mRNA profile during the transition from prolife rative to confluent

monolayer, as well as during differentiation.
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Each microarray was firstly interrogated for well-characterised markers of
proliferation. This was achieved by assessing the expression of a subset of
genes il nvol ved i n t he cel |l cycl e, knowv
(reviewed by (115)) . Expression of the dAprolifereé
with the proliferation rate of cell s in culture and can be used as a defined
marker of cell cycle progression (115). This signature can vary between cell
types but there is a core set of genes whose highest expression always
correlates with a rapid proliferation rate. These genes are PLK1, BUB1 and
TOP2A (all genes which contain a FOXML1 transcription factor binding site) ard

are important in initiating t he transition from G, i M (Figure 3-2).

PLK1
BUB1

TOP2A

Cell cycle

T MKI67

Figure 3-2 Cell cycle and asso ciated proliferation marker gene

expression
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If a marker was represented by more than one probe set, the most specific and

sensitive probe set (as ranked by Geneannot Microarray Gene Annotation,
Weizmann Institute of Science (116)) was plotted. Each chip was ranked
according to its expression of each proliferation marker. Each differentiated
time series was validated manually using specific markers of terminal urothelial
differentiation and ranked accordingly. The chip ranked as the most
proliferative was then compared to the least proliferative (quiescent) and the

most terminally differentiated. Changes greater than 2 -fold were exported into
Ingenuity ™ IPA software and a gene ontology analysis was undertaken to
establish which biological processes and signalling pathways were altered in the

following scenarios:

1 Quiescent cells vs. proliferating cells
1 Tz/PD terminally differentiated cells vs. proliferating cells

1 ABS/Ca 2+ terminally differentiated cells vs. proliferating cells

Specific changes in the Wnt pathway were interrogated manually using Excel®.
Wnt ligands, receptors and downstream gene targets, as well as known
agonists and antagonists were expressed as log2 fold change and represented

in schematic as well as tabular form.

Changes in gene expression were confirmed for 13 targets using RT-PCR and
MRNA from the original Y676 cell line used to generate the Affymetrix
Genechips RNA from uncultured stripped urothelium (Y1043) was used to
assess the presence of transcript /in vivo. A genomic DNA positive control and a
no template control were included in all experiments. Reverse transcriptase
negative samples were included to verify samples were free from genomic DNA
contamination. Primers targeted to UPK2 and MKI67 were used to assess
differentiation and proliferation, respectively. Expression changes were then
validated on differentiated and undifferentiated cultures from thr ee independent
NHU cell lines (Y878, Y372 and Y387) using SYBRyreen | RT-gPCR and the

appropriate controls.
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3.3 Results

3.3.1 Quality control assessment

Quality control analysis of the MAS5 normalised data was undertaken in
Genespring GX v11.0. Internal controls for housekeeping genes, GAPDH,
a-actin, 18s rRNA and 28s rRNA were used to assess the quality of the
hybridi sed c¢cDNA by measur iandN-termieal pgobe
sets. A ratio greater than 3 indicated either RNA degradation prior to cDNA
synthesis or incomplete cDNA synthesis during reverse transcription. Two chips
out of the 12 failed the acceptable 3 -fold cut off for one gene ( Table 3-1).
These were data points TZ/PD 6h and TZ/PD 72 h.

Log2 MAS5 normalised signal intensities for the externally spiked hybridisation
controls; BioB, BioC, BioD (from the E.co/i biotin synthesis pathway) and CreX

(from the recombinase gene for P1 bacteriophage) were plotted and displayed

as line graphs. BioB, bioC, bioD and CreX signal intensities increased as
expected indicating hybridisation was acceptable for all chips except TZ/PD 6h
(Figure 3-3).

Box and whisker plots were drawn from the median, 25" quartile and 75"
quartile (Figure 3-4). One chip had a significantly higher than average median
and spread of data. This was data point TZ/PD 6h. To enable accurate
comparison between chips, data must be similar in range and quality.
Hybridisation problems and quality issues could skew the results but as there
were no technical replicates (N=1) within the experiment, chip substitutions

were not possible. Time point TZ/PD 6h had quality control issues, signifying
possible RNA degradation. It also had a larger than average spread of data,
indicating high levels of background which would produce a skewed distribution
of expression (i.e., was not normally distributed). Chip TZ/PD 6h was therefore
removed from the data set and the data was normalised once again using the

MASS algorithm.
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B-actin (X00351 at) GAPDH (M33197 at) 185 rRNA [M10098_ at) 28s rRNA (M27830 _ at)
Proliferating 6h 1.332 1.012 1.535 0.067
Proliferating 24h 1.414 1.014 1.665 0.068
Proliferating 72h 1.333 1.003 1.617 0.067
Proliferating 144h 1.439 0.990 1.385 0.084
Tz/PD 6h 1421 1.033 4.742 0.997
TZ/PD 24h 1.614 0.992 1.129 0.025
TZ/PD 72h 3.354 1.060 0.956 0.071
TZ/PD 144h 2.423 1.228 1.263 0.073
ABS/Ca 6h 1.202 0.998 1.741 0.125
ABS/Ca 24h 1.549 1.025 1.613 0.081
ABS/Ca 72h 1.500 1.005 2.123 0.073
ABS/Ca 144h 1.557 1.037 1451 0.263

Table 3-1 Affymetrix internal controls

Table of 36/ 506 r at i eastin, IGARDH,i18StrRNAnaad 28ScrBNAL rA adtics
higher than 3 indicates RNA degradation. Boxes highlighted in yellow indicate samples that
failed the quality control check for RNA degradation.
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Figure 3-3 Spiked hybridisation controls

Log2 normalised signal values for spiked biotin-labelled cRNA transcripts from bioB, bioC, bioD
and cre at 1.5, 5, 25, and 100pm respectively. All chips show a similar level of hybridisation
except chip TZ/PD 6h (labelled in green) which has a lower normalised signal value for bioB

indicating an issue with cRNA hybridisation.
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Figure 3-4 Affymetrix array analysis box and whisker plots

Normalised MASS intensity values for all probes within the U133 plus 2 chip were displayed as a
box and whisker plot. Blue boxes indicate the median, 25" and 75" quartile, whiskers indicate
the 5" and 95" quartile. Points in red indicate outliers. Chip TZ/PD 6h had a higher than

average median intensity as well as a larger spread of data.

3.3.2 Assessment of the proliferation signature

PLK1, TOP2A and BUB1 mRNA expression wasid¢iher in the non-differentiated
time series compared to the TZ/PD and ABS/C&" treated cells (Figure 3-5).
Within the non-differentiated time series, mMRNA expression peaked at 24 hours
for all three markers (Figure 3-5). MKI67 expression also correlated well, with
its highest expression seen at the 24 hour time point ( Figure 3-5). The 24 hour
time point scored the highest for all four markers and was ranked as the most

proliferative. The 144 hour time point was ranked as the least proliferative
(Table 3-2).
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Figure 3-5 Expression of proliferation markers

Affymetrix ™ mRNA microarray analysis of proliferation markers PLK1, TOP2A, BUB1 and MKI67
in cultures of non-differentiated and differentiated NHU cells over a 6 day time course. Data is
expressed as arbitrary MAS5 normalised signal intensities. Black bars represent non-
differentiated NHU cultures. Dotted bars represent NHU cultures induced to differentiate with
the addition of TZ/PD. Striped bars represent NHU cultures induced to differentiated with
ABS/C&"
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Time point PLK1 TOP2A BUB1 MKI67 Score Rank
6 +++ +++ +++ +++ 12 2nd
24 ++++ ++++ ++++ ++++ 16 1st
72 + ++ ++ ++ 7 3rd
144 ++ + + + 5 4th

Table 3-2 Ranking non -differentiated NHU cultures according to

expression of proliferation markers

Non-differentiated NHU cultures were ranked according to their expression of PLK1, TOP2A,
BUB1 and MKI67 mRNA expression using AffymetriX" microarray data from a 6 day time

course. Key; + lowest expression over time, ++++ highest lev el of expression over time.

3.3.3 Assessment of differentiation

Each time series was assessed for markers of urothelial differentiation. With
both differentiation protocols UPK2 and UPK3a were seen to accumulate over
time with the final time point of 144 hours expressing the highest amount of
UPK2 and UPK3a mRNAKigure 3-6). Almost no UPK2 or URK3 was detected in
any of the non-differentiated cultures (KSFMc). KRT7 expression increased
over time in the TZ/PD model but was relatively unchanged in the ABS/Ca**
model (Figure 3-6). This was probably due to the fact that the ABS/Ca®*
cultures were pre-treated prior to commencement of the time course. Pre
treatment of cultures with 5% (v/v) ABS is a prerequisite to obtain a tight

epithelial barrier in accordance with the published method (94). Because of
this, KRT7 up-regulation had probably already occurred (evident from the high

KRT7 expression at6h) and thus was not observed as a change in the dataset.
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Cultures induced to differentiated using either method express urothelial
terminal differentiation markers, but only the ABS/Ca?* model is known to result
in a functional barrier (94). The factors that contribute to this are yet to be
defined but both models are thought
For this reason each differentiation procedure was compared separately to the

proliferating culture with common changes compiled at the end.

CLDN4 expression varied sigificantly over the 144 hour time course with no
real trend (Figure 3-6). CLDN4 was seen to increase in the non-differentiated
(KSFMc) cultures by > 5-fold between time points 24 -72 hours. Both systems
of inducing differentiation were ranked according to expression of the four

markers of urothelial differentiation. For both systems, the final time point of

144 hour s was rankedtedde mo st i A dTadefr e rdean

3-3,Table 3-4).
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Figure 3-6 Expression of urothelial differentiation - associated markers

Affymetrix mMRNA microarray analysis of urothelial specific markers of differentiation UPK3a,
KRT7, UPK2 and CLD4 in cultures of nordifferentiated and differentiated NHU cells over a six
day time course. Data is expressed as arbitrary MAS5 normalised signal intensities. Black bars
represent non-differentiated NHU cultures. Dotted bars represent NHU cultures induced to
differentiate with the addition of TZ/PD. Striped bars represent NHU cultures induced to

differentiate with ABS/Ca**
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Time point UPK2 UPK3a KRT7 CLDN4 | Score Rank
6 ND ND ND ND N/A
24 + + + + 4 3rd
72 ++ ++ ++ +++ 9 2nd
144 +++ +++ +++ +++ 11 1st

Table 3-3 Ranking TZ/PD treated NHU cultures over time according to

their expression of urothelial markers of terminal differentiation

TZ/PD treated NHU cultures were ranked according to their expression of UPK2, UPK3a, KRT7

and CLDN4 mRNA expression using AffymetriX microarray data from a 6 day time course.

Key; + lowest expression over time, ++++ highest level of expression over time.  ND= no data
as chip removed.
Time point UPK2 UPK3a KRT7 CLDN4 | Score Rank
6 + + ++ ++++ 8 3rd/4th
24 +++ ++ + ++ 8 3rd/4th
72 ++ +++ +++ +++ 11 2nd
144 ++++ ++++ ++++ + 13 1st
Table 3-4 Ranking ABS/Ca 2" treated NHU cultures over time

according to their expression of urothelial markers of terminal

differentiation

ABS/Ca2+ treated NHU cultures were ranked according to their expression of UPK2, UPK3a,
KRT7 and CLDN4 mRNA expression using Affymetri®! microarray data from a six day time
course. Note induction of differentiation procedure for ABS/Ca contains pre-treatment). Key; +

lowest expression over time, ++++ highest level of expression over time.
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3.3.4 Ontology analysis

20, 490 genes wer efrom the MdSTInoringlised wadifaratiog 24
hour time point. These genes were imported into ingenuity IPA software and a
core functional analysis was undertaken. The highest ranked functions were
gene expression, cell cycle control, RNA post transcriptional modification and

cell growth.

Ontology analysis of the significant changes (2127 >2 fold) between quiescent
and proliferating cultures revealed 18 signalling pathways significantly altered,
of which Wnt was ranked 6™ behind Notch, Sonic Hedgehog, mTOR, HEN and
p53 signalling (Figure 3-7). Further analysis of the Wnt-specific changes,
revealed 6 Wnt related genes were up-regulated and 4 were down-regulated
(Table 3-5).

Ontology analysis of the significant changes (2896 >2 fold) between TZ/PD
differentiated and proliferating cultures revealed 22 signalling pathways were
significantly altered of which Wnt signalling was ranked 17" (Figure 3-8). In
total, 23 Wnt related changes were found, 8 o f which were up-regulated and 15

down-regulated (Table 3-5).

Ontology analysis of the significant changes (2187 >2 fold) between ABS/Ca?*
differentiated and proliferating cultures revealed 22 signalling pathways were
significantly altered of which Wnt signalling was ranked 16" (Figure 3-9). 21
Wnt pathway-associated changes were seen, with 9 components up-regulated

and 12 down-regulated (Table 3-5).
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Quiescent | TZ/PD ABS/Ca?"
Wntgenesup-r egul ated ( O|6 8 9
Wntgenesdown-r egul at ed (|4 15 12
Total Wnt related d10 23 21
Total gene changes across chip 2127 2896 2187

Table 3-5 Number of Wnt related genes up

quiescent and differentiated NHU cultures compared to proliferating

NHU cell cultures

- and down -regulated in

Number of Wnt signalling components altered by at least 2-fold in quiescent, TZ/PD

differentiated and ABS/C&" differentiated cultures when compared to proliferating NHU cell

cultures.
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Figure 3-7 Ontologies of genes up - and down -regulated in quiescent

NHU cells compared to proliferating NHU cells in vitro

Genes involved in signal transduction with at least a 2 -fold change in mRNA expression (total
gene changes 2127) were categorised according to the pathway in which they function. Up -
regulated genes are expressed as red bars and down regulated as green bars. Signalling
pathways were then ranked according to the percentage of gene altered within each pathway.

Some genes may function in more than one pathway. Bar charts were drawn using Ingenuity ™

IPA software.
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Figure 3-8 Ontologi es of genes up - and down -regulated in TZ/PD

treated NHU cells compared to proliferating NHU cells

n vitro

Genes involved in signal transduction with at least a 2-fold change in mRNA expression (total

gene changes 2127) were categorised according to the pathway in which they function. Up -

regulated genes are expressed as red bars and downregulated as green bars.

Signalling

pathways were then ranked according to the percentage of gene altered within each pathway.

Some genes may function in more than one pathway. Bar charts were drawn using Ingenuity ™

IPA software.
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Figure 3-9 Ontologies of genes up - and down -regulated in ABS/Ca 2"

treated NHU cells compared to proliferating NHU cells in vitro

Genes involved in signal transduction with at least a 2 -fold change in mRNA expression (total
gene changes 2127) were categorised according to the pathway in which they function. Up -
regulated genes are expressed as red bars and downregulated as green bars. Signalling
pathways were then ranked according to the percentage of gene altered within each pathway.

Some genes may function in more than one pathway. Bar charts were drawn using Ingenuity ™

IPA software.
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3.3.5 In depth analysis of Wnt associated genes

Wnt pathway related mRNA transcripts were comprehensively analysed using
the normalised MAS5 data imported into Excel’. All fundamental components
necessary for a functional Wnt cascade were present at the mRNA level in the
proliferating NHU culture (Figure 3-10). All constituents downstream from the
frizzled receptor to TCF/Lef transcription factors were categorised as present
using the calls database generated through MASS5. For several components,
more than one gene was expressed at the mRNA level and thus to aid
visualisation, data was interpreted as a schematical Wnt cascade with present
transcripts detailed alongside each component (Figure 3-10). Seven receptors,
all of which were known to play a role in transducing the Wnt canonical signal,
were present. 20 known transcriptional Wnt signalling targets were p resent in
proliferating NHU cells. A number of intracellular as well as extracellular Wnt
signalling antagonists were also expressed at the mRNA level including DKK,
Kremen, CBY, CTNNBIP and NLK. mRNA transcript for four Wnt ligands were

also present.

Manual interrogation of the fold change values from the quiescent vs.
proliferating chips revealed 13 significant (>2 fold) Wnt pathway changes
(Figure 3-11). Expression of four Wnt ligands significantly increased when the
culture was quiescent. One Frizzled receptor, Fzd8 was also upregulated in the
quiescent population by 4.85-fold. Wifl, an extracellular Wnt signalling
antagonist was up-regulated 6.53-fold in the quiescent population. Five
downstream Wnt gene targets were down -regulated in the quiescent population
including Axin2 (down 2.38-fold), Twist (down 7.9 -fold) and Survivin (BIRC5

down 12.7-fold), although none are Wnt -specific.
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Figure 3-10 Schematical representation of the components present

from the canonical Wnt cascade in proliferating NHU cells

All coloured components were classified as present from MAS5 normalised AffymetriX" data

taken from proliferating NHU cells /n vitro. Components in white with dashed borders were

classed as absent in the proliferating NHU culture.

expressed are labelled at the side.

Components with more than one gene
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Figure 3-11 Schematical representation of the gene changes within

the canonical Wnt pathway in quiescent NHU cells

Genes with at least a 2-fold change in expression compared to the proliferative culture are

labelled as either red (up-regulated) or green (down-regulated). Actual changes in expression

are detailed within the tables and are expressed as signal log ratios (log base 2).
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Manual interrogation of the fold change differences between TZ/PD treated
cultures and proliferating NHU cultures revealed 23 members of the Wnt
pathway were significantly altered at the mRNA level. These gene changes
were displayed as an overlay on top of a schematic Wnt pathway along with
log2 fold change values (Figure 3-12). Immediate attention was drawn to the
fact that two Wnt antagonists were significantly up -regulated in the TZ/PD
treated culture compared to the proliferating culture, these were; sFrpl(up -
regulated 2.29 fold) which was classed as absent at the mRNA level in the
proliferating culture and Kremenl which was up-regulated 3.23 fold.
Noteworthy changes were also seen in four key Wnt pathway components,
these were; Wnt7a (down -regulated 4.23 fold), Wnt7b (up regulated 2.64 fold)
Fzd2 and Fzd4 (downregulated 4.56 and 5-f o | d respectively) a
(down regulated 4.2 fold). Ten downstream Wnt targets were also significantly

altered, with the majority down -regulated (7/10) ( Figure 3-12).

A comparative analysis of the ABS/C&" treated culture vs. the proliferative NHU
culture showed no up-regulation of Wnt antagonists. One important difference
between the TZ/PD and ABS/C&" model is the need for a pre-treatment with
5% (v/iv) ABS prior to passage into medium containing 5% (v/iv) ABS and
2mMCa&ChL (94) and therefore there is a time difference between the two
methods of differentiation which may account for the dissimilarity. As with the
TZ/PD model Fzd2 and Fzd4 were significantly downregulated (3.92 and 3.41-
fold, respectively). Wnt5a was significantly up-regulated (4.54 fold) and has
been implicated as both an activator and inhibitor of the canonical Wnt
pathway. Ten downstream targets were found to be significantly altered with
the majority (7/10) down -regulated (Figure 3-13). In total 23 genes involved in
either transducing the Wnt si geateninweser di r
significantly altered between the ABS/C&* and the proliferating NHU cell

cultures.
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Figure 3-12 Schematical represe ntation of the gene changes within

the canonical Wnt pathway in TZ/PD differentiated cultures

Genes with at least a 2-fold change in expression are labelled as either red (up-regulated) or

green (down-regulated). Actual changes in expression are detailed within the tables and are

expressed as signal log ratio

s (log base 2).
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Figure 3-13 Schematical representation of the gene changes within

the canonical Wnt pathway in ABS/Ca 2 differentiated cultures

Genes with at least a 2-fold change in expression compared to the proliferative culture are
labelled as either red (up-regulated) or green (down -regulated). Actual changes in expression

are detailed within the tables and are expressed as signal log ratios (log base 2).
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To facilitate analysis of all culture conditions, fold -change data was summarised
in a table (Table 3-6). mMRNA expression values for Wht components within the
quiescent and differentiated NHU cultures were compared to the proliferative
culture and expressed as fold change. Changes greater than two fold were
represented as a colour; red for a significantly up -regulated gene and green for

a significantly down-regulated gene.

Different Wnt ligands were up and down regulated between the two methods of
differentiation. No similarity in expression profile was observed. In the
quiescent NHU cell culture, four Wnt ligands showed up-regulated expression.
Fzd receptors showed a similar pattern of expression in the two differentiation
methods. In both the TZ/PD and ABS/Ca?* cultures, Fzd1 expression increased
when compared to the proliferative culture. Both Fzd2 and Fzd4 were down -
regulated in the TZ/PD and ABS/C&" cultures when compared to the
proliferative culture. Wnt signalling antagonists were seen to be altered in
expression when NHU cells were differentiated with TZ/PD. DKK3 was down
regulated, whereas Kremenl and sFrpl were both up-regulated. Expression of
Wnt signalling antagonists did not alter in the ABS/Ca®* model. Wifl was up-
regulated in the quiescent culture compared to the proliferative culture.
Several components important in transducing a Wnt signal changed in
expression when NHU cells were induced to differentiate. CBP, an important
par t o-tatenifiTEF teanscription complex increased in expression in both
models of differentiation. Axin2, part of the destruction complex as well as a
direct downstream target of the Wn t cascade, decreased in expression when
cells were induced to differentiate, and also when the culture became
confluent. Several downstream targets of the Wnt cascade were altered in
expression when cultures were differentiated as well as confluent. Axin2, c-
Jun, CD44 and Survivin were down-regulated in all conditions when compared
to the proliferative NHU cell culture. Both TZ/PD and ABS/C&" differentiation
lead to expression changes in Fzdl, Fzd2, Fzd4 and CBY. Changes in

expression of these genes as well as three well-characterised antagonists
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(DKKS3, sFrpl and Wifl) and three transcriptional targets (c-Jun, Axin2 and
CyclinD1) were verified using RT-PCR on the same RNA used to undertake the
Affymetrix ™ analysis. CyclinD1 expression was included inthe panel of targets

not because it showed any trend in expression in the Affymetrix ™ analysis but
because there 1is evidence-caehin ntaticnoim r el at
bladder cancer and over-expression of CyclinD1 (117). Three canonical Wnt

ligands (Wnt3, 5a and 7a) were also interrogated using RT-PCR. Changes seen

in the Affymetrix ™ and RT-PCR were then verified using RFGQPCR on three

independent cell lines.
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Gene TZ/PD | ABS/C&" | Quiescent

Ligands

Wwnt2
Wnt5a
Wnt5b
Wnt7a
Wnt7b
Wnt9a
Wntl0a

Receptors

Fzdl
Fzd2
Fzd4
Fzd8

Antagonists

DKK3
Kremenl
sFRP1
Wifl

Pathway components

CBP
Axin2
TCF4
CK1U
DVL2
TCF7L1
Lrp5
BCL9
CK1U
GSK3a

Adherens junction

E-Cadherin
P-Cadherin
U-catenin
p120
N-cadherin

Downstream targets

Axin2
c-Jun
Sox9
Twist
MMP7
EGFR
CD44
CLDN1
Survivin
Endothelin
C-MYC
PPARI
Cyclin D1
SKP2

Table 3-6 Summary of Affymetrix

the canonical Wnt pathway

Chapter 3

™ microarray results for changes in

Changes in mRNA expression are labelled as red (upregulated >2-fold) or green (down -

regulated >2 -fold).
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3.3.6 RT-PCR analysis

RT-PCR was used to verify the changes seen in the Affymetrix ™ array analysis.
UPK2 was only expressed in the ABS/C& treated NHU cell culture, TZ/PD
treated culture and freshly isolated (PO) urothelium as expected (Figure 3-14).
MKI67 was expressed in the proliferating NHU culture. A faint band was also
visualised in the freshly isolated urothelium. RT-PCR confirmed the presence of
wnt3, Wnt5a and Wnt7a in proliferating culture, quiescent and both
differentiation procedures. Interestingly, both Wnt3 and Wnt7a were absent
from freshly isolated urothelium. Fzdl did not appear to be expressed in
culture with only a very faint product in the freshly isolated urothelium. Fzd2
expression matched that observed in the Affymetrix™ analysis: mRNA was
detected in the proliferative and quiescent culture but was absent from
differentiated cultures. Fzd2 was also detected in the PO urothelium. Fzd4 was
expressed in all samples and gave no hint of a possible down-regulation upon
differentiation as observed in the Affymetrix ™ array data. DKK3 was expressed
in all samples including the PO urothelium. sFrpl was absent in all samples.
Wifl expression was very weak with only a very faint band visible in the
quiescent culture. This agreed with the results obtained from the Affymetrix
analysis. Axin2 mRNA was found in the proliferative culture as well as the PO
urothelium. A faint band for Axin2 was observed in the quiescent culture but no
MRNA for Axin2 was observed in either model of differentiation. Expression of
CyclinD1 was evident in all culture conditions as well as in the PO urothelium.
c-Jun mRNA was expressed in all culture conditions but appeared to be down
regulated upon differentiation. CBY RT-PCR failed with the genomic DNA

positive control and was therefore not taken forward.
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H-0 ne

Genomic DNA Positive CTR
gative CTR

Proliferating
Quiescent
ABS/Ca
TZ/PD

PO urothelium

C
o
-~
|¥]

MKI67

Wnt3

Wnt5a

Wnt7a
Fzd1
Fzd2
Fzd4
DKK3
sFRP1
Wifl
Dvl2
Axin2
Cyclin D1
C-Jun

GAPDH

Figure 3-14 mRNA expression of Wnt signalling components in NHU
cells invitro and in vivo

GAPDH RT negatives

RT-PCR analysis of Wnt signaling components from Y676 NHU cells grown in culture as a
proliferative monolayer, quiescent culture or differentiated using TZ/PD or ABS/C&*as well as
expression in uncultured stripped urothelium (Y1043). Human genomic DNA was used as a
template control. Water only was used as a no-template negative control. GAPDH was used as
a positive control to verify intact cONA. RT negatives were included to verify lack of gDNA

contamination in the cDNA.
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Although the RT-PCR data was not quantitative, it provided back up data to the

Affymetrix™ analysis and is summarised in table 3-7. From the RT-PCR and
Affymetrix™ data, seven targets revealed a convincing change in expression
between treatments and were taken forward for quantitative analysis on three

independent NHU cell lines. These were Wnt3, Wnt5, Wnt7a, Fzd2, Fzd4 and
AXIn2.

Regulation

Expression in
proliferating sample Quiescent ABS/Ca’t TZ/PD

Affymetrix | RT-PCR | Affymetrix | RTPCR | Affymetrix Affymetrix

UPK2
MKIG7
wnt3
Wntoa
Wnt7a
Fzd1
Fzd2
Fzd4
DKK3
skrpl
Wifl
Dvli2
Axin2
Cyclin D1

c-Jun

'c'c'c%:l:h:b'c'c'c:b'c'c'c'c:b
TTU U oI O>l>TOTOTOTOD

Table 3-7 Summary of Affymetrix '™ microarray and RT -PCR results for

changes in the canonical Wnt pathway
Changes in mRNA expression are labdéd as red (up-regulated) or green (down-regulated) in
each of the labelled conditions. A=Absent transcript, P=Present transcript, ND=No data

available.
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3.3.7 RT-gPCR

Quantitative PCR using SYBRgreen was performed on three independent NHU
cell lines (Y878, Y372 and Y387) to validate the changes in mRNA expression
seen between proliferating, quiescent and differentiated NHU cultures using
Affymetrix ™ microarray analysis and RFPCR. RTGPCR for UPK2 and UPK3a
verified that the cultures treated with TZ/PD and ABS/Ca®" were expressing
markers of urothelial differentiation (P<0.001 and P<0.05, r espectively for
UPK2 as well as UPK3gigure 3-15). MKI67 mRNA expression verified the
confluent cultures had reduced expression of the proliferation marker (P<0.01)
and were deemed quiescent (Figure 3-15). Of the three Wnt ligands tested,
only Wnt5a significantly changed in expression when proliferating and
differentiated cultures were compared. Changes in mRNA expression for Wnt5a
were statistically significant when TZ/PD differentiated cultures as well as
ABS/C&" differentiated cultures were compared to proliferating NHU cultures
(P<0.001 and P<0.01, respectively). No significant change was observed with
Wnt3 or Wnt7a. Of the two Fzd receptors highlighted in the Affymetrix ™ array
analysis, Fzd2 was significantly downregulated in TZ/PD treated cultures
(P<0.05) agreeing with the results seen from the Affymetrix "™ analysis and R
PCR. Fzd2 appeared to be down regulated in the ABS/C&" treated cultures
too, with a median down -regulation of 2.4-fold, however, this was not
statistically significant. Fzd4 was unaffected by TZ/PD treatment or quiescence,
but was down-regulated in the ABS/C&" treated cultures (P<0.05). The Wnt
antagonist, DKK3 was seen to be significantly up-regulated in the ABS/C&*
differentiated cultures (P<0.01) but remained unchanged in the TZ/PD and
guiescent cultures. Expression of the Wnt signalling downstream gene target,
Axin2, was significantly altered in both differentiation procedures (<0.001), but
remained unchanged in quiescent cultures. In summary, no opposing regulatory
expression changes were observed between the Affymetrix™ /RT-PCR screen

and the RT-gPCR analysis
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Figure 3-15 mRNA expression of Wnt components in proliferative,

quiescent and differentiated NHU cultures

Expression of Wnt components as assessed bySYBRgreen RT-qPCR and normalised to GAPDH.

Changes in expression were measured as foldchange compared to the proliferative culture and

data represented as a box and whisker plot. Boxes indicate the median, 25" and 75" quartile,

whiskers denote the 5™ and 95" quartile.

Red and green arrows indicate a statistically

significant up- and down-regulation, respectively. Statistical analysis was performed using a

non-par ametr.i

c

ANOVA

and

Dunnos

mul tiple compar:.i

<0.001, ** indicate a P value of <0.01, * denotes a P value of <0.05. NC=No change. Data is

from three independent NHU cell lines (Y878, Y372 and Y387) each assayed in technical

triplicate (n=9).
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3.4 Discussion

Affymetrix™ microarray analysis is a powerful and convenient method of
analysing relative changes in gene expression. The dataset used in this study
represented a differentiating time series and had been a widely used resource
to study the vast but sometimes subtle changes that occur during /in vitro
urothelial differentiation over time (118). In this study, the data was not

classically interrogated using clustering but was used as a screening tool for

investigating changes within a specific pathway.

No technical replicates were present in the dataset (n=1). A second time series
using an independent cell line derived from ureter was available but was not
used in this study because markers of urothelial differentiation were poorly
expressed. Technical replicates would have made the data more robust by
compensating for anomalies in such things as hybridisation differences and
background correction. Unfortunately one chip out of the 12 -chip dataset was
shown to have issues with RNA quality and hybridisation. As no technical
replicates were available, this timepoint was removed from the dataset to
prevent skewing of the results. Although the dataset was incomplete it still
contained a vast amount of information and was used as a screening tool to

direct further investigations.

As the canonical Wnt signalling pathway is important in driving proliferation one
might expect components of the pathway as well as downstream targets to be
expressed at a higher level in an actively dividing population than in a culture
that was quiescent due to contact inhibition or differentiation. One might also
expect that if the Wnt pathway was impor tant during proliferation, antagonists
would be more transcriptionally-active in a contact-inhibited culture or upon

differentiation.
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3.4.1 Analysis of the proliferative NHU culture

All components necessary for a functional Wnt cascade were present at the
MRNA level in the proliferating NHU cell culture. Four Wnt genes were also
transcribed in proliferative culture, these were: Wnt3, Wnt5a, Wnt6 and Wnt7a.
wnt3 is a well characterised canonical Wnt ligand which has been found to be
up-regulated in several cases of primary breast and rectal cancer (119) and
signals via Fzd7(120), which was also present. Wnt7a has been found to drive
proliferation in endometrial cells, the epithelial cells that line t he uterus (121)
and is thought to occur via binding to Fzd 5 (122) which was also present in the
proliferating NHU cell culture. Wnt5a was initially classified as a non-canonical
Whnt ligand as it activates the RAG1 cell motility pathway via Fzd2 and ROR1/2,
however, when Fzd4 i s present, -gdtenirba c a

signalling cascade(123).

Fzd receptor expression isan important regulator of the Wnt pathway. Seven

Fzd receptors were classified as present (Fzd2, Fzd3, Fzd4, Fzd5, Fzd6, Fzd7

and Fzd10). Fzd2 and Fzd4 are interesting as they can bind Wnt3 and may be

an important component of a possible autocrine/paracrine Wnt signalling loop in

NHU cells (explored in chapter 6). Fzd7 was also a compelling target for further

i nvestigation bec ausateninfTCRachn®rocal mgpdnseaviae st
Wwnt3 (120) and has been suggested as having an important role in the self-

renewal of embryonic stem cells (124).

Several antagonists were transcriptionally-active in the proliferative culture

including the Dickkopf (DKK) family of genes. DKK proteins primarily act as
antagonists of the Wnt canonical pathway by blocking access to the Wnt co-
receptor LRP5/6 and inducing endocytosis via Kremen (109, 110, 125). The
role of DKK1 and DKKS as inhibitors of the Wnt pathway is well established, but
not all DKK proteins are antagonists. DKK2 was also present in the dataset and
has been shown in the absence of Kremen2, to activate DVL via LRP6 and drive

a-catenin mediated TCF transcription (126, 127). In the proliferative culture,
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Kremen2 was absent suggesting DKK2 could potentially a¢ as a driver of

a-catenin mediated proliferation in NHU cells.

The fact that several Wnt extracellular antagonists such as Wifl and sFrp were
not transcribed in the proliferating culture was promising evidence for a
functional cascade during urothelial regeneration. The same was not true for
several intracellular Wnt signalling antagonists. Both Chibby (CBY), an
i ntracel lul ar traffi cki-ca@gninmuat lofetlteududeusw h i ¢ h
(128) and | CAT, a n -datenni abd TCé& rinteracfion @29) were

present as transcripts in proliferating NHU cell cultures.

Although the presence of mMRNA for several antagonists was not an encouraging
sight, many of these inhibitors require post-translational modification and
therefore their transcription does not necessarily imply activity. This is indeed
the case for CBY which requires phosphorylation at serine 20 before it can form
a tripartite bond between 14-3-3 U/ & -catemid (13D).

Several downstream Wnt signalling target transcripts were expressed in the
proliferative NHU cell culture. These included such targets as: Axin2, a
feedback repressor of the Wnt pathway (131) and a downstream target of Wnt
and pRB/E2F signalling (132, 133); Survivin (BIRC5)X134); Twist (135) and
SKP2, a reported downstream target of the Wnt signalling pathway in bladder
cancer cells (81). Another potential Wnt -associated transcript, CyclinD1 (136)

was also present, but its link to the Wnt pathway is debatable (137).

3.4.2 Comparison between quiescent and proliferating NHU cells

If Wnt signalling was important in driving proliferation one might expect a

number of expression changes within the cascade when a culture reached
confluency and entered G; cell cycle arrest. Indeed, several changes in the
expression of Wnt pathway components were evident between the proliferative

and confluent dataset. The most interesting of these changes was the
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induction of otherwise undetected Wnt2 and Wnt5b. The role of Wnt2 rema ins
unclear but Wnt5b, a homologue of Wnt5a acts non-canonically in pre-
adi pocytes to sti mul at(18),ahe same tgpe h ruclaars
receptor activated in urothelial differentiation (93, 95). Whnt inhibitory factor 1
(Wifl) was also an mRNA target not seen in the proliferative NHU dataset but
present in confluent culture. Wifl is interesting as it is a potent extracellular
antagonist of Wnt signalling and has been shown to be frequently
hypermethylated in bladder tumours. Knock-down of Wifl in bladder cancer
cells leads to an increase in cell proliferation rate, which is thought to be driven

by the observed increase in c-MYC transcription and implies that Wifl may

regul at e urothelial cel | -capenidTlCkrediateit i o n

transcription (79). The results presented here suggest contact inhibited NHU
cells may also up-regulate Wifl, possibly to inhibit further Wnt signalling and

maintain tissue quiescence.

3.4.3 The Wnt pathway in differentiated NHU cells

Both systems for inducing urothelial differentiation result in the up -regulation of
well characterised markers of urothelial terminal differentiation, but only the
ABS/C&" model results in a functional barrier (94). The factors that contribute
to this have yet to be defined, bu t both models are thought to result from the
activation of the nuclear receptor

differentiation was compared separately to the proliferative culture.

A comparison between TZ/PD differentiated and proliferating NHU cultures
revealed a down regulation in Wnt7a, as well as a significant down -regulation
in Fzd2 and Fzd4, both of which are important in transducing the signal from
Wwnt3 and Wnt5a (120, 123). The fact that both of these receptors were down -
regulated along with Wnt7a implied that Wnt signalling (if active) would likely

be diminished upon differentiation.
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Analysis of the ABS/C&" differentiated dataset revealed different changes in
components of the Wnt pathway compared to the TZ/PD model. After
ABS/C&" differentiation, Wnt5a ligand was seen to be significantly up -
regulated. This increase in Wnt5a expression coincided with a reduction in its
canonical receptor Fzd4, suggesting that in this situation, Wnt5a may be acting

as an antagonist via RORL/2.

In summary, Affymetrix ™ mRNA expression analysis of NHU cells under
proliferative and differentiated conditions revealed several changes within the
Wnt pathway. In this study, previously generated microarray data was used as
a screening tool to assess the presence of the Wnt canonical pathway at the
MRNA level in NHU cells. The results indicated that all components necessary

for a functional cascade were present in proliferating NHU cells.

In conclusion, analysis of the Affymetrix ™ dataset provided preliminary
evidence for a functional Wnt pathway during proliferation and suggested that

it may be differentially regulated upon differentiation.
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4 Pharmacological activation of the Wnt canonical
cascade in Normal Human Urothelial cells

4.1 Introduction

GSK3 is a proline directed serinethreonine kinase that plays a crucial role in

glycogen metabolism as well as other tissue-specific signalling roles throughout

the human body. GSK3 has two isofor ms,
separate genes at 19913.2 and 3q13.3, respectively. The two isoforms of GSK3

share 98% amino acid homology within their kinase domain (139), but it

remains unclear as to whether these isoforms are functionally interchangeable.

Both U and a isoforms appear to have som
Over expressionKB8h B8&KB8Uboth GBeen shown
r educt i-oatenini naclead translocation and TCF activity (140) but, as
demonstrated in the GSK3autemboyoea, cGCGSKI
GSK3a are not fung4ljle2).al ly redundant

Toget her, GSK3U and GSK3a are known to
including signalling proteins, transcription factors as well as structural proteins.
Inhibitors of GSK3 are widely used as crude activators of the Wnt signalling
cascade, even though they have the potential to affect several other signalling

pathways.

To date there are roughly 30 known inhibitors of GSK3 which are reviewed in
detail elsewhere (143). Most inhibitors are not GSK3-specific and affect the
activity of other protein kinases at similar ICsy concentrations (e.g.,

hymenialdisine, flavopiridol and kenpaullone )(143).
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4.2 Hypothesis

The canonical Wnt pathway is functional in NHU cells and may be utilised to

drive proliferation /n vitro.

4.3 Aim

The aim of this chapter was to determine if the canonical Wnt pathway was

functional in NHU cells and to assess its ability to initiate self-renewal.
Specific objectives of this chapter were:

1 To inhibit the destruction complex using antagonists targeted to GSK3
and assess activation of the Wnt cascade by monitoring active (non-
p hos phor ycatenin eudigar aacumulation.

1 To assess the effect of pharmacological activation of the Wnt pathway
on NHU cell morphology and proliferation.

1 To utilise the TOPFLASH TCF reporter assayn NHU cells to assess TCF

transcription factor activity before and after GSK3 inhibition.

4.4 Experimental Design

Two GSK3a antagonists were used -sblublet hi s
inhibitor with a published IC 5, of 2.9uM (144) and LiCl salt, a widely used,
water-soluble but less specific GSK antagonist with a published IG, of between
2mM-15mM (145). Both inhibitors were titrated in the well -characterised Wnt-
responsive osteosarcoma cell line, SaO& (146, 147) and in NHU cells.
Cytotoxicity was assessed by comparison to vehicle control in a 6day cell

viability assay using MTT and by phase contrast photomicroscopy.

The effect of G Sdéat8nin inuclbair tbanstocation was asseased
using indirect immunofluorescence on formalin-fixed cultures. Nuclear and

cytopl asmic S i g n a icateninn weeen guantifiece grom feach a
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micrograph using Hoechst 33258 stain to delineate the nucleus and Adobe®

Photoshop™ software as previously described (section 2.9.1.6).

The effect of GSK3 inhibition on the TCF activity of NHU cells was assessed in
triplicate cultures using the TOPFLASH Firefly luciferase reporter plasmid and a
dual luciferase reporter kit. NHU cells were cultured for 24-hours = SB415286.
Sa0S2 cells were included alongside as a positive Wntresponsive control.
Results were normalised to a constitutively-active Renilla luciferase loading
control plasmid. The mutant TCF Firefly luciferase plasmid, FOPFLASH was

included to control for changes in TK minimal promoter activity.
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4.5 Results

4.5.1 Effect of GSK3 inhibitors on cul | viabilty

45.1.1 SB41528 6

Incubation of SaOS-2 cells with up to 50uM SB415286 had no significant effect
on culture biomass when compared to vehicle control at day 4 (Figure
4-1;Figure 4-2). When incubated with a concentration of 100uM, SaOS-2
culture biomass remained static over the course of the experiment ( Figure 4-1).
At 200uM, culture biomass was seen to drop to levels below that observed at

time point O ( Figure 4-1).

Concentrations of up to 12uM SB415286 had no effect on the culture biomass
of NHU cells when compared to vehicle control at the same time point ( Figure
4-3). Interestingly, a slight increase in cell biomass was seen with 5-10uM
SB415286 when compared to vehicle control, but this was not statistically
significant. Concentrations of 15uM or higher significantly reduced NHU culture

biomass (P<0.01; Figure 4-4).

4.5.1.2 LiCl

Up to 20mM LiCl did not affect the culture biomass of Sa0S-2 cells compared to
vehicle control at day 4 (Figure 4-7). 50mM and 100mM LiCl significantly
reduced SaOS2 culture biomass when compared to vehicle control (P<0.01,
Figure 4-8).

LiCl was not well tolerated by NHU cells (Figure 4-5). By day 4, concentrations
of 10uM and above resulted in a significant reduction in NHU culture biomass

compared to vehicle control (P<0.01, Figure 4-6).
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Figure 4-1 Effect of SB415286 on SaOS -2 cell viability

MTT assay fromSa0S2 cel |l's cul tured

n

Mc C-@Q0aM SB&1B286+Hor 1 5 %

up to 6 days. 0.1% (v/v) DMSO was included in all cultures as the veh icle control. Medium and

inhibitors were replenished on day 3. Data shows the mean absorbance at 570nm (£SD) of 6

technical replicates.
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Figure 4-2 Sa0OS-2 dose response curve to SB415286

Mean absorbance from SaOS2 cells after a 4-day incubation with 0-200uM SB415286in 0.1%
(v/iv) DMSO. Data shows the mean absorbance at 570nm (£SD) of 6 technical replicates. **

p<0.01, one way ANOVAestwi th Dunnettds post
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Figure 4-3 Effect of SB415286 on NHU cell viability

MTT assay from NHU cells (Y924 at P4) cultured in KSFMc + 830pM SB415286 for up to 6
days. 0.1% (v/v) DMSO was included in all cultures as the vehicle control. Medium and
inhibitors were replenished on day 3. Data shows the mean absorbance at 570nm (£SD) of 6

technical replicates.
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Figure 4-4 NHU dose response curve to SB415286

Mean absorbancefrom NHU cells after a 4-day incubation with 0-30uM SB415286in 0.1% (v/v)
DMSO. Data shows the mean absorbance at 570nm (xSD) of 6 technical replicates. **

p<0.01, one way ANOVAestwi th Dunnettdés post
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Figure 4-5 Effect of LICl on NHU cell  viability

MTT assay from NHU cells (Y924 at P4) cultured in KSFMc + 625mM LiCl for up to 6 days.
1% (v/v) PBS was included in all cultures as the vehicle control. Medium and inhibitors were
replenished on day 3. Data shows the mean absorbance at 570nm (xSD) of 6 technical

replicates.
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Figure 4-6 NHU dose response curve to LiCl

Mean absorbance from NHU cells after a 4-day incubation with 0-25mM LiCl in 1% (v/v) PBS.
Data shows the mean absorbance at 570nm (xS D) of 6 technical replicates. ** p<0.01, one

way ANOVA with-t®unnettds post
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Figure 4-7 Effect of LiCl on SaOS -2 cell viability

MTT assay fromSa0S2 cel | s cul tured in McCdQodM LiAfarupto 15 % (
6 days. 1% (v/v) PBS was included in all cultures as the vehicle control. Medium and inhibitors
were replenished on day 3. Data shows the mean absorbance at 570nm (+SD) of 6 technical

replicates.
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Figure 4-8 SaOS-2 dose response curve to LiCl

Mean absorbance from SaOS2 cells after a 4-day incubation with 0-100mM LiCl in 1% (v/v)
PBS. Data shows the mean absorbance at 570nm (xS D) of 6 technical replicates. ** p<0.01,

one way ANOVA wi ttdst. Dunnett6s post
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452 Ef f ect of GSK3a inhibition on cell

No morphological differences were observed between SaOS2 cells incubated
with 10-20uM SB415286 and vehicle control (Figure 4-9A, B and C). Sa0S2
cell cultures incubated in the presence of 20mM LiCl appeared to be slightly less
densely populated than vehicle control cultures, but cells still appeared phase-
bright (Figure 4-9D). NHU cells treated with between 5-10uM SB415286 lacked
any morphological changes compared to vehicle control (Figure 4-9 E,F,G and
H).

453 Ef fect of GS K3 a -catefinildedligatiom n on a

Labelling of SaOS2 cells with anti- a-catenin antibody resulted in a diffuse
cytoplasmic labelling pattern with no nuclear labelling visible ( Figure 4-10 A).
With 10-20uM SB415286 and 20mM LiCl, SaO€ cell nuclei were clearly
|l abel |l ed, signifying act.icateaih toche nucleud t r
(Figure 4-10 A,B,C and D). Mean nuwclear pixel intensity was 2.3-fold higher
after treatment with 10uM SB415286, 2.7 -fold higher with 20puM SB415286 and
2.9-fold higher with 20mM LiCl when compared to control ( Figure 4-11). By
contrast, NHU cells (Figure 4-10 E,F,G and H) exhibited a large proportion of
n u c | ecatenin & the untreated control culture and only developed a modest
increase in nuclear labelling after treatment with 5, 7.5 and 10uM SB415286
(1.1-fold, 1.2-fold and 1.4-fold vs. control, respectively;Figure 4-11). This data
inferred that NHU <cel | s al-catenamdwvpich wasd a

present in the nucleus.
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A) Controf ") =i ¢y 20uM5B415286 [ D) 20mM LiC)\ /.~

?,t,:" 3 Fe / "

Figure 4-9 Effect of GSKS3 inhibitors on cell morphology of SaOS -2 and

NHU cells /n vitro

Phase micrographs of SaOS2 and NHU cells after a 24 hour incubation with GSK3 inhibitors.

(A-D) sa0s2 cell s cultured in McCoybs 5A + 15% (v/v)
(A) 0.1% (v/v) DMSO (solvent control); (B) 10uM SB415286;(C) 20uM SB415286; (D) 20mM

LiCl. (E-H) Y924 P4 NHU cells cultured in KSFMc and treated with the following: (E) 0.1%

(v/v)DMSO (solvent control); (F) 5uM SB415286;(G) 7.5uM SB415286; (H) 10uM SB415286.

Scale bar: 50um.
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Figure 4-11 Nucl ear t r ans|-caterint in 8aDS e2f andaNHU
cells after GSK3 inhibition

Mean nuclear pixel intensities from photomicrographs of a-catenin labelled cells after a 24-hour
incubation + GSK3 inhibitors (fig 4.10). (A) Sa0S2 <cel |l s cul tured in McCoy
FBS; (B) Y924 NHU cells cultured in KSFMc Vehicle control was 0.1% (v/v) DMSO in normal
culture medium. (** P<0.01, NS non -significant, one-way ANOVA with -tBstinnett

versus vehicle control). (Mean nuclear pixel intensity calculated as described in section
2.9.1.6).
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4.5.4 Effect of GSK3 inhibitors on TCF transcription factor activity

As expected, the positive control cell line, SaOS2, had significantly higher
luciferase expression when treated with either SB415286 or LiCl compared to
vehicle only control. Normalised TOPFIASH luciferase activity after SB415286
treatment was 7.5-fold higher than vehicle control (P<0.05) and 12 -fold higher
after LiCl treatment (P<0.001). This data verified that both compounds not
only |l ed to a nuc lcatanin (Figureadnl?)lbut also tativatad o f
TCF transcription factors and thus mimicked active Wnt signalling. No
significant change was observed in the FOPFLASH TCkutant control when
Sa0S2 cells were incubated with GSK3 inhibitors.

By contrast to the response seen in the SaOS2 cells, no change in TOPFLASH
luciferase activity was observed in the NHU cells after SB415286 treatment
(Figure 4-13). Interestingly, TOPFLASH and FOPFLASH luciferase activity was
much higher in the NHU cells than in the Sa0S-2 cells. Basal luciferase activity
from the TOPFLASH plasmid was 143fold higher in the NHU cells compared to
the Sa0OS2 cells. NHU FOPFLASH activity was 6dold higher in the NHU cells
compared to the SaOS2 cells, and was most likely caused by differences in TK
minimal promoter activity between the two cell lines. Surprisingly, in NHU cells,
normalised FOPFLASHuciferase activity was higher than TOPFLASH under all
conditions, suggesting luciferase gene transcription was being driven via the
mutant site in FOPFLASH. To investigate the cause of this background
transcription, both the TCF-binding promoter insert within TOPFLASH and the
mutant non-TCF binding promoter insert within FOPFLASHappendix VIII) were
interrogated for potential transcription factor binding sites using MATinspector

(Genomatix).
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EE *k
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0.004

(Firefly /Renilla)

0.001

Normalised luciferase activity

0.000

Vehicle Control 20uM SB415286 20mM LiCl
B TorFLAsH B ropFLASH

Figure 4-12 TCF transcripti on factor activity in SaOS -2 cells after
GSKa3 inhibition

SAOS2 cells were transfected 24-hours after seeding with either 0.5ug of TOPFLASH or
FOPFLASHnegative control) plasmid along with 0.01pug pRL-CMV (loading control). 24 hours
after transfection, SaOS2 cells were treated with 20uM SB415286, 20mM LiClor vehicle control
for 24 hours. A dual luciferase assay was performed on 3 biological replicates and data
represents the mean luciferase activity after normalisation to loading control (#SD).  (***
P<0.001, ** P<0.01, * P<0.05, NS non significant using a oneeway ANOVA with Dun

multiple comparison post-test).
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Figure 4-13 TCF transcription factor activity in NHU cells after GSK3

inhibition

Y924 NHU cells (at P3) were seeded into a 24-well Primaria® plate at 4x 10* cells/well and
transfected 24-hours after seeding with either; 0.5ug TOPFLASHor FOPFLASH (negative
control) plasmid along with 0.01ug loading control, pRL-CMV. 24 hours post-transfection, NHU
cells were medium changed to KSFMc+ 0.1% (v/v) DMSO with 0 -10uM SB415286for 24 hours.
A dual luciferase assay wasperformed on 3 technical replicates and data represents the mean
luciferase activity after normalisation to loading contr ol (xSD). (*** P<0.001, ** P<0.01, *

P<0.05, NS non significant using a one-way ANOVA with Bonferron multiple comparison post-

test). Please note differences in the Y-axis scale bar between fig 4-12 and fig 4.13.
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4.5.4.1 TOPFLASH promoter analysis

Analysis of the TOPFLASH plasmid clearly showed four LEF1/TCF binding sites
along with several other potential transcription factor binding sites, such as
nuclear receptor sub-family 2 factors and GATA binding sites (Table 4-1).
Unexpectedly, two of the four LEF1/TCF binding sites were present on the

negative strand leaving only two on the template strand.

Analysis of the mutant TCF binding site within the FOPFLASH vector exposeda
pl ethora of potenti al binding sites. Of

binding sites, with 3 present on the template strand ( Table 4-2).
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CORE MATRIX
NAME FROM | TO |ANCHOR|STRAND |SIMILARITY [SIMILARITY SEQUENCE
Chorion-specific transcription
factors with a GCM DNA binding
domain 4 18 11 ) 1 0.832 cttacCCCCtttgat
Pleomorphic adenoma gene 8 30 19 (+) 1 1 aaGGGGgtaagatcaaaggggat
Krueppel like transcription factors 11 27 19 (+) 1 0.87 ggogtaagatcaaAGGG
Nudlear receptor subfamily 2
factors 11 35 23 (+) 1 0.823 ggggtaagatCAAAgggggtaaaat
RXR heterodimer binding sites 11 35 23 (+) 0.821 0.819 ggggtaaGAT Caaagggggtaaaat
GATA binding factors 14 26 20 (+) 1 0.926 gtaAGATcaaagg
LEF1/TCF 14 30 22 (+) 1 0.987 gtaagal CAAagggaagt
Krueppel like transcription factors 15 31 23 (+) 1 1 taagatcAAAGggggta
GLI zinc finger family 19 33 26 ) 1 0.862 tttaCCCCctttgat
Pleomorphic adenoma gene 23 45 34 (+) 1 1 aaGGGGgtaaaatcaaagggggc
Krueppel like transcription factors 26 42 34 (+) 1 0.894 ggggtaaaatcaaAGGG
LEF1/TCF 29 45 37 (+) 1 0.956 gtaaaatCAAAgggagc
Pleomorphic adenoma gene 29 51 40 ) 1 1 a2aGGGGgccccctttgattttac
Growth factor independence
transcriptional repressor 30 44 37 (+) 1 0.928 taaAATCaaagggog
Krueppel like transcription factors 30 46 38 (+) 1 1 taaaatcAAAGggggcc
Pleomorphic adenoma gene 38 60 49 (+) 1 1 aalGGGGgccccctttgatcttac
Nudlear receptor subfamily 2
factors 39 63 51 ) 1 0.824 ggggtaagatCAAAgggggeccect
Krueppel like transcription factors 43 59 51 ) 1 1 taagatcAAAGggggee
LEF1/TCF 44 60 52 ) 1 0.987 gtaagaTCAAagggggc
Pleomorphic adenoma gene 44 66 55 ) 1 1 aaGGGGgtaagatcaaagggggc
Krueppel like transcription factors 47 63 55 ) 1 0.87 ggggtaagatcaaAGGG
GATA binding factors 48 60 54 ) 1 0.926 gtaAGATcaaagg
Muclear receptor subfamily 2
factors 54 78 60 ) 1 0.823 ggggtaagatCAAAggggataagat
RXR heterodimer binding sites 54 78 60 ) 0.821 0.829 ggagtaaGAT Caaagggggtaagat
Chorion-specific transcription
factors with a GCM DNA binding
domain 56 70 63 (+) 1 0.832 cttacCCCCtttgat
Krueppel like transcription factors 58 74 60 ) 1 1 taagatcAAAGggggta
LEF1/TCF 59 75 67 ) 1 0.987 gtaagaT CAAagggggt
Pleomorphic adenoma gene 59 81 70 ) 1 1 aaGGGGgtaagatcaaaggggot
Krueppel like transcription factors 62 78 70 ) 1 0.87 gggotaagatcaaAGGG
GATA binding factors 63 75 69 ) 1 0.926 gtaAGATcaaagg
Chorion-specific transcription
factors with a GCM DNA binding
domain 71 85 78 (+) 1 0.832 cttacCCCCtttgat
Krueppel like transcription factors 73 89 81 (-) 1 1 taagatcAAAGggggta

Table 4-1 Potential transcription factor binding sites within the TCF
promoter of TOPFLASH

Transcription factor binding sites within the TCF-specific promoter of the TOPFLASH plasmid

(Millipore) were analysed using MATinspector (Genomatix) and default parameters.

similarity score >0.8 are classed as potential binding sites.

sites, two of which are on the negative (-) strand.

Matrix

Note the four LEF1/TCF binding
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CORE MATRIX

NAME FROM TO |ANCHOR|STRAND [SIMILARITY |SIMILARITY SEQUENCE
GLI zinc finger family 1 15 8 ) 1 0.862 tttaCCCCctttgge
C2H2 zinc finger protein PLZF 9 23 16 (+) 0.958 0.866 gggTAAAggccaaag
Peroxisome proliferator-activated
receptor gamma 1 23 12 (+) 1 0.92 gccaaagggogtAAAGQgccaaag
NGFI-B response elements, nur
subfamily of nuclear receptors 10 24 17 (+) 1 0.877 ggtaAAGGccaaagg
Nuclear receptor subfamily 2 factors 2 26 14 (+) 0.75 0.854 ccaaaggggg T AAAggccaaagggg
Pleomorphic adenoma gene 5 27 16 (+) 1 1 aaGGGGgtaaaggecaaagggag
Peroxisome proliferator-activated
receptor gamma 8 30 19 (+) 1 0.902 ggggtaaaggccAAAGggggtaa
Chorion-specific transcription factors
with a GCM DNA binding domain 17 31 24 (-) 1 0.832 cttacCCCCtttgac
Nuclear receptor subfamily 2 factors 9 33 21 (+) 1 0.87 gggtaaaggcCAAAgggagtaaggc
Pleomorphic adenoma gene 21 43 32 (+) 1 1 aaGGGGgtaaggecaaagggggc
Peroxisome proliferator-activated
receptor gamma 23 45 34 (+) 1 0.902 gaggggtaaggccAAAGggggecee
Nuclear receptor subfamily 2 factors 24 48 36 (+) 1 0.871 ggggtaaggecCAAAgggggcccodt
Pleomorphic adenoma gene 27 49 38 (-) i i aaGGGGgecccctttggecttac

CTCF and BORIS gene family,
transcriptional regulators with 11

highly conserved zinc finger domains 24 50 37 (+) 1 0.817 ggggtaaggccaaaggGGGCooocttt
Pleomorphic adenoma gene 36 58 47 (+) 1 1 8aGGGGgecccctttggecttac
Nuclear receptor subfamily 2 factors 37 61 49 (-) 1 0.871 ggggtaaggcCAAAgggggcccoct

CTCF and BORIS gene family,
transcriptional regulators with 11

highly conserved zinc finger domains 35 61 48 (-) 1 0.817 ggggtaaggecaaaggGGGCooecttt
Peroxisome proliferator-activated
receptor gamma 40 62 51 ) 1 0.902 gggggtaaggccAAAGggggecc
Pleomorphic adenoma gene 42 64 53 ) 1 1 aaGGGGgtaaggecaaagggggc
Chorion-specific transcription factors
with a GCM DNA binding domain 54 68 61 (+) 1 0.832 cttacCCCCtttggc
Nuclear receptor subfamily 2 factors 52 76 64 (-) 1 0.87 ggggtaaggcCAAAggggataaggc
Peroxisome proliferator-activated
receptor gamma 55 77 66 (-) 1 0.902 gggggtaaggccAAAGggggtaa
Pleomorphic adenoma gene 57 79 68 (-) 1 1 aaGGGGgtaaggecaaagggagt
Chorion-specific transcription factors
with a GCM DNA binding domain 69 83 76 (+) 1 0.832 cttacCCCClitggc

Table 4-2 Potential transcription factor binding sites within the

mutant TCF promoter of FOPFLASH

Transcription factor binding sites within the mutant TCF promoter of the FOPFLASH plasmid
(Millipore) were analysed using MATinspector (Genomaix) and default parameters. Matrix
similarity score >0.8 are classed as potential bi ndi ng si tes. Note the

three of which are on the template (+) strand.
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4.6 Discussion

The aim of this study was to utilise pharmacological antagonists of GSK3 to
inactivate the destruction complex and mimic canonical Wnt signalling in NHU

cells.

Two GSK3 inhibitors were used in this study: LiCl, a seminal GSK3 inhibitor
which has a long history within the Wnt literature, and a relatively new drug,

SB415286 a maleimide derivative developed by SmithKline Beecham (148).
LiCl is an alkali metal chloride which inhibits the activity of GSK3 via two
mechanisms: firstly, it acts as a competitive inhibitor of Mg?*, required for
substrate phosphorylation (145, 149) and secondly, by inhibition of protein
phosphatase 1, the enzyme which dephosphorylates and re-activates GS K 3 a
serine 9 (150). LiCl is however not a specific GSK3 inhibitor; it has been shown
to affect other kinases including casein kinase 2 (CK2 I1Cso 44mM), mitogen-
activated protein kinase-activated protein kinase 5 (PRAK IC5, 56mM) and
mitogen-activated protein kinase-activated protein kinase 2 (MAPKAPK2 IG
21mM)(151) and therefore data must be interpreted with caution. SB415286
inhibits GSK3 in an ATP competitive mannerand has so far not been shown to
significantly inhibit any other protein kinases when used at a concentration of

10uM (tested against a panel of 24-protein kinases) (144, 148, 152). Another
maleimide derivative, SB216763 was not used in this study because of reported
precipitation issues when incubated for periods greater than 90 minutes in

aqueous solution (144).

4.6.1 Toxicity of GSKS3 inhibitors

Up to 10uM SB415286 had no effect on NHU morphology or cell viability in
culture. LIiCl on the other hand, was not well tolerated by NHU cells. The
reasons for this were not fully investigated in this study but could be linked to
its effect not only on GSK3 but also on a variety of other protein kinases,

included at least two involved in the p38 stress response pathway (151).
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|l deally the effect of two structurally u
been used throughout this study, but as LiCl was not suitable for use with NHU

cells the remainder of this investigation was completed with SB415286 alone.

4.6.2 a-catenin nuclear translocation

Indirect immunofluorescence from SaOS-2 cells treated with LiCl or SB415286
showed cl ear nucl eatenintamdaearified tbecetiidacy ofibotro f  a
inhibitors.  Surprisingly, when NHU cells incubated with vehicle alone were
immunolabelled with anti-a-catenin antibodies, most of the cells already had a
significant patedin. dhis suggestdd ere of tw things, either
NHU cells were autocrine Wnt signalling; or the destruction complex was
repressed in NHU cells, allowing nonp h o s p h o r sdteaih t® dccuénulate

and translocate to the nucleus.

Treatment of NHU cells with GSK3 inhibitor resulted in a visual increase in
nu c | e-e@tenin aabove that observed in vehicle control cultures. This
suggested that in control Cc uchténim that svast her e
being inactivated via GSK3 and implied that the destruction complex was
present in NHU cells but was probably repressed either via signalling from Wnt,

or by phosphorylation of GSK3 from another protein kinase.

Previous data from chapter 3 indicated that proliferating NHU cells produced
transcript for four Wnt ligands which suggests they may have the potential for
autocrine Wnt signalling. The production of functional Wnt ligand is known to
involve several tiers of post-translational modification. Once translated, Wnt
protein is targeted to the endoplasmic reticulum (ER) where it undergoes
glycosylation and palmitoylation (96, 97, 153). Both modifications are
fundamentally important and are reviewed in detail in chapter 6. In brief,
glycosylation is thought to be important in the secretory pathway and transfer
from the ER to the trans Golgi network (TGN) (154-157), whereas
palmitoylation is thought to be important for Wnt bioactivity (157, 158). For
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production and secretion of active Wnt ligand /n vitro, Willert and colleagues
have shown that serum is required and have postulated this to be because of
the need for palmitic acid (96). NHU cells are cultured in a serumi free medium
(KSFMc) with no palmitic acid present in the medium (Invitrogen; personal
communication), ther ef ore it i s wunl i kel-gateninhsaen
in proliferating NHU cells is the result of autocrine Wnt signalling. The role of
palmitic acid in Wnt secretion and autocrine signalling of NHU cells could be of

significance during urothelial regeneration and is explored further in chapter 6.

As mentioned above, there are several cellspecific mechanisms that can
regul ate the activity and s u-aeain Gewh
factors such as epidermal growth factor (EGF), hepatocyte growth factor (HGF)
and insulin-like growth factor-1 (IGF-1) have all been shown to regulate the
act i vi-tatenindX59, #60). This type of intersection between mitogen-
activated pathways is termed pathway crosstalk and potentially could be an
i mportant r -eaenih/TCE signalliogfin NbHU cells and is explored in
chapter 5.

4.6.3 TCF activity

Results from the SaOS2 cell line verified both the integrity of the GSK3
inhibitors and the DLA assay. No significant increase in luciferase activity was
seen in NHU cells after treatment with SB415286. This lack of a response could
mean one of two things: either NHU cells already have active TCFtranscription
factor, or tchtenin ancTCF is blocked viaan antagonist such as
CBY, ICAT or NLK, all of which are expressed at the mRNA level in proliferating
NHU cells.

Both TOPFLASH and FOPFLASH are manufactured from the same vector
backbone; the only difference is the presence of TCFbinding sites within
TOPFLASH and mutated sites in FOPFLASH. It was therefore surprising to find

a higher basal level of luciferase activity in NHU cells transfected with
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FOPFLASH compared to TOPFLASH. A published regoby Da Costa and
colleagues has also shown similar findings in other epithelial cell lines.
Unfortunately, no explanation of the cause of this TCF-independent activity was
reported by the investigator (161). FOPFLASH contains a mutated TCHinding
site and is used to control for changes in minimal promoter (TK) activity. Closer
inspection of the mutant TCF binding domain revealed several potential binding
sites for other transcription factors 1in
be active in proliferating NHU cells (personal communication; P. Rubenwolf).

This questions the usefulness of the FOPFLASH plasmid as a negative control.

4.6.4 Conclusions

NHU cell s have a high | ecatenin that fs nueleadio g e n o
location. The actionoft hi s e nd o g e n-catesin im pratiferatiagrNH G

cells remains unclear. Background activity with the FOPFLASH plasmid suggest

that it is not a good negative control in this cell system and thus the results

from the TCF reporter assay are inconclusve. Data from chapter 3 showed
proliferating NHU cells expressing transcript from several Wnt target genes and

thus suggests TCF transcription factors are active when NHU cells are

proliferating in culture.
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5 The interrelationship s of different signalling
mechanisms and cell:cell contact in modulating

urothelial tissue homeostasis

5.1 Rationale

The dynamics between growth factor signalling and cell:cell contact play an

important role in regulating self -renewal mechanisms, but to date, it remains

unclear how this is properly coordinated. Research has focused on proteins

that localise to both sites of cell contact and to the nucleus in the hope of

finding the key mediators of this process. Proliferating NHU cells contain

nuclear as well as cytoplasmic a nd me mbr ane b o u-cattninp ool s
(chapter4). These dat a wo ul-datesnuisgirgperritin both&NHU a

cell signalling and cell contact and therefore could be an important player in the

proliferative/quiescent switch seen during urothelial regeneration.

In culture, NHU proliferation is driven via autocrine/juxtacrine activation of the

EGFR family of receptors. This chapter aims to address whether EGR cell
signalling and cell:cell adhesion (adherens junction formation) modulate the
activity of a-catenin and whether the dynamics between them is important in

maintaining NHU tissue homeostasis
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To fully address this aim and for ease of reading this chapter is divided into 3

sections:

Section 1. EGFR signalling and its effect o n -caenin localisation and
activity; the potential role of signalling crosstalk in Wnt-i ndepen-dent

catenin activation.

Section 2: The effect of culture confluence and cell:cell contacts on

a-catenin localisation; the role of contact inhibition.

Secti on 3: -Cdteminin MHUeell proliferation.

Each section contains its own short introduction, aims, objectives, experimental
design and results section. A comprehensive discussion of all the data can be

found at the end of the chapter.
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52 Wnt-i ndepend-eatdanin activation. The role of
pathway crosstalk

5.2.1 Signalling Crosstalk

At any one time, a cell may be bombarded with many extracellular cues and
must take into account all of them to elicit the appropriate cellular response.
Many such signals may be contradictory, while others intersect and override
one another. Intersection between pathways is known as signalling crosstalk
and is thought to add robustness and adaptability to the system, allowing a cell
to respond quickly and effectively to important cues for such things as repair
and cell cycle arrest, where lack of tight regulation could result in failure to

repair or unwarranted proliferation.

5.2.2 Crosstalk with the Wnt pathway

Crosstalk between the Wnt pathway and other signalling pathways is well
documented and can be characterised as either GSKdependent or GSk

independent.

5.2.3 GSK-dependent crosstalk mechanisms

GSK proteins are unlike most protein kinases in that they are constitutively-

active and are regulated primarily through pho spho-inhibition of their activity
(serine 21 in GSK3U168,163).eSeveralserire/thieaninegcS K 3 a
kinases have been suggested as effectors of this, including: p38 MAPK, P9ORSK

and P70 S6 (effectors of MAPK and ERK signalling) a well as AKT/PKB (PI3K
signalling) (162-166). A plethora of research articles linking mitogen-activated

protein kinases and Wnt pathway activation have been published and have
demonstrated crosstalk at the level of GSK3 via such gowth factors as IGF-1,

insulin (159, 167), IGF-Il (167) EGF via ERK/MAPK(168-171), EGF via
PI3K/PKB (172) but disputed by (173), HGF(170), T G174) and FGF(175).

The impact of the above crosstalk mechanisms could be substantial and if
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correct would suggest that the Wnt cascade is not as exclusive as was originally
thought. One paper has however shed doubt on the importance of GSK3
phospho-inhibition in Wnt-driven a-catenin activation. McManus and colleagues
have shown in the transgenic mouse that
al anine had no ef f ecaténindrom the destructienlcanplexe o f
upon Wnt3a stimulation and thus implied that destruction complex inhibition did

not me d i adatenindaelease (176).

5.2.4 GSK-independent crosstalk mechanisms

GSkindependent crosstalk is mainly composed of mechanisms that release
s eqguest-eaterird frold the adherens junction and is reviewed and

addressed in section5.3.2.

5.2.5 Rationale

Cell signalling pathways were once viewed as distinct and independent
transduction cascades. Evidence however now suggests many points of
convergence may exist between cascades and therefore cell signalling studies
should not focus solely on one particular pathway but should be investigated as
a single global network (177). This sub-chapter will address the role of
pathway crosstalk in modulating the sub-cellular location and activity of
a-catenin and will investigate the mechanism(s) regulating the expression of

Whnt-independent n u c | ecatenin aeen in cultured NHU cells.

5.2.6 Hypothesis

I n NHU -caeehirl astiyity i&a modulated via EGFRsignalling crosstalk

5.2.7 Aim

The aim of this sub-chapter was to ascertain if signalling crosstalk between the

downstream EGFR pathwaysa n d-ca#enin was present in NHU celk.
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5.2.8 Obijectives

Specific objectives of this sub-chapter were:

1 To use EGFR, PI3K and MAPK antagonists to block all or part of the EGFR
signalling cascade and assesswhether this affects the phosphorylation
status and l-oectae i iom ad vael | acstenie x pr e

transcriptionally regulated gene targets (Objective 1).

T To determine if NHU cell s respond to
when EGFR signalling was blo&ed and to assess the importance of active

a-catenin alone in driving NHU cell proliferation (Objective 2).

5.2.9 Experimental Design  (Objective 1)

NHU cells were cultured for up to 72 hours in KSAVic containing 1uM PD153035
(EGFR tyrosine kinase inhibitoj, 5pM U0126 (MEK1/MEK2 inhibito) or 5uM
LY294002 (PI3K inhibitor). DMSO was kept at a concentration of 0.1%(v/v) in

all cultures and controls. At 24 intervals, parallel cultures were treated as

follows (Figure 5-1

1 Formalin-fixed on 12-well Teflon®-coated multi-spot slides to allow

indirect- immunofluorescence photomicroscopy to be performed.
Changes in the amount and sub-ce |l | ul ar | -oatemirt was n of
vi sual i sed u sdatanin artitody (cbomet 32206 and anti-
a c t i -eageninaantibody (ABC; clone 8E7) Nuclear and cytoplasmic
signal intensi t i es f or -catemio t wevee quaatified from
photomicrographs all taken at the same exposure, as previously
described (section 2.9.1.6).

1 Lysed /n situ using 2x SDS lysis buffer to produce whole cell lysates.
Western blot was employed to verify that the applied antagonists had

been effective. Changesint he r el ati ve eXxgatenis, 88 on 0
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we l | as the phosphoryl attheo/d housrttime u s
course were investigated.

1 Scraped in situ into TRIzol® reagent. The effect of EGFR, MAPK and
PI3K inhibition on mRNA expression of three downstream targets of
a-catenin/TCF mediated transcription (Axin2 c-MYC and Lefl), as well as
one negatively regulated target (CDH1) were quantified using SYBF®
Green | gPCR

NHU cells were also cultured in KSFM with BPE and cholera toxin but minus

exogenous rhEGF to assess the effxaennn of

activation.
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| 24xT25 Primaria® flasks |

12 flasks 12 flasks
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Media change (M/C) to: M/Cto: M/Cto:
)
o "
FF 3 5
e & Z
o ~
&
+DMSO + LY294002 +DMSO +LY294002

+DMS0

+ PD153035 +U0126

Figure 5-1 Experimental design used

a-catenin crosstalk

+ PD153035 +U0126

+ PD153035 +U0126

Scrape into Trizol® reagent at:
«24h

+48h
+72h

Lyse in 2x SDS at:
=24h

+48h
*72h

Quantitative RT-PCR.

Western blot

to assess potential EGFR and

One ureteric NHU cell line (Y919) was seeded onto 12-well multispot slides and T25 Primaria

flasks at a cell density of 2.5 x 10* cells/cm?. Cells were allowed to adhere and then cultured

with inhibitors or 0.1% (v/v) DMSO vehicle control.

harvested and the effect of EGF inhibition on a-cateninn u c |

driven transcription was assessed

At 24, 48 and 72 hours, cells were

t r a n schtenio/aGFi
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5.2.10 Results (Objective 1)

5.2.10.1 Manipulation of the EGFR signalling cascades and its effect

on ac t-catemn egpression and sub  -cellular location

The amount of a c t i -cageninacontained within the nucleus of NHU cells
cultured without inhibitors was seen to fluctuate over the 72 hour time course.
Nuclear labelling for a ¢ t i -gatninavas most intense 48 hours post seeding,
after which it was seen to reduce (Figure 5-2A-C) . This change i
catenin labelling was also seen with the anti-total a-catenin antibody (C2206;
Figure 5-2G-1). Photoshop quantification of the nuclear fluorescent signal
affirmed the visual change across the course of the experiment (Figure 5-4).
Cytopl asmi c | abedtehin rergaindd @onstaatoover thee72 Rour
time-course. Parallel cultures grown without exogenous rhEGF also had high
levels of nuclear-a ¢ t i-catninaat 48 hours post-seeding and like the cultures
grown in KSFMc, they exhibited a reduction in nuclear labelling 72 hours post
seeding (Figure 5-3). Results thus implied that the fluctuation of nuclear -active
a-catenin was not caused by the addition and subsequent exhaustion of
exogenous rhEGF in the malium, but was more likely due to alternative factors,

such as the density of the culture.

Western blot data from parallel cultures corroborated the immunofluorescence

findings (Figure 5-5). Densitometry confirmed peak expression of active
a-catenin to be 48 hours post-s eedi ng. R e lcatenin expressiont i v e
(active/total) was calculated as being 0.61, 1.55 and 1.22 at 24, 48 and 72

hours, respectively. Interestingly, relative phospho-ERK expression was also

seen to peak 48 hours post-seeding (Figure 5-5B/D). To investigate whether

t hi s i ncr e a-sagninierpression way dee t@da change in the activity

of the destruction complex, an antibody targeted to the inactive (phospho

serine 9) f or m of G S K 3 a Resubisgevealedetltht the increase in

rel at i v e-ca@mnt expressiora seen at 48 hours postseeding was

accompanied by an increase in phosphoG S K 3Fguré 5-5F). These data thus
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i ndi c at ecdtenin bciivity was being modulated via a Wnt-independent
G S K 3lependent mechanism.

24 hours 48 hours 72 hours

Active
B-catenin

Hoechst
33258

Total
B-catenin

Hoechst
33258

Figure 5-2Expr essi on and | acaenhin NHUtcéll® n o f

NHU cells (Y919) at P4 were cultured for 24 hours, 48 hours and 72 hours in KSFMc +
0.1%(v/v) DMSO. Slides were formalin-f i x e d and i mmunol a b-eaterine d wi t
antibody (8E7) and rabbit anti-mouse IgG-Al exa 594 secondar y-catenint i body
(C2206) and goat anti-rabbit IgG Alexa 488 secondary antibody. All slides were stained with
Hoechst 33258 to delineate the nucleus and labelling was visualised under epifluorescent
illumination. Scale bar: 100pM. Micrographs are representative of two technical replicates
(N=2). Arrow denotes strong p-catenitn labeling at 4& hoerapost-act i v e

seeding and indicates activation of the Wnt pathway changes over time.

164



Chapter 5

24 hours 48 hours 72 hours

Active
B-catenin

Hoechst
33258

Total
B-catenin

Hoechst
33258

Figure 5-3 Expression and | oc al i scateninwhen MHU cdlls

were cultured without exogenous rhEGF

NHU cells (Y919) at P4 were cultured for 24 hours, 48 hours and 72 hours in KSFM + BPE +
Cholera toxin + 0.1% (v/v) DMSO (KSFM-rhEGF). Slides were formalin-fixed and
immunol abel | ed wicdtenin antibody (8E7) and rabbit anti-mouse IgG-Alexa 594
secondary ant i-daterdny(C2206) arid @dagdnti-rabbit IgG Alexa 488 secondary
antibody. All slides were stained with Hoechst 33258 to delineate the nucleus and labelling was
visualised under epifluorescent illumination. Scale bar: 100uM. N=1. Data implies the
fluctuati on i n-catenincdeenaver tleccourse ef 72Ahours is not caused by

exogenous EGF depletion but more likely due to culture confluence.
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Figure 5-4 Quanti fication of nucl ear -@terdn cyt o]

over 72 hour s in normal growth medium (KSFMc) and without

exogenous rhEGF
Line graph represents nucicaenin pixal intensiteg and ptdndasdmi ¢ ac

deviations as quantified from each micrograph (fig 5-2 A-C and fig 5.3 A-C) using Adobe

Photoshop® software.
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Figure 5-5 Wnt-i ndependent e x p-catmmnsviao mhibibidn ofa
GSK3a

NHU cells (Y919) at P4 were cultured for 24 hours, 48 hours and 72 hours in KSFMc + 0.1%

(v/v) DMSO prior to lysis in 2X SDSlysis buffer. 20ug of each protein lysate was subjected to
SDSPAGE within a 412% (w/v) Bis -Tris gel under denaturing conditions and immunoblotted

onto PVDF membrane. The PVDF membranes were blocked and then probed for 16 hours with
antibodies raised againstEc adher i n (-Aat eachi g-&ifenn (Q),phospho-ERK
(D),total ERK (E), phospho-GS K 3sae r(i n e 9 )-actinko)contrah fdr equal lysate loading

(G, H). Membranes were incubated for 1 hour with either goat anti -mouse IgG Alexa 680 or

goat anti-rabbit IgG Alexa 800 depending on the antigen and primary antibody used. Antibody

binding was visualised by scanning at 700 and 800nm. Densitometry results were represented
graphically relative to the appropriate loading control. N=1. Not e how t he pattern
catenin, phospho-ERK and phospheaGSK3a expression i s alfoleachi mil ar

antibody can be found in appendix 1X.
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Parallel cultures incubated in the presence of PD153035 and labelled with active
a-catenin antibody (8E7) demonstrated weak nuclear and cytoplasmic signal
over the time course of the experiment, with very little nuclear labelling visible
by 72 hours (Figure 5-6). Quantification estimated there to be a 43.6%

reduction in signal intensity between the 24 and 72 hour culture (Figure 5 -7).
Cytoplasmic active a-catenin labelling was also seen to reduce over the 72 hour

time course (37.4% reducti on; Figure 5-7).

Densitometry analysis of western blots from parellel cultures showed no
significant change i ratesix gver ehe cousen of thd
experiment (Figure 5-8B/C). Expression of RERK was aso low confirming the

efficacy of the EGFR tyrosine kinase inhibitor (Figure 5-8D/E). Expression of

act

inactve-GSK3a (phosphoryl ated on serifheur 9) w

time course suggestive of an active destruction complex.
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24 hours 48 hours 72 hours

D)
Hoechst
33258

)
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Active
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Total
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Figure 5-6 Ex pr essi on and | oc al-dateréntiniNelcellsf act i

after EGFR tyrosine kinase inhibition

NHU cells (Y919) at P4 were cultured for 24 hours, 48 hours and 72 hours in KSFMc + 1uM
PD153035. Slides were fixed and i mmunol abel | eaeniwantibbdy @BE7} andd e a
rabbit anti-mouse IgG-Al exa 594 secondar yatenin (C2206) ahg goat anti-t ot a |
rabbit 1gG Alexa 488 secondary antibody. All slides were stained with Hoechst 33258 to
delineate the nucleus and labelling was visualised under eptfluorescent illumination. Scale bar:

100uM. Micrographs are representative of two technical replicates (N=2). Note the low nuclear

l abelling with bot fratenihantibades aver the 72 Imodr ti meocbuase. a
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-@aterdn cyt o

Line graph represents nuclear and cytoplasmic active a-catenin pixel intensities and standard

deviations as quantified from each micrograph (fig 5-.6 A-C) using Adobe Photoshopy’ software.
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Figure 5-8 Effect of EGFR tyrosine kinase inhibition on expression of

Wnt signalling components

NHU cells (Y919) at P4 were cultured for 24 hours, 48 hours and 72 hours in KSFMc + 1uM
PD153035 prior to lysis in 2X SDSlysis buffer. 20ug of each protein lysate was subjected to
SDSPAGE within a 412% (w/v) Bis -Tris gel under denaturing conditions and immunoblotted
onto PVDF membrane. The PVDF membranes were blocked and probed with antibodies raised
against Ecadherin (A&A)t eachni \(@enin (€)ophaspho-ERK (D), total ERK
(E), phospho-GS K3 a ( s &1 i raeadif datibodies to control for equal lysate loading (G,
H). Membranes were incubated for 1 hour with either goat anti -mouse IgG Alexa 680 or goat
anti-rabbit IgG Alexa 800 depending on the antigen and primary antibody used. Antibody
binding was visualised by scanning at 700 and 800nm. Densitometry results were represented
graphically relative to the appropriate loading control. N=1. Note the low expression of active
a-catenin, phospho-ERK and phosphaGS K3 a i n ¢ omp a5 Whoterblots for edch g 5

antibody can be found in appendix 1X.
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Inhibition of MEK1/MEK2 with U0126 resulted in a reduced nuclear active a-
catenin expression compared to the solvent balanced control culture at both the

24 hour and 48 hour time points (Figure 5-2 vs. Figure 5-9). Signal intensity
for both nuclear and cytoplasmic active a-catenin was reduced, but was not as
striking as with PD153035 treatment (Figure 5-6). Western blot using an
antibody targeted to P-ERK (p42/44) verified the efficacy of the MEK1/MEK2
inhibitor (Figure 5-10). Densitometry revealed no change in the relative
expressiono f  a c-tatenireoveathe time course of the experiment (Figure 5
10). Expression of -GS K 3 a low @&r the entire course of the experiment
(Figure 5-10).
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24 hours 48 hours 72 hours

Active
B-catenin

Hoechst
33258

250.0

100.0 %ﬂ_\{

200.0

150.0 4

Mean active B-catenin pixel intensity

08 1 24h [ 48h 72h
——Cytoplasm| 38.2 | 15.6 | 20.3
——Nucleus 89.5 75.2 72.2
Figure 5-9 Expression and sub -cel | ul ar | ocat i-acatenino f ac

after MEK1/MEK2 inhibition

NHU cells (Y919) at P4 were cultured for 24 hours, 48 hours and 72 hours in KSFMc + 5uM
U0126. Slides were fixed andi mmun ol ab el | e dcatemin antibody (clorie WRC; 8E7)
and rabbit anti-mouse IgG-Alexa 594 and stained with Hoechst 33258. Antibody binding was
visualised under epi-fluorescent illumination. Scale bar: 100uM. Micrographs are representative
of duplicate experiments (N=2). Li ne graph represents nucdaeranr and
pixel intensities and standard deviations as quantified from each micrograph using Adobe
Photoshop® s of t war e . Note t he | ocatenia over tesceurse of the f act

experiment.
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Figure 5-10 Effect of MEK1/MEK2 inhibition on components of the
Whnt signalling pathway

NHU cells (Y919) at P4 were cultured for 24 hours, 48 hours and 72 hours in KSFMc + 5uM
U0126 prior to lysis in 2X SDS lysis buffer. 20ug of each protein lysate was subjected to SDS-
PAGE within a 412% (w/v) Bis -Tris gel under denaturing conditions and immunoblotted onto
PVDF membrane. The PVDF membranes were blocked and then probed for 16hours with
antibodies raised againstEc adher i n (-Aat eaihbi (-&fenn (Q),phospho-ERK
(D), total ERK (E), phospho-GS K3 a (ser i ne $gtingntthddiesatmabntral fortequal a
lysate loading (G, H). Membranes were incubated for 1-hour with either goat anti -mouse 1gG
Alexa 680 or goat anti-rabbit IgG Alexa 800 depending on the antigen and primary antibody
used. Antibody binding was then visualised by scanning at 700 and 800nm. Densitometry
results were represented graphically relative to the appropriate loading control. N=1. Act i-ve a
catenin expression as well as phospheGS K3 & a n d -ERKirensaméd dow over the 72 hour

time course. Whole blots for each antibody can be found in appendix IX.
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NHU cell cultures treated with 5puM LY29 4002 and | abel-daterih wi t h
antibody (8E7) showed strong nuclear labelling which peaked at 48 hours post-
seeding (Figure 5-11). This coincided with a reduction in the intensity of
cytoplasmic labelling at the same time point (Figure 5-11). | nterestingly, some
cells had membrane localised labelling, which was not evident in the solvent
balanced control cultures (Figure 5-11 white arrow heads vs. Figure 5-2). At
72 hours post-s eedi ng, nucl ear JcaehireWwak vanaple viito r a c
some cells showing intense nuclear labelling and others with very little (Figure
5-11). The efficacy of the PI3K inhibitor, LY294002 was verified by western
blot from parallel cultures using an anti phospho-AKT antibody (S473; D9E
Figure 5-12). Densitomet ry results showed an 1i-ncrea
catenin expression over the course of the experiment with the highest
expression observed at 72 hours postseeding (Figure 5-12). P-GSK3 a | abel |
was intense at both the 24 hour and 48 hour time points but surprisingly had

disappeared completely by 72 hours (Figure 5-12).
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Figure 5-11 Expression and | oc al icatemnih inoNMHU o f ac

after treatment with LY294002

NHU cells (Y919) at P4 were cultured for 24 hours, 48 hours and 72 hours in KSFMc + 5uM
LY294002. Slides were fixed -eterdn antibodyu(clond ABG,e |l | e d
8E7) and rabbit anti-mouse 1gG-Alexa 594 and stained with Hoechst 33258. Antibody binding

was visualised under epifluorescent illumination. Scale bar: 100uM. N=1. Arrow heads
indicate membrane | abelling. Line gr apt¢tatennepr ese
pixel intensities and standard deviations as quantified from each micrograph using Adobe

Photoshop® software.
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Figure 5-12 Effect of PI3K inhibition on components of the Wnt

signalling pathway

NHU cells (Y919) at P4 were cultured for 24 hours, 48 hours and 72 hours in KSFMc + 5uM
LY294002 prior to lysis in 2X SDSlysis buffer. 20ug of each protein lysate was subjected to
SDSPAGE within a 412% (w/v) Bis -Tris gel under denaturing conditions and immunoblotted
onto PVDF membrane. The PVDF membranes were blocked and thenprobed for 16 hours with
antibodies raised againstEc adher i n (-Aat eaichbi -&fenn (Q),phospho-ERK
(D), total ERK (E), phospho-GS K3 a (seri ne -8KT (4B)(G), tptdl AKS 1jH) and
a n t -actinantibodies to control for eq ual lysate loading (I, J). Membranes were incubated for
1 hour with either goat anti -mouse IgG Alexa 680 or goat anti-rabbit IgG Alexa 800 depending
on the antigen and primary antibody used. Antibody binding was visualised by epi -fluorescence
illumination at 700 and 800nm. N=1. Densitometry results are graphically represented relative

to the appropriate loading control. Whole blots for each antibo dy can be found in appendix 1X.
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5.210.2 Ef fect of EGF signal |l i-caeninflTICRhi bi t

mediated transcription

Expression of t hr ecatenid/TOF ¢ranscription (AgrR,tcMY® f a
and LEF1), as well as one negativelyregulated target (CDH1) were quantified
after incubation with EGFR signalling inhibitors. Expression of Axin2 was
significantly down-regulated (> 2 -fold) after 24, 48 and 72 hours in culture with
1pM PD153@5 and implies inhibition of EGFR signalling reduces TCHnediated
transcription (Figure 5-13). Treatment with U0126 also reduced the expression
of Axin2 by more than 2 -fold at both the 24 and 48 time point but not at the 72
hour timepoint (Figure 5-13). LY294002 did not significantly alter the
transcription of Axin2 (Figure 5-13). Expression of cMYC was signifcantly
down regulated when NHU cells were incubated with PD153035 or U0126 at the
48 hour timepoint only. Quantification of LEF1 expression was hampered by
low expression and resulted in high standard deviation. CDH1 mMRNA
expression was significantly higher in the PD153035-treated culture at 48 and
72 hours post-seeding when compared to the solvent balanced control at the
same time point (Figure 5-13). Neither U0126, nor LY294002 treatment
affected the mRNA expression of CDH1 Figure 5-13).
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Figure 5-13 Ef f ect of EGF s tcgtenia/TGFi mediated n

transcription

NHU cells (Y919) at P4 were cultured for 24, 48 and 72 hours in KSFMc with 0.1% (v/v) DMSO,
1pM PD153035, 5uM U0126 or 5uM LY294002. Cé$ were solubilised /in situ with Trizol®
reagent and the total RNA content from the culture was extracted. All samples were subjected

to DNAse /digestion to remove residual gDNA prior to first-strand cDNA synthesis using 1ug of
template mMRNA and random hexamers. Quantitative RT-PCR was performed for three direct
d o wn s t r-catenin/T@F targets: Axin2, c-Myc and LEF1. The repression ofE-cadherin mRNA
expression was also quantified. Data was normalised to GAPDHand expressed relative to
solvent balanced control. Data represents the log2 mean expression of three-technical
replicates with the corresponding standard deviation. Red and green lines represent 2-fold

up/down regulation .
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5.2.11 Summary

1 Labelling intensity for nuclear active a-catenin was not constant over
time in culture. Nuclear labelling using two different antibodies raised
agai nst act i-catenindathdlabélledtmadh mare intensely 48
hours post-seeding than at any other time point. After 72 hours in
culture, nuclear labelling had reduced, indicating a possible link between
a-catenin release and culture confluence/contact inhibition. Nuclear
accumulation of a-catenin was not affected by the omission of
exogenous rhEGFbut was reduced by the addition of PD153035 to the

growth medium.

1 Western blot from parallel cultures revealed a correlation between active
a-catenin expression, high phospho-ERK andi nhi bi ti on of G
phosphorylation at serine 9. Inhibition of the EGFR pathways with
PD153035 reduced t he-catemmoandhalso ledfto eact i v
reduction in phospho-G S K 3iridicating a link between the pathways

downstream ofcatdhi@FR and a

1 Treatment of NHU cells with MEK1/MEK2 inhibitor reduced the nuclear
l abel |l i ng i nt eca®nintbut ndt torthe axtent iseere witka
PD153035. Western blot data corroborated this reduction in active
a-catenin expression after MEK1/MEK2 inhibition and indicated that the
MAPK pat hway may be i mpordaennt i n the |

1 Treatment with the PI3K inhibitor, LY294002, increased the nuclear
labelling intensity seen with the a c t i wa&enina antibody (8E7).
Western blot data verified thisincr e as e i-oateranc tPhogpho a
GSK3a (serine 9) expression was high

disappeared completely by the 72 hour time-point.
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1 Quantitative RT-PCR revealed a significant decrease in Axin2 expression
when NHU cells were cultured in the presence of PD153035 compared to
solvent balanced control cultures at the same time-point and iplies a

reduction in TCFmediated transcription.

5.2.12 Experimental design  (Objective 2)

NHU cells were pre-treated for 24 hours in KSFMc containing 0.1% (w /v) DMSO

(vehicle control), 1uM PD153035, 5uM U0126 or 5uM LY294002 to block all, or

specific parts of the EGF signalling cascade. After pretreatment, NHU cells were

cultured in KSFMc +51 0 OM SB415286 GSK3a i nhibito
presence of fresh EGF signalling inhibitors for up to 5 days to determine

whether NHU cells respond to pharmacological inhibitors when EGFR signalling

was blocked. The following experiments were undertaken to assess the effects

0 n -cdenin sub-cellular location, TCFmediated transcription and NHU cell

growth (Figure 5-14):

1 Morphology: NHU cells were visualised by phase contrast microscopyand
representative photomicrographs were taken to allow comparison.

1 Indirect immunofluorescence microscopy: NHU cells were formalin-fixed
24 hours after the addition of SB415286 and immunolabelled with active
a-catenin antibody (ABC; clone 8E7). The nuclear signal intensity for
a ct i ~cateninawas quantified from photo micrographs taken at the
same exposure using Hoechst 33258 to delineate the nucleus.

1 Cellviability assays: viable cell biomass was measured using MTT assays
over a 5 day time course to assess proliferation rate.

1 TOPFLASH dual luciferase assay: NHU cells were lyse@4 hours after
treatment with SB415286. TCF activity was assessed in triplicate wells
using the TOPFLASH dual luciferase repder assay. Results were
normalised to constitutively active Renilla luciferase and compared to

those obtained with the negative control plasmid , FOPFLASH.
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| NHU (p2) confluent monolayer |

16 x 96-well 4x 12-well 4x 24-well
plates slides plates
Seeded at 2x10° cells per well in KSFMc | | Seed at 2.5 x 10* cellsfcm? in KSFMc | | Seed at 4 x 10* cells/well in KSFMc |
l Allow to adhere for 3
Allow to adhere for 3 Allow to adhere for 3 hours
hours hours

Transfect with TOPFLASH/FOPFLASH
vectors and CMV-Renilla control

- -
e chnged M) o [ o ] | eve o s
M/C to:

MTT Day KSFMc + KSFMc +
0 +DMSO + + LY294002 +DMSO + - LY294002
PD153035 U0126 PD153035 U0126
s 24 miC o] I B S
PD153035 U0126
l l l l v After 24 h M/C to|
KSFMc+ 1Y294002 KSFMc+ 1¥294002
KSFMc+
Dayl  pMsO +5B415286 DMSO +5B415286 OMSO vy :gégfggéﬁ
PD153035 uU0126 PD153035 U126 PD153035 U0126
+5B415286 +5B415286 +5B415286 +£5B415286 +GB415286 +SB415286

Immunofluorescence for active B-catenin "y assa
- S - Iuc‘.f;;?‘se
=24h

Figure 5-14 Experimental design to assess the effect of combined EGF

and GSK3 i nhi-tatetinisignalling n a

Ureteric NHU cell line (Y924) was cultured in KSFMcwith 0.1% (v/v) DMSO (vehicle control),

1uM PD153035, 5uM U0126 or 5uM LY294002 to inhibit all or specific parts of the EGFR
signalling cascade (day 0). After 24 hours, the medium and EGF signalling inhibitors were
replenished and cultures were incubated with 0-10uM SB415286 (day 1). DMSO was kept
constant at 0.1% (v/v) in all experiments and controls. To assess the effect of EGF and GSK3
inhibition on cell proliferation, MTT assays were performed on days 2, 4 and 6 with medium and

inhibitors replenished on day 3. Cell morphology, TCF activation and b-catenin nuclear

translocation were assessed at day 2 (24 hours post SB415286).
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5.2.13 Results

5.2.13.1 The effect of combined EGFR pathway and GSK3 inhibition
on NHU morphology

When cultured in normal growth medium + 0.1% (v/v) DMSO, NHU cells were
small in size (~20um in diameter) with phase -bright cell borders (Figure 5-15).
Cells formed a non-stratified monolayer with typical epithelioid pavement

morphology (Figure 5-15).

In the presence of 1 uM PD153035, NHU cells were seen to adopt an enlarged
and flatter appearance (Figure 5-15;white arrow). Cell borders were not phase -
bright. 10uM SB415286 in combination with PD153035 had little effect on cell
morphology compared to PD153035 alone (Figure 5-15). Both cultures

appeared to be quiescent, with no mitotic figures apparent.

When applied alone, 5uM U0126 reduced the culture density and individual cell
size compared to solvent balanced control (Figure 5-15). A proportion of highly
elongated cells were evident throughout the culture (Figure 5 -15 black arrows).
Cotreatment with 10uM SB415286 and 5uM U0126 reduced the cell density

further, while cell morphology remained the same (Figure 5 -15).

Treatment with 5uM LY294002 had little effect on cell morphology or culture
density when compared to solvent balanced control (Figure 5-15). Co-
treatment with SB415286 and LY294002 had no visible effect on cell
morphology compared to LY294002 alone (Figure 5-15).
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Figure 5-15 Effect of combined EGFR and GSK3 inhibition on
morphology

Phase contrast micrographs of Y924 (P3) NHU cells after a 24hour incubation with EGFR
signalling inhibitors and a further 24 hour incubation with EGFR inhibitors +10u M SB415286.
White arrow denotes flat and enlarged cells. Black arrows highlight elongated cells. Scale bar:

100pm.
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5.2.13.2 The effect of combined EGFR pathway and GSK3 inhibition

o n a c t-catemn e&pression and localisation

Nuclear labelling intensity for ac t i wcatenid was dramatically reduced in the
PD153035-treated culture compared to vehicle control (Figure 5-16). Co
treatment with SB415286 and PD153035 resulted in a more intense and
punctate/granular nuclear labelling than with PD153035 alone and was possible
the result of aggregate formation. Hoechst 33258 staining revealed nuclei to
also be enlarged (Figure 5-16). NHU cells co-treated with PD153035 and
SB415286 al so showed cy tcatenik @iguzet5dé; whie
arrow). A comparison of the mean nuclear pixel intensities obtained from
PD153035treated cells (110.8+ 11.7 SD) and PD153035 plus SB415286 treated
cells (143+ 25.0 SD) revealed a statistically significant difference between the

two cultures (P <0.01; Figure 5 -17).

With U0126 treatment alone, a c tcatenm expression was seen to be more
diffuse with both nuclear and cytoplasmic labelling visible. Nuclear labelling
appeared less intense than in the vehicle control. In a large proportion of cells,

a c t i-gatenindabelling was also evident at the cell membrane (Figure 5-16;
grey arrow). No profound change in the expression or localisation of active
a-catenin was noticeable when U0126 pre-treated NHU cells were cultured in
medium containing both U0126 and SB415286 (Figure 5-16).

Treatment with LY294002 did not affect the expression or localisation of active
a-catenin. No difference was o0bs eatenie

when cells were co-treated with SB415286 and LY294002 (Figure 516).
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Figure 5-17 Quanti fi cation of -catanmlineNHU celisct i v e

treated with combined EGFR signalling and GSK3 inhibitors

Bar chart repr es e qftdtenin as lasséssged from dhe pixelimtensiies of each
micrograph in fig 5-16 using Adobe Photoshof® software. Error bars represent standard
deviations obtained from 20 randomly picked cells selected from the Hoechst 33258 image.

(*** p<0.001, ** p<0.01, NS not sig nificant, Tukey-Kramer multiple comparisons test).
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5.2.13.3 Cell viability assays

PD153035treated cultures were severely growth retarded when compared to
vehicle control cultures at the same timepoint ( Figure 5-18A). Cultures treated
with 1uM PD153035 and 5uM SB415286 showed no statistically significant
difference in growth rate compared to culture s treated with PD153035 alone.
On the other hand, cultures co-treated with 7.5-10uM SB41528 and PD153035
had a statistically significant higher proliferation rate when compared to
PD153035 alonefigure 5-18B;P<0.05). This indicated that treatment with
SB415286 was able to alleviate the proliferative block seen with PD153035

aloneand i mp | icatehin was abte toalrive NHU cell proliferation alone.

NHU cells incubated with U0126 also had a reduced proliferation rate compared
to control cultures at the same timepoint (Figure 5-19A). However, addition of
5-10uM SB415286 did not significantly alter the proliferation rate of U0126
treated cells (Figure 5-19B).

Cultures incubated in 5uM LY294002 had a reduced growth rate compared to
control cultures, but not to the extent observed with 1uM PD153035 or 5uM
U0126 (Figure 5-20A). Addition of 5-10uM SB415286 had no effect on the
growth rate of LY294002 treated NHU cells (Figure 5-20B).
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Figure 5-18 Effect of combined EGFR and GSK3 inhibition on NHU cell
viability

MTT assays were performed on NHU cells (Y911) at P3 on days 0, 1, 3 and 6. On day 0, cells
were cultured in KSFMc + 1uM PD153035. On day one, PD153035 was replenished and the
medium was supplemented with 0-10uM SB415286 where indicated. A) Data shows the mean
absorbance at 570nm (xSD) of 3 technical replicates. B) Bar graph and statistical analysis from
day 6 only. Each data point is the average of 3 technical replicates + SD. (*** p<0.001, *

p<0.05, one way ANOVA with multiple comparisons post-test).
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Figure 5-19 Effect of combined MEK1/MEK2 and GSK3 inhibition on
NHU cell viability

MTT assays were performed on NHU cells (Y911) at P3 on days O, 2, 4 and 6. On day O, cells
were cultured in KSFMc + 5uM U0126. On day one, U0126 was replenished and the medium
was supplemented with 0-10uM SB415286 where indicated. A) Data shows the mean
absorbance at 570nm (xSD) of 3 technical replicates. B) Bar graph and statistical analysis
from day 6 only. Each data point is the average of 3 technical replicates + SD. (*** p<0.001,

* p<0.05, one way ANOVA with multiple comparisons post -test).
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Figure 5-20 Effect of combined PI3K and GSK3 inhibition on NHU ce Il
viability

MTT assays were performed on NHU cells (Y911) at P3 on days O, 2, 4 and 6. On day 0, cells
were cultured in KSFMc + 5uM LY294002. On day one, LY294002 was replenished and the
medium was supplemented with 0-10uM SB415286 where indicated. A) Data shows the mean

absorbance at 570nm (xSD) of 3 technical replicates. B) Bar graph and statistical analysis from

day 6 only. Each data point is the average of 3 technical replicates + SD. (*** p<0.001, one

way ANOVA with multiple comparisons posttest).
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5.2.13.4 Assessing the effect of EGFR signalling and GSK3 inhibition
on TCF activity

NHU cell cultures treated for 24 hours with 0-10uM SB415286 did not show any
change in TCF activity (Figure 521). Normalised luciferase activity
(Firefly/Renilla) in the TOPFLASH assay was in fact less than in the negative
FOPFLASH control assay (Figure #1A). Treatment with 1uM PD153035
reduced the luciferase activity in both the TOPFLASH and FOPFLASH assay,
indicating a possible reduction in the activity of the TK mini mal promoter
(Figure 5-21B). When 10pM SB415286 was added to PD153035 pretreated
cultures, TOPFLASH normalised luciferase activity significantly increased, but
FOPFLASH activity did not indicate any increase in TCF mediated transcription
(P<0.01; Figure 5-21B).

Addition of 7.5-10uM SB415286 to NHU cultures pretreated for 24 hours with

5uM U0126 slightly elevated the mean TOPFLASH luciferase activity above that
obtained with the FOPFLASH negative control but this was not statistically

significant (Figure 5-21C).

Pre-treatment of NHU cultures for 24 hours with 1uM LY294002 prior to the
addition of 7.5-10uM SB415286 had no effect on TCF activity (Figure 521D).
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Figure 5-21 TCF transcription factor activit y after co -treatment with

EGFR signalling and GSK3 inhibitors

NHU cells (Y924) were seeded into a 24well Primaria® plate at 4 x10* cells/well and
transfected with either 5pg of TOPFLASH or FOPFLASH plasmid along with 0.01pg of pRICMV
(loading control). 16 hours after transfection, NHU cells were pre-treated with 0.1% (v/v)

DMSO(A) , 1uM PD153035 (B) , 5uM U0126 (C) or 5uM LY294002 (D) in KSFMc for 24 hours
and then incubated for a further 24 hours with 0 -10uM SB415286 in the continued presence of
EGFR sigalling inhibitors. A dual luciferase assay was performed on 3 technical replicates and
data represents the mean luciferase activity after normalisation to loading control + SD. (**

p<0.01, NS not significant, one -way ANOVA with Bonferroni multiple comparisons post test).
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5.2.14 Summary

1 Addition of 1uM PD153035 to the culture medium of NHU cells
significantly reduced the nucdaenar | at
i ndi cat i n-gaterincig iegulated ey signalling downstream of
EGFR Thi s reduct i on-caiemn could dbé eaatielly act i
restored by the addition of 10uM SB415286 .

1 Incubation with either EGFR (uM PD153035 or MAPK inhibitor (5uM
U0126) severely retarded the proliferation rate of NHU cells. Addition of
10pM SB415286 to PD153035 treated cells increased the viable cell
biomass of the culture indicative of an increase in cell proliferation and
S uUggest s-cateqirt carvdeve proliferation in NHU cells. SB415286
had no effect on the proliferation rates of NH U cells treated with
MEK1/MEK2 or PI3K inhibitors.

1 Incubation with 10uM SB415286 led to an increase in TCF transcription
factor activity but only when all downstream signalling via the EGFR was
blocked.

194



Chapter 5

5.3 The role of cell:cell contacts in modulating a-catenin
activity

5.3.1 Cell:cell interactions

Intercellular or cell:cell junctions are classified into three main types: the tight
junction, which has an important role in barrier function, the communication or
gap junction and the anchoring junctions, which are composed of adherens

junctions and desmosomes (Figure 5-22).

Apical

4 )

Tight junctions

. Adherens junctions

\

Desmosomes
Gap junctions .
N\ J

Basolateral

Figure 5-22 Cell:cell junctions

Schematic illustrating the four types of cell:cell junctions found between epithelial cells: tight

junctions, adherens junctions, desmosomes and gap junctions.
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5.3.1.1 Tight junctions

Tight junctions (TJ) can be found between the lateral membranes of two
adjacent cells and limit para-cellular diffusion of water and solutes by bringing
together the cell membranes of adjacent cells and sealing the paracellular space
(reviewed by (20)). TJ are multi-protein junctions composed of up to 40
different proteins that show tissue -specific distributions. Three main groups of

proteins are recognised:

1 Integral TJ proteins that bridge the intercellular space and include the
occludins (178), claudins (179) and junctional adherens molecule (JAM
1)(180).

1 Adaptor proteins which cluster and anchor the integral TJ proteins to the
cytoskeleton and include zonular occludens (ZO-1, -2, -3), member of
the membrane-associated guanylate kinases (MAGUK) which bind to
claudins via their PDZ domain (181).

1 A miscellaneous group which are composed of cytosolic proteins. Tight
junctional complexes not only regulate polarity and barrier function but
have been shown to be involved in cell proliferation and tumour
suppression by recruiting such molecules as pTEN (182) and
transcription factors such as cold shock domain protein A (CSDA alias
Zonab (183).

5.3.1.2 Communicat ion junctions

Gap junctions are channels directly connecting the cytoplasm of two adjacent
cells and allow intracellular communication via the passage of small molecules up
to 1KDa in size such asK"' ions, C&* ions, ATP and glucose (reviewed by (184)).
Each channel is composed of two endto-end hemi-channels which are
themselves composed of a hexamer (connexon) of transmembrane proteins

called connexins (Cxs). Gap junctions can be homotypic (composed of the same
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connexon unit) or heterotypic (composed of 2 differing connexon units) which
affects the selectivity and functional properties of the channel. In humans there
are 24 connexin genes, but to date, the expression profile in human urothelium

is unknown.
5.3.1.3 Anchoring junctions

In epithelia, adherens junctions (AJ) are the principal form of intercellular
adhesion and are important in the organisation and stratification of the tissue.
Adherens junctions form between adjacent cells via calcium-dependent,
homophilic engagement of E-cadherin molecules (Figure 523)(69). The amino
(N)-terminal extracellular domain of E-cadherin is composed of five domains
(ECL-ECS5), four of which bind Ca?* ions and are necessary for adherens

junctions to form (185-187). The intracellular cytoplasmic tail of E-cadherin

complexes directly with two -caemmbaadP4200 f

and forms a stabilising bridge with U-catenin and vinculin to the actin

cytoskeleton (Figure 5-23) (186, 188-190).
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Figure 5-23 Schematic representation of an adherens junction

between two adjacent cells

The adherens junction (AJ) is a calcium-dependent cell:cell adhesion junction composed of a
complex of cadherins (Ec adher i n) and cadtean inmatehiMdyviaidd formaa

bridge via vinculin to the actin cytoskeleton.

5.3.2 a-catenin sequestration  at the adherens junction

When bound as an intracell ul ar caaterpnasn e nt
spatially separated from the soluble cytoplasmic pool and is unable to translocate
to the nucleus. Insub-conf | uent -acatanintisufouadsto beatyrosine
phosphorylated at its C-terminal domain and does not interact with the
components of the adherens junction (191-193). Examples of tyrosine (tyr)
phosphorylation events which disrupt the adherens junction include
phosphor yl aatenio mt tyw654 &y Src or EGFR (disrupting the
c ad h e-catenii @omplex) and tyr-142 phosphorylation by Fer or Fyn
(abr ogataitregnid i nt eaatanin} (198-98)w intcdntrast to this,
confluent cultures have been shown to mainly express non-tyrosine

phosphorylated, serine/threonine phosphorylated a-catenin which localises at the
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membrane as an intrinsic component of the adherens junction (191-193).
Tyrosine phosphatase (PTPase) which stabilise the adherens junction complex

and thus increase cell:cell adhesion include, PTP1B and PTPm199-201).

Other mechanisms that may affect the formation of the adherens junction
i ndependeaateninynclaé: th@onine phosphorylation of E-cadherin by
CKIll (202), E-cadherin endocytosis (108) and E-cadherin transcriptional
repression by Snail (203).

In certain situations, modulation of the membrane -b o u n d p ecaténin bak
been reported to result in increased TCF transcription activity. For example, in
one study, short-term exposure of A431 human epidermoid cancer cells, A549
human small cell lung carcinoma cells and DU145 prostate cancer cells to

exogenous EGF was shown to induce calveolaemediated E-cadherin

endocytosi s and s u bcateno.uMosttimpaortantlye thissdudyo f

also showed that long-term EGF exposure increased Ecadherin repression by
a-catenin/TCFmediated expression of the transcriptional repressors, Snail and
Twist, suggesting a positive feedback mechanism between the two pathways
(168, 203). Other mitogen-activated pathways which have been implicated in
the same positive feedback loop include: FGFR1204) and T @PR.1
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5.3.3 Rationale

Ac t i acaeninacan be sequestered at adherens junctions resulting in a

coordinat ed rcatehim-ceguiatech genie rexprasson and increased

cell :cell adhesi on. -caténimimay bes atagoeised byat i on

number of growth factor signalling mechanisms which either disrupt the
adherens junction or down-regulate E-cadherin expression and lead to a
reduction in cell:cell contact coupled with an increase in TCFmediated gene
transcription. The literature suggests that a-catenin may be a key mediator in
overseeing the close coordination of growth factor-induced proliferation with
cell:cell adhesion. This chapter will explore the dynamics between adherens
j unct i on sateninfT@Fmetliated gene transcription as a potential

mechanism controlling NHU cell proliferation.

5.3.4 Hypothesis

Cell :cell cont act a ncdtenin latehe adbegensejundtionast i o n

an important me acaenintfl€C~mediatet anskriptiorgandacell

proliferation.

5.3.5 Aim

To ascertain whether increased cell adhesion reduces the availability of active
a-catenin, in order to test the hypothesis that cell:cell contact and
a-catenin signalling act cooperatively in switching urothelial cells between a

proliferative and quiescent state.

5.3.6 Objectives

1 To assess the &effect of cul ture-
catenin to the nucleus.
1 To employ a calcium switch approach (sub- to near-physiological C&*

concentrations) to prohibit or permit the formation of adherens junctions
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respectively, in order to assess whether their formation modulated

a-catenin activity and TCF mediated transcription.

5.3.7 Experimental design

The effect of cul t ur-eaaterenexpfedsioneandclazalisation act i

was assessed in NHU cells (Y919) at P4. Cells wereplated at low (1.25 x 10 *
cells/cm?) and high (5 x 10 * cells/cm?) seeding densities and then formalin-fixed

and detergent-permeabilised at 24, 48, 72 and 144 hours post-seeding.

Cultures were 1 mmunol ab ecatdnia.dThd pooportiancof i

nucl ear t o -catehiwmwak assialised by eEnmunofluorescence photo
microscopy and quantified from photo-micrographs captured at constant

exposure.

The r egul-eaateninoantivitp by seuestration at adherens junctions was
investigated by modulating the extracellular calcium concentration. NHU cells
were cultured in either low calcium conditions (0.09mM CaCl,) which restricted
the formation of adherens junctions, or with 2mM CacCl, for up to 72 hours. At
24 hour intervals, parallel cultures were: formalin -fixed and immunolabelled for
acti-uat @ni n ;catenim and E-cadherin; used to generate whole cell
lysates in 2x SDS lysis buffer or; lysed in Trizof® reagent for subsequent
extraction of mMRNA. Thesub-c el | ul ar |catenia and B-cadherih was
determined by immunofluorescence photo-microscopy and the relative
expression of a echténin ewas aassdssed byt vaektern ablot.
Downstream targ e t s -catefnin signalling were quantified by SYBR Green |

RT-gPCR.
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5.3.8 Results

5.3.8.1 The effect of ¢ ell densit y

Seeding NHU cells at a lowdensity (1.25 x 10* cells/cm?) prolonged the length
o f t rcatenin was present in the nucleus (Figure 5-24 vs. Figure 5-2 for
compar i s on)-cateninSuctear tagelling was present for at least 72
hours when NHU cells were seeded at 1.25 x 10" cells/cm? (Figure 5-24A-C and
I-K) . A reduct i oncaténin pobl lwas seen &¢44 éh@urs post
seeding (Figure 5-24). Coincidently, quantification of the cytoplasmic signal
displayed the opposite effect, with weak labelling seen up to 72 hours and then

a sharp increase 144 hours postseeding (Figure 5-25).

Seeding NHU cells at a higher plating density of 5 x 10* cells/cm® did not
compl etely ablate the nucdateranrbutdid mduscel oc at
the labelling intensity (Figure 5-26 vs. fig Figure 5-2). Quantification of the
nucl ear | o c a-tatemiredignalawas vesified ag being lower in the
higher density culture compared to the lower density culture (111 vs. 171

arbitrary units; Figure 5-27 vs. Figure 5-25).
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24 hours 48 hours 72 hours 144 hours

-
-
7)

Figure 5-24 Expr essi on and | ecatenih in dlldU cells overo f

time when seeded at low plating density

NHU cells (Y919) at P4 were seeded at 1.25 x 10" cells/cm? and cultured for 24 hours, 48
hours, 72 hours and 144 hours in KSFMc. Medium was replaced every 3 days to replenish
growth factors. Slides were fixed and immunolabelled wit h  a c {cdtenie antbody (8E7),
t ot aatenid (C2206) or E-cadherin antibody (HECD1). All slides were stained with Hoechst
33258 to delineate the nucleus and labelling was visualised under epi-fluorescent illumination.
Photo-micrographs are of NHU cells labelled with anti-a ¢ t i-eca®ningA-D) , t-catern (I-
L) and E-cadherin (M-P) with matched Hoechst 33258 staining underneath. Scale bar:100uM.
N=1. a-catenin was present in the nucleus of NHU cells for longer when seeded at a lower

plating density.

203



Chapter 5

250.0 -
ey

2

I 200.0 -

c

o

8 1500 -

c

[

g

S 100.0 -

o

E; |

S 50.0 |

: \

)

= 0.0

24h 48h 72 h 144 h

—=ytoplasm 53.7 54.1 55.4 04.1
—— Nucleus 140.0 171.0 155.4 104.2

Figure 5-25 Quant i fi cation of nucl ear -catenh cyt o

in NHU cells over time when seeded at low density

Line graph represent s nucicaeain pixalnntensitieg aino pthndasdmi ¢ ac
deviations as quantified from each micrograph (fig 5 -24A-D) using Adobe Photoshop® software.

Note inverse relationship betweencaenincl ear and cyt
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24 hours 48 hours 72 hours

w

Figure 5-26 Ex pr essi on and | ecatenihin&ldUcellsoverof a

time when seeded at high plating density

NHU cells (Y919) at P4 were seeded at 5 x 10 cells/cm? and cultured for 24 hours, 48 hours

and 72 hours. Slides were fixed and immunolabelled with  a c t-datenén aritibody (8E7), total

a-catenin (C2206) or E-cadherin antibody (HECD1). All slides were stained with Hoechst 33258
to delineate the nucleus and labelling was visualised under epi-fluorescent illumination. Photo-
micrographs are of NHU cells labelled with anti-a ¢ t i-ecaningA-C) , t-cateranl (G-ljand

E-cadherin (J-L) with matched Hoechst 33258 staining underneath. Scale bar: 100uM. N=1.
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Figure 5-27 Quantification of nuclear and

in NHU cells over time when seeded at high plating density

Line graph

represents

cytopl as mi ccatanint i v e

n u c icaenin pixal nntensitieg and ptandasdmi ¢

deviations as quantified from each micrograph (fig 5.26 A -C) using Adobe Photoshop® software.
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5.3.8.2 The impact of adherens ju  nction formation on sequestration of

act i watenia from the nucleus

The addition of physiological calcium concentrations to the growth medium of
NHU cells stimulated the formation of adherens junctions. By 48 hours, E-
c ad h er i-patemmcduld&learly be seen at the membrane (Figure 5-28A-C
and J-L ) -cateénin was seen to enter the nuclear compartment 48 hours post
seeding and was cytoplasmically localised by 72 hours; the same pattern of
expression seen with  NHU cells cultured in low calcium (Figure 5-2).
Quantification verified the observed increase in nuclear-localised active
a-catenin at 48 hours post seeding. The nuclear-a ¢ t i -gateninasignal was
seen to increase from a pixel intensity of 87.8 £ 20.9SD (arbitrary units) at 24
hours post seeding to 150.6 + 34.6SD at 48 hours ( Figure 5-29) and was thus
similar to that observed in | ow -cataninci um
at points of cell:cell contact via inclusion into calcium-dependent adherens

junctions was not seen t ecatenintothénrudleut he t r

Western blot data from parallel cultures revealed a 2.5 fold increase in active
a-catenin (Figure 5-30) between the 24 hour and 48 hour time points and was
thus similar to that observed in low calcium conditions. This increase in active
a-catenin coincided with when P-ERK signalling was at its most active (Figure 5
30) and was accompanied by an 11-fold increase in P-GSK3 (serine 9) at the

same time point (Figure 5-30).
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Figure 5-28 Ex pr essi on and | ecatenih in dlldu cells overo f

a 72 hour time course in KSFMc supplemented with physiological

calcium

NHU cells (Y919) at P4 were cultured for 24 hours, 48 hours and 72 hours in KSFMc+2mM
CacCi. Slides were fixed and -taranmuanthbddp KBET), |tatad
a-catenin (C2206) or E-cadherin antibody (HECD1). All slides were stained with Hoechst 33258
to delineate the nucleus and labelling was visualised under epifluorescent illumination. Photo-
micrographs are of NHU cells labelled with anti-a ¢ t i-caningdA-C) , t-cateranl (G-lhand
E-cadherin (J-L) with matched Hoechst 33258 staining underneath. Scale bar: 100uM. N=1.
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Figure 5-29 Quant i fi cation of nucl ear -catenh cyt o
in NHU cells over time when cultured in KSFMc supplemented with

physiological calcium concentrations
Line graph represents nuclear and cyt o p | a s mi c-catanint assessed &om the pixel

intensities. Error bars represent standard deviations as quantified from each micrograph (fig 5-

28 A-C) using Adobe Photoshopf software.
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