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Abstract

Perturbation of androgen signallimyives progression of human prostate cancer (CaP) to
castrationresistant prostate cancer (CRPC). Additionally, CaP is initiated and maintained
by cancer stem cells (CSC)s which are analogous to normal prostate stem cells (SC)s. This
study presents a gPCégsay to detect androgen receptor gene amplification (GAAR),
which is the most common mechanism of castration resistance (>30%). Also, the
epigenetic regulation and function of two Snced genes with tumotsuppressive

activity (Latexin (LXN) and Rwetic Acid Receptor Responder 1 (RARRES1)) were

interrogated using micr&ChlP, transcriptional profiling and mass spectrometry.

Traditionally, GAAR is detected using FISH which is lafemsive and semi
quantitative, limiting clinical applicability. Theechanism of action of LXN or RARRES1 in
CaP is unknown, and epigenetic regulation by DNA methylation has beeroutléal

primary CaP.

The gPCR assay can detect GAAR in minor cell populations (~1%) within a heterogeneous
sample and also quantifies Xromosome aneuploidy (XCA)a predictor of poor
prognosis in CaP. GAAR and XCA were detected irpaBant xenografts derived from
CRPd@issue indicating that these abnormalities are present in cells capable of in vivo

tumour-reconstitution.

Micro-ChlPanalysis of fractionated primary CaP cultures identified bivalent chromatin at
LXN and RARRES1 promoters. Transcriptomic profiling failed to reveal significant changes
in gene expression after transduction with LXN or RARRES1. However, an interactome for
LXN and RARRES1 was successfully generated in PC3 cells. Additionally, confocal
microscopy of mVenutagged LXN revealed a pasllular distribution which is reflected

in the interactome.

Screening for GAAR and XCA, using a-thiglughput gPCR assay, cdulacilitate a
targetedmedicine strategy in the treatment of CaP and CRPC. Further investigation of
the LXN and RARRES1 interactomes may identify their mechanism(s) of action and the
micro-ChlP assay could be used to identify epigenaticicers of LXN @ RARRES1 which
could provide a CS@rgeted strategy for CaP treatment.
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1. Generallntroduction

1.1. The Prostate

The prestate is a malespecific organ located at the base of the bladder. This walnut sized

and shaped glandular organ plays an important role in reproduckignproducing

prostatic fluid; a major constituent of semegfiuggins et al., 1942Prostate fluid is

alkalineand containsbio-available zinc as well as various proteins. Increastprotects

sperm from the acidicrevironment encountered in the vagina, while protein constituents

of prostate fluid, which include: prostate specific antigen (PSA) @nodtatic acid

phosphatae (PAR)are essential for sperm function along with zi@arpino et al., 1994)

Additionally, the prostate atshas a contractile functon OG Ay 3 | a I Wil LJQ T2

Fig 1. ZonalAnatomy of the Normal Prostate.

The zonal anatomy of the prostatghowing the relative locations of the Transition:
zong Central zongAnterior fiboromuscular stromand Peripheral zone.

From:(Hammerich2009)
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1.1.1.Topographical Anatomy of the Human Prostate

In contrast to the murine prostate, which is composed of distinct anatomic lobes, the
human gland can be divided intour anatomical zongsvhichwere identified byMcNeal

in a comprehensive study of 500 prostates. McNeal used the relationship of each region
to the urethra to provide a central reference poi@icNeal, 1981) An anatomical

diagram of the prostate is shown (Rig.1.) (Hammerich, 2009)
These four zones are listed below:

Anterior fiboromuscular stroma
Central zone

Peripheral zone

= =4 4 -

Transition zone

A simplified two zone scheme is more often used, which comprises:

T Inner section (transition zone)

9 Outer secion (peripheral and central zones)

Anterior fiboromuscular stroma comprises one third of the prostate. This zone contains
very few or no acini and is composed primarily of smooth muscle and dense fibrous tissue.

A major function of this zone is in volunyaand involuntary sphincter functions.

Approximately 20% of the glandular tissue is contained withincbree-shapedcentral
zone. At the apex of the central zone is tlrerumontanumwhilst at its base is the bladder

neck. It has been calculated that ®@&denocarcinomas occur withihé central zone.

The peripheral zone is the largest, containing approximately 75% of the glandular tissue.
It is distal to the central zone and has a horseshkbaped structure. Chronic prostatitis

and postinflammatory atophy primarily afflict this zone, which is also the primary site
for malignant transformations; ~70% of adenocarcinomas originate at thigMitleal

et al., 1988)

The transitional zoneis composed of two equal sections whistirround the urethra.

Whilst only representin§% of the prostatic volumi has significant clinical importance
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as the location in whichge-related benign prostatic hyperplasia (BPH) ocoiMeNeal,
1978)

1.1.2. Histological Anatomy of the Human Prostate

Glandular prostate tissue cosss of epithelial and stromal cells, physically separated by
a basement membrane (BM). Laminins and collagen are the primary constituents of the
BM (Yurchenco and O'Rear, 1994, Navdaev and Eble, 2@Hidh is alsccomposed of
glycoproteins andoroteoglycanswhich play an important role in fundamental cellular
processes includingroliferation and differentiationGongalves et al., 2019 the case

of proteoglycanshese functions are attributed to thglycosaminoglycasidechainssuch
aschondroitin sulphate which has shown to be enrichedareas of activgroliferation
(Gongalves et al., 2015)The sroma is located beneath the BMnd helps servethe
metabolic needs of the epithelium (in which bloedssels are normally absénin a

paracrine manne(Hayward et al., 1997, Giri et al., 1999)

Phenaypically the stromal compartment is composed of both smooth muscle cells and
fibroblasts, which can be distinguished from each other immunohistochemically: The
short and broadsmooth muscle cells express high levels of algmaoth muscle actin

and havevery low expression of prolytdydroxylasg Goodpaster et al., 2008, Kooistra

et al., 1995) In contrast, the fibroblasts show the reciprocal expression pattern for these

two markers(Kooistra et al., 1995)

Functionally the stromalays a role irthe survival proliferation and differentiationof
epithelial cells by secreting growth factowghich include fibrokast growth factor (FGF)

and epidermal growth factor (EGBerry et al., 2008, Giri et al., 1999)f important note

is that a proportion of the stromal cells express the androgen receptor (AR) and thus serve
as a androgen signalling link to basal cells within the epithelium, in which AR expression

is low or absen(Berry et al., 2008)

The epithelial compartment is arranged in glands composed of ducts, which branch out
from the urethra and terminate into acini. Several distinct types of epitheliad eslist
within in the prostate (a) secretory luminal cells(b) basal cellsand (c) rare
neuroendocrine cellfiu and True, 2002Architecturally, the epithelium is arranged in a

bilayer, consisting of a basal layer which is in direct contact with the BM and an upper
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luminal layer which is physically separated from the BM by the basal (&gdlins and
Maitland, 2006)Hg. 2.).

secretory cells

secretory duct

basal cell
ductal lumen

prostatic fluid

Fig.2. Organisation of theProstate Gand.

Crosssection of the ductal region of the prostate, with labels indicating cell types
presert in prostatic ducts, including luminal secretory cells and basal cells.

From:(Collinsand Maitland,2006)
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The luminal cell fractiois terminally differentiatedperforming the highly specialised role

of manufacturing ad secreting proteinssuch as PSA arfAP(Collins and Maitland,

2006, Lang et al., 200®)to the glandular lumina. They can be distinguished from the
basal cells by their columnar morphology and expression of PSA, PAP, cytokeratin 8 (CK8),
CK18 and high expressié&fR (Yu et al., 2012, Wang et al., 201Zhese cells are also

dependent on androgens for their survival.

In contrast, basal cells have a very low secretmtyvity (Collins and Maitland, 2006, Lang

et al., 2009)and are relatively undifferentiated. Morphologically, they are small and
flattened or cuboidal. In contrast to luminal cells, they are independent of androgens for

their survivalandtheyet5a a4 / 5nnX huwim AYGSIANARY 66KAOK
the BM via collagen typ#/ (Liu et al., 2009, Collins et al., 20068)mour protein p63

(p63), CK5 andCK14(Wang et al., 2012, Collins et al., 200B)summary of prostate

epithelial markers is shown {flable 1.).

The basal cells also represent the proliferative compartment within the prostate
epithelium as shown by the expression of markers of prolifera such astyrosine
protein kinase Met(c-met), antigen Ki67 (Ki67) and proliferating cell nuclear antigen
(PCNA (Bonkhoff et al., 1994)For example, it has been shown that 70% of the Ki67

positive cells are located within the basal lay@onkhoff et al., 1994)

A third group of prostatic epithelial cells are the terminally differentiated, pogbtic
neuroendocrine cells. These cells represent a small proportion of cells within thajgrost
epithelium and stromdLang et al., 2009Y hey secrete neuropeptides such as bombesin,
neurotensin, serotonin chromogranin A, neuronspecific enolase and calcitonin

(Rumpold et al., 2002and are devoid of both luminal and basal markers.

Cell Type Markers
Luminal Cell AR, CK8, CK18, Nkx3.1, PSA, PAP
Basal Cell CK5, CK14, CD44, p63, a2f31 integrin, BCL-2

Neuroendocrine bombesin, neurotensin, chromogranin A,
Cell neuron-specific enolase

Table. 1. CommoAntigenic MarkersUsed toDistinguishProstate
Epithelial Cells.
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1.1.3. Development and Maturation of the Prostate

By understanding the development and matuoeat of the prostate during embryogenesis
and puberty respectively, one can elucidate important pathwagsgch may be pertinent

to diseases of the prostate, including cancer. Due to ethical constraints the vast majority
of evidence on prostate developmeotmes from laboratory rodents. One major caveat

in the translation of these findings is that the murine and human prostates have
significant morphological differenceBor example, murine acini hava discontinuous
epithelialbi-layer in which groportion of luminal cells are in direct contact with the BM
(Marker et al., 2003)

Themurine embryonicdevelopmentof the prostate is depndent on androgensiamely

5h -dihydrotestosteronewhich is synthesized from foetal testosterone by the action of
5h -reductase(Hammerich, 2009)Androgens exert their effect directly upon the AR
expressingurogenital sinusmesenchyme (USMProstatedevelopment occurs latén
embryogenesis whebythe prostate glad develops from epithelial invaginations within
the posterior USMBhavsarand Verma, 2014Yesulting in a multilayered epithelium
encapsulated by stroma. As development continues blasalepithelium invades the
surrounding stroma producing immature secretory structurdgart from the well-
defined androgen axis there areweral other signalling pathways that plag essential
role in organogenesis of the prostaténcludng the winglessrelated integration site
protein (Wnt), retinoid, fibroblast growth facto(FGF, and Hedgehog pathway¥u et al.,
2012, Maitland, 2013(Fig 3). This figure also depicts both mesenchymal and epithelial
stemcells(SC)®f the prostate which persist in the adult organ. Importantly the diagram
depictsthe prostate epithelial stem cell as beitarated basally in close contact with the
stromal compartmenti 2 T I OA t0AFGEF{ 08 oYSAINRSESsy . 1 KS (62 OSf f

While AR mediated transcriptional activity is a requirement for prostate formation

(patients with complete androgen insensitivity syndromé ! L{ 0 R2y Qi RS@Sft 2|
(Quigley et al., 1995)it is only essential within the US{unha andonjacour, 1987,

Cunha et al., 1987)This was showhy grafting of ARleficient murineurogenital sinus

epithelium (UGE) in combination with wilghe murine USM, which resulted in androgen

dependent ductal morphogenesiBig. 4.). The complementary expiment i.e. ARUSM

and wildtype UGE resulted in vagid#te differentiation(Cunha et al., 1987, Cunha and
Donjacour, 1987)
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Other key transcription factors involved in cell fate decisions during prostate
embryogenesis include; p63 (deletion of which causes a complete absence of epithelial
cells(Senoo et al., 2007)jorkhead box protein A{Foxal, andhomeobox protein Nkx

3.1 (Nkx31) (BhatiaGaur et al., 1999, Gao et al., 20@bp. 4.). Knockout ofFoxalin
murine modelsresults n a population of cells that individually express markers
representative of both luminal and basal cell typesnely ceexpression oCk8 (luminal
marker) Ck5 and Ckl4basal markers)(Gao et al., 2005Nkx3.Zdeletion results in
prostate epithelial cell hyperplasia and incompleteeti#intiation and curtailed secretory

activity (Gao et al., 2005)

Expansion of the prostate is induced Wyettestosterone surge that oacs during
puberty, and consequent increase iBh-dihydrotestosterone (DHT) A sigriicant
morphological featureof maturation is the differentiion of the multi-layered
epithelium, to produce the mature epithelial-tdyer(Wang et al., 2012, Yu et al., 2012,
Gollins and Maitland, 2006, Liu et al., 2009, Lang et al., 2009, Collins et al., 2085)
prostate continuously enlargeseaching the adult weight of approximately (mean gL

by 2530 years of agéBerry et al., 1984)

Androgens

1. SHH induced in primitive (AR-)
epithelium after induction by AR in
UGM Initiates budding

2. HoxA13/D13 from stoma promotes
epithelial SHH which induces NKX3.1-
induced growth

1. Branching Morphogenesis induced by stromal FGF7/10 (epithelial receptor FGFR2) also acting via
SHH with feedback control via SHH on FGF10, and TGFbeta from stoma

Stromal BMP4/7 and Notch define branching

Epithelial AR expression not required to define basal/luminal cells, but is required for production
of prostate-secreted products, which define glandular phenotype

4. Maturation and definition of basal/luminal epithelium require epithelial expression of FoxAl/p63
5. _Stem cell populations {green) persist in both ggm'elal and mesenchymal populations.

w N

Fig. 3.Development ofthe Normal Prostate.

Sem cells in the epithelial and stromal compartments are showgréen,basal cells
in blue,and luminal cells ipink, with cells positive foARexpres#on depicted byed
nuclei Hormoneresponsive stromal cells are also showipiimk.

From:(Maitland, 2013)
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Fig. 4.Elucidating theRolesof Key TranscriptionFactors (Foxal, Nkx3.1 and AR) ir
Prostate Embryogenesishy Utilising Murine Knockout Models.

Normal development of the adult murine prostate resutdifferentiation of the
embryonic urogenital sinus (UGS) into fully differentiabedal and luminal
compartments the latter exhibiting secretory activity of proteins such as PSA an
PAP.

The early growth and differentiation of the UGS is driven by androgen signalling
elevated Foxal and Nkx3.1 transcription factors.

In the epitheliumknockout of Foxal results in a block of luminal cell differentiatic
with the luminal cell compartment exhibiting an cytokeratin expression profile
consistent with a luminabasal intermediate phenotype namely co expression of
Ck5, Ck8 and CklAnother norphological abnormality of the Foxianull mice is an
unusually thick layer of smooth muscle cells which is a perturbation of normal
differentiation of the mesenchyme. On a molecular level Foxal knockout results
elevation of Bmp, Shh and Notch signalimgl a reduction of Nkx3.1 signalling.
Functionally the resulting prostate has an impaired secretory activity.

The early prostate development in Nkx3.1 knockout mice is characterised by the
accumulation of epithelial cells that show limited differentiatiamnd secretory
activity. As development continues, the Nkx8ull prostate exhibits prostatic
intraepithelial neoplasia (PIN)

Knockout of AR only in the prostate epithelium (stromal compartment retains AF
expression) results in normal structural developrhand epithelial
compartmentalisation. However, the luminal cell compartment fails to fully
differentiate and secretory proteins are not expressed.

From:(Gaoet al., 2005)
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1.2. NonMalignant Disorderf the Prostate

Thele are several disorders whichffect the prostate including prostatitis, benign
prostatic hyperplasia (BPH), prostate intraepithelial neoplasia (PIN) and prostate cancer

(CaP).

1.2.1. Prostatitis

Prostatitis is the most frequent disorder of the prostatéh an incidence rate of-20%

of males(Krieger et al., 2008}t is caused by inflammation and typically occurs in the
central zone Prostatitisis stronglyimplicated as a major contributory factor to the
development of BPKNickel, 2008)

This inflammatory response can be elicited by many factors including:

pathogenic infection
stress

autoimmunity

= =4 4 -2

physical injury

1.2.2. Benign Prostatic Hyperplasia

Benign Prostatic Hyperplagi@PH is a hormalignant proliferative disease which affects
the stromal and epithelial compartments of the transition zohés well established that
BPH is an agelated diseas€Berry et al., 1984 BPHleads to an enlargement of the
prostate and subsequently obstruction of tiieethra leading to increased resistance
urine flow and frequency of urinatiofMuruganandham et al., 200/ alliative treatment
of BPH typically involvesainsurethral resection of ie prostate (TURRY reduce the

pressure on the bladder and obstruction of the uretiiBozdar etl., 2010)

1.2.3. Prostate Intraepithelial Neoplasia

Prostate Intraepithelial NeoplasigIN is a preinvasive abnormaproliferation within
pre-existing ducts and acini, most commonly affecting the peripheral £Bostwick et

al., 2004) Cytological and histological abnormalitiesclsuasnuclear and nucleolar
enlargementas well as loss of stratification of the epithelial bilayer are also apparent
These abnormalities are also associated v@#Pand therefore it is unsurprising that

high-grade PINHGPINis considered to be a predictive precursor of maéint diseaseA
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molecubr exampleof this is ERGrearrangement present imt least someHGPIN

specimengMorais et al., 2016)

1.3. Prostate Cancer

1.3.1.Epidemiology of Postate Cancer

The lifetime risk of developing pstate cancer is 1 in 8 for men in the UKK2013, there

were 47300new cases of prostate cancer in the (@ancer Research UK, 20(@y. 5.).

The latest analysis of prostate cancer incidence shows that there is no statistically
significant geographical variation in prostate cancer incidence within théQaikcer
Research UKRO016) In contrast, there is a significant correlation between prostate cancer
incidence and age. For example %b4fnew casesof prostate cancewere diagnosed in

men aged 70 years and over, whitsily 1% were diagnosed in the une&ds(Cancer
Research UK, 2016jowever, in men aged 75 and over (in the UK) incidence has
decreased from 46% to 36% in the last 30 yé@amter Research UK, 2018his can be
explained by the more efficient detection of early stage diseaseelatively younger

patientshy PSA testing

Prostate cancer incidence raéave increased overall in the Bikce the latel970sand

this finding ismirrored aroundthe globe (Cancer Research UK, 2Q1Bluch of the
increase in incidence both in the UK and in many other countries worldwide can be
attributed to incidental detection of prstate cancers followingransurethral resection of

the prostate(TURPand PSAcreening. In addition to more efficient detection offCit

is also likely thaincreagd CaP incidence is rising alongside the average age of the

population

The genetic baagkound of the individual is also a major contributing factor to the
development of CaP. This is evident when looking at thestaygdardised rates of CaP
for different racial profilesThese data show that white males have an incident rate of
96.0 to 99.%er 100,00Qvhich is significantly greater than the rates Asian males8.7

to 60.6 per 100,000and significantly lower than the most at risk populatdniack males
(120.8 to 247.9 per 100,00Q0Cancer Research UK, 2016)

In general CaP has a low mortality rate when compared to other cancers, such as

pancreatic cancefCarter and Nguyen, 20123 demonstrative statistic of this ist 2012
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more than 181,000 memith prostate cancemere still alive ten years aftatiagnosis
(Cancer Research UK, 2016)
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Fig 5. ProstateCancerQatistics.

A. The mean number of neWaPcases diagnose@rouped by ageand
agespecific incidence ratgser 100,000 peoplef CaP diagnoseid the UK
between 20112013. Modified from (Cancer Research UK

B. Europearagestandardised incidence rates per 100,q@)6tted against
year of diagosis for several age groups.

From:(Cancer Research UXK016)
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1.3.2.LowGrade-Organ Confined CaP

CaP is characterised by aberrant differentiation resulting in the accumulation of
abnormally differentiated and replicating AR expressing luminal, glis>99% of all
epithelial cellsNagle et al., 1987Alongside this dramatic increase in lualicells there

is a concomitant decrease in the percentage of basal @&tisanzio and Signoretti, 2008)

and a progressive loss of glandular structure as the disease progresses. These
observations were originalipade by Gleason, who classified them in the grading system
for GaP that bears his name (Fi§)) (Gleason, 1966, Humphrey, 200#nother gross

histological change associated with invasive Cétfeigestruction of the BM.

u.r.*elej_sh @%%:\;‘%# 5

Hg. 6. Schematic of the GleasoB@rading Criterion.

Histology pattern®f CaRPcorrespondingo Gleason gradeAll blackdepictscancer
most cytological details omitted except in the right side of pattern 4, where tiny
structures are intended tdescribea hypernephroid pattern.

From: (Humphrey 2004)
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1.3.3. CancerCell Invasion and Metastasis

Escape of CaP from the prostate capsule is associated with a significant increase in
mortality, i.e.the five-year survival rate for orgaconfined CaP is 100%, whagefor
metastatic disease, it is 30.§%chroder, 2012Prostatectomy and radiotherapy are only
effective in treating locally invasive lesions and as such they do not represent curative
therapy once the tumour hagisseminatedLang et al., 2009, Schroder, 2012keletal
metastasis is the most significant cause of morbidity and mortality in CaP and is present
in 90% of patients who die as a result of CA&ordingtotheba SSR ' yR a2 AiAf K@
(proposed by Stephen Paget in 1889 as a means to explain theandom distribution

of breast cancer metastagidisseminatingumour cells (seeds) will preferentially grow

at sites with a comatible microenvironment (soil{Langley and Fidler, 2011}his
frequency indicates that the micemvironment of the bone is well suited to promote
survival and expansion of CaP cells. Alternatively (or concomitantly) CaP may have the
propensity to develop a homing ability specific to this site. Other common sites for

metagdatic spread of CaP are the lymphatic system, liverland(Schroder, 2012)

Distant metastases are established through a complex cascade of events termed the
invasionmetastasis cascadé&he first step idocatinvasion through the BM and stroma
typicallythrough epithelialto-mesenchymal transition (EMTgancecells may invade via
mesenchymal or amoeboid invasion programs depending on the microenvironmental
conditions(Valastyan and Weinberg, 201The best characterisathangeduring EMT is

loss of EcadherinexpressionAfter escape from the locanvironment the disseminating
cells ener lymphatic system or blood vessddg intravasation Arculating tumour cells
(CTQ can be isolated from liquid biopsies taken frgratients with a range metastatic
cancers including butot limited to breast, colon, and prostate cancégiuliano et al.,
2014, Danila et al., 2011, biath et al., 2007)After transport themetastaticcells must
then arrest at a compatibleite. Individual primary tumoungreferentiallymetastasseto
specific secondary organs. In the case of CaP, the primary site of metasthsibone
(90%)(Bubendorf et al., 2000)n order to enter the secondary tissue the metastatic
carcinoma cells musescag the circuldory system One mechanism by which
extravasation can be achieved in a rgpecific manner is by inducing capillary vessel
failure by pressurexertedby colonyexpansionwithin the vesselallowing the cancer
cells to be indirect contact withthe newtissue (AFMehdi et al., 2000, Stoletov et al.,

2010) Finally themetastaticcells must be able to survive and proliferate at the secondary
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site in order to produce a secondary tumoufhe mcroenvironment of the metastatic

site usually differs vastly from the primary site, but may have enough similarity or
compensate with alternative growth/survival factors to allow outgrowth. Alternatively
the new site may be copted to produce the necessafactors to allow survival and
proliferation (Psaila ad Lyden, 2009)After overcoming the challenges of a new
microenvironment, a small fraction of disseminated cancer cells may form a clinically
significant metastasidNot every cell in a tumour possesses the ability to metastasise to
distant organsandthe evidence suggesthat metastases directly arise frooancer stem

cells CS@ (Hermann et al., 2007)

1.34. Diagnostics in Prostate Cancer

As with all cancers, prognosis is drastically improvedefdisease is discovered at an
early stage. As such serum biomarker measurements have been developed to augment
detection via traditional digital rectal examination and symptomatic presentation.
Serological biomarkers used in the screening of CaP inchudeare not limited tq
prostate @ncer gene JPCA3and PSASchroder, 2012However, the most prognostic
diagnostic procedure is histological analysis of biapsigsue according to the Gleason

score(Gleason, 1966)

1.3.41. PSATesting

Currenty, diagnosis of CaP relies time quantification ofserumP3\ levels(Placer and
Morote, 2011) IncreasedPSAn the serum idinkedto CaP progressioRSAesting(using
>4 ng/ml as a&ut-off) has a false positive rate 8f4 5%and a false negative rate 88.8%
(Brawer, 1999)The false positive rate can bat by approximately one third by increasing
the cutoff to 10 ng/mlhowever this also comes with concomitashbublingin the false
negative rate(Brawer, 1999)PSA occurs in blooas stable complexes with protease
inhibitors (complexed PS&PSA or as free PSARSA. Calculating the percentage of
fPSAncreaseshe diagnostic accuracpmpared taotal PSA lesls, especially whenPSA
Aad Ay G KS-108g@MNRKCatalonh & bI.Q1998Rerhaps the biggest problemf
using PSA as a diagnostic marker CaR is that PSAs detectablein other tissues
including ovary, breastand lung (Smith et al., 1995)Moreover, high PSA levelare
associated withother conditions includinginflammation o infectionand PIN. Perhaps
most importantly, it has been shown that many CaP patients have se&fvlevelwithin

0KS Wy 2NXYIt NI ygin§(ThompsoRedal., 2084 Gonsidfénty, the use
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of PSA levels as a diagnostic test should be combined with further, tesgive an

accurate diagnosis.
1.3.42. Gleason Grading

Once elevated serum P$&Adetected, multiple biopsies are taken and théstologicalg
morphology of thetissue is graded accordirig the Gleason system (Fig.) (Gleason,
1992) Two areas of the tissue with the most prevalelsease argradedwith a value of
1-5. Thegrade of the two areas is then combined to g@kason scorbetween?2 and
10. Towards the end of the last decadbe Gleason grading system waevisited with
the major aim of reducing subjectivifEpstein, 2010Key updates included designating

all cribiform cances and poorly formed glandss Gleason grade(Epstein, 2010)

1.3.5 Current Treatments for Prostate Cancer

1.3.51. Active Surveillance

Somecases of lowgrade CaP will not progress to a clinicallyevaht disease stateso
active surveillancerepresents the most appropriate strategy The aim of active
surveillance is teomit treatment (which will negatively impact on quality of )itentil the
canceris showing signs gfrogression. Upon whicturativetreatment strategies will be
employed.Active surveillancénvolves monitoring PSA serum levels every 3 months and

repeatbiopsiesfor histological analysisvery 612 months

1.3.52. Radical Prostatectomy

Radical prostatectomy is the surgical removal of the prostatel can be laparoscopic or
via traditional open w@rgery (Walsh, 2005, BilAxelson et al., 2005)This form of
intervention is the most common and most successful in treating organ confined@aP
is obsolete when the cancéias disseminate@BilFAxelson et al., 20055ideeffects of

this therapy includémpotence(Catalona et al., 1999, BAlxelson et al., 2005)

1.3.53. Radiotherapy

Radiotherapy represents an alternative to prostatecto(@®uchesne, 2011)}t involves
the use of ionising radiation to destroy the malignant tissue based on the fact that cancer
cells often have defects in DNA repair mechanismigh make them more susceptible to

DNA damageThere are two main forms of radiotherapgimely, external beam radiation
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therapy and brachytherapyDuchesne, 2011)External beam radiotherapy, utilises an
external source of radiation focused at the tumour mass. Brachytherapy involves the
surgical implantation of small radioactive pellets as close as possible to the tunassr

As such brachytherapy is more invasive than the external beam method but has the
advantage ofewer side-effects as normal surrounding tissue is exposed to much lower

doses of radiation

1.3.54. AndrogenDeprivation Therapy

The treatment of choice for locally metastatic CaP and disseminated cancer is androgen
deprivation therapy (ADWhichutilises the androgen dependent survival of luminal cells
to cause dramatic reduction in tumour burden. Thie of treatment was pioneered by

| dZA3 Ay a A yusingétiectompnta deadnatically reduce androgenoduction
(Maitland et al., 2006, Huggins et al., 194Q)chiectomy has since been lakgeeplaced

as a therapy by chemical blockade of-lfand binding. Today there are several
therapeutic agents that act to disrupt the androgen axis at various points, this ranges
from disruption of androgen biosynthesis via inhibition of #y@ochrome B50 17A1
(CYPlyenzyme Abiraterone) to suppression of testosterone productiaghrough the
gonadotropinreleasing hormone (GnRH) agorg&toladeXde Bono et al., 2011 gling,
1989)

After the initial success of ADT there is an almost inevitabnergence of the disease,
which returns with increased aggressiveness. As such ADT has been described as palliative

rather than curativg Azzouni and Mohler, 2012, Lorente et al., 2015)

1.3.6. CastrationResistant Prostate Cancer

CaP which has relapsed following ADT is termed castrate resistant CaP (CRPC). CRPC is
incurable by current treatment strategies and is associatéth dramatically increased

mortality due to its highly aggressive nature. CRPCahaaverage survivahte of 2-3

years Brenwith the initiation of chemotherapy regimensuchasdocetaxel (alone or as

part of a combination therapy) median survival islyo extended by a few months
(Dubrovska et al., 2012)

The prevailing model proposes that CRPC arises througibarsinian evolution of CaP

in response to AD{Stanevskyet al., 2013, Gingrich et al., 1996, Saraon et al., 20h1)
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this model, rare cells with an inherent survival advantage to low androgen levels are

selected by ADT.

Counter intuitively, CRPC remains dependent on AR function for maintenance and
expansior(Shen and AbatS&hen, 2010)This can be explained by examining the common
mechanisms by which castrate resistance has been shown to ev@eaomic
amplificationof the ARgene (GAAR)located on theX diromosome at Xql12)is the

most frequent genetic alteration in CaP which results in increased AR expression
(Waltering et al., 2012)it has been shown that amplification of tl&Rgene leads to
increased AR expression at both theRNAand protein level{Waltering et al., 2012)
InceasingARexpression sensitises CaP cells to very low levels of circulating androgens
that persist during AD{Waltering et al., 2012GAAR has been detected in up to 80% of
CRPCs, ofwhich3®4d @S | KA IK f S dSiespercalfVvisakdrpddt al.A 2 y
1995, Waltering et al., 2012n contrast ARamplification represents a very raexent in

hormonenaiveCaP.

Gain of function mutations can result in a mutatd® with increased affinity for
androgens compared to wild type or relaxed ligand speciffbliadiminty and Gao, 2012)

In addition, constitutively active splice variemof ARalso contribute to the development

of aCRP®henotype(Marcias et al., 2010, Hu et al., 2011, Hbrnberg et al., 2011, Hu et
al., 2012) Alternatively mutation can result in a constitutively active AR which is
independentof ligand binding for its functiofDubrovska et al., 2012, Céraline et al.,

2004, Lapouge et al., 2007)

1.4.Cance Stem Cells
The initiation and development of prostate canamn be described by two modelthe

stochastic modéd FiykRS WK A SNI NOKeé Y2RSft

The stochastic model views the tumourakomogeneouscellular masswith every cell

possessing the ability to initiate tumour formatigdlyer and Saksena, 1970)

Currently the most widely acpted model of cancer initiation and progression lie t
hierarchymodelwhich isalso referred to as th€SGnodel Thehierarchy modeviews

the cancer as a heterogenus population displaying a hierarchical organisat@ancer

31 Chapter lintroduction

0 X



is proposed to be the outcome of aberrant organogenéSisandler and Lagasse, 2010)
Within this hierarchy only a subset ddlts are capable dbunding and maintain a cancer,

these cells are termed canc€&SC¢Chandler and Lagasse, 2010)

The first discovery of CSCs wasadate myeloid leukaemia in themid-1990s(Lapidot et

al., 1994) These leukemic stem cells represented only a small fraction of leukaemia cells
(0.2%) and shared key cell surface expression characteristics with normal hematopoietic
stem cells (CD34+ CD38Bonnet and Dick, 19970nly those cells wereable to
recapitulate the original tumour when serially transplantedhon-obese diabetic severe
combined immunodeficiencNODSCID mice (Bonnet and Dick, 1997There is now a
plethora of evidence for CSCs in many diverse solid ca(&lrsajj et al., 2003, Singh et

al., 2004, RiceYitiani et al, 2007, Eramo et al., 2008, He et al., 2008luding CakCollins

et al., 2005) This explosion in CSC identification was facilitated byidaastification of
normaltissuestem cells and the marketsed to istate them. A matter of debate within

the CSC field is the origin of the C8klich is proposed to bne normal stem cell or short

lived progenitor cells that have acquired the ability to setiew (Fg. 7) (AFHajj et al.,
2004)(Chandler and Lagasse, 2010)

Heterogeneous Tumour

Stochastic Model Hierarchy Model
Tumour sc C@ mmmmmmmm———) Tumour
Tumour — No Tumour
Tumour ) No Tumour
Tumour ) No Tumour
All cells within the tumour are Only the cancer stem cell (CSC) fraction of
capable of tumour-formation the tumour is capable of tumour formation

Fig.7. Comparison of the Stochastic and Hierarclipdels of Cancer.

Comparison of the two major models of cellular heterogeneity in canasrely the
stochastic model and the hierarchy model. In the kestic model every cell has the
potential fortoumorigenisis In the hierarchy model only the CSC compartmignt
tumuorigenic

< = selfrenewal
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There are two core properties of CS@hich are shared with normal S@spperty 1Qhe
ability to selfrenew i.e.a proportion of the CS@rogeny are themselves CSCs and
Wroperty Xlsthe ability to give rise to the various cells found in the origmalignancy
(Vermeulen etal., 2008) Experimentally both properties are interrogatedy serial
xenotransplantation ito immunecompromised mice. This experiment allows
histological analysis of the resulting tumour allowgmmparisonto the original tumour.
Additionally if theresulting tumour can beerially transplantedthis demonstraesthe

selfrenewal capacity of the CSC populat{dermeulen et a).2008)

1.4.1.Therapeutic Implications of CSCs

Conventional cancer therapy regimens specifically target rapidly dividingutedk isa
hallmark of the majority of cells within a tumour. Such therapies can be very efficient at
inducing clinical emission associated with a reduction in tumeuass and disease
biomarkers(Smith and Pienta, 1999, Tabarestani and Ghafeard, 2012) A major
caveat of this form of intervention is that CSCs are inherentlistag® to traditional
chemotherapy and radiotherap{Kim et al., 2009)They are thereforepreferentially
spared by these treatments, leading to a net enrichm@tipta et al., 2009Rich, 2007,
Costello et al., 2000)After initial treatment succesgelapse often occurs with the
returning disease having a more invasive and resistant phendtypevford et al., 1989,
Scher et al., 2008)ke development of resistance in the returning bulk tumé@idue to

the CSC population (accelerated by their genetic and epigenetic plasticity) resulting in the
ability to produce resistant proger{(inogradova et al 2015, Tabarestani and Ghafcuri
Fard, 2012, Yang et al., 2014)

Mechanisms ofCSQesistanceinclude: low mitotic activity, resistance to DNA damage,
efflux of cytotoxic compounds arah elevated apoptotic threshol®ne of the reasons
why normal SCsdivide infrequently and cellular amplification is undertaken by
intermediate cells on the path to differentiation is to minimise the potential for
replication errors and hence mutation within ti8Qpopulation. This lack of proliferation
confers resistance to drugs that induce aidath by causing mitotic arres.g.taxanes
(Murray et al., 2012)

For normal homeostatic turnover and function of sstie to be maintained throughout

the lifetime of an organisithe SCcompartment must be maintained. When naitem
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cells incur DNA damage that is beyond a threshold of repair thegrgndsenescence or
apoptosis,prevening the propagation of mutdons. The same is true f@Cdowever,

the threshold is much greater due to increased expression of DNA repair pathwags. CSC
also have augmented DNA repair systems which grants them increasetanceto
genotoxic stress induced/adiotherapy(Bao et al., 2006, Rich, 2007, Ishii et al., 2008)

Chemical agents must achieve a certain concentration to exert their effect on a particular
system. A further mechanism by whichrn@l SCdimit the potential for DNA damage is

to actively pump cytotoxic compounds out of the q&lean, 2009)This is achieved by

high expression oATRbinding cassette (AB@jansporters(Dean, 2009, Elliott et al.,
2010) These pumps offer multrug resistanceas a single ansporter (within this gene
family) has the ability to efflux several diverse molecules. It has been shown that CSCs

also share thigeature (Dean, 2009, Gatti et al., 2009)

As well as indirect mechanisms to reduce apoptotic events, CSCs also have perturbed
apoptosis pathways, such as increased expression ofagofptotic proteins such aB-

cell lymphoma 2l{ck2) and survivilHambardzumyan et al., 2008, Altieri, 2013, An et al.,
2007)

1.4.2.Prostate Stem cells and Cancer Stem Cells

Early and compelling evidence oS&population within the normal adult prostate came
from observatims of androgen cycling experiments (castration followed by androgen
restoration in male rats]Kyprianou and Isaacs, 1988, English et al., 1989, Evans and
Chandler, 1987)Upon castration it was observed that theoptate undergoes rapid
involution and, with the restoration of androgens, the gland regenerabegh
morphologically and functionall{English et al., 1989)The key findings of these
experiments wereHrstly, the cycle of involution and regeneration can be performed
many times and restoration of physiological levels of androgens aften long term
castration (>3 years) resulteith full prostate regeneratior(lsaacs et al., 1987)his
implies the existence of a long lived prost&6within the prostatic epitheliunflsaacs et

al., 1987) Secondly, 90% of prostate epithelale cells lost through apoptosis upon
castration This, alongside the loss of secretory activity of the prostateicatesthat the
secretory luminal compartment is preferentially destroyed by castra(@onkoff and

Remberger, 1996, Wang et al., 2019hus the prostate SG are independent of
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androgens for survivgbut are capable of producing differentiated luminal progeny upon

restoration of androgenBonkhoff and Remberger, 1996, Wang et al., 2015)

The phenotype of the murine SC, i.e. basaluoninal is a topic of much debate and
experimental endeavoub-bromo-2'-deoxyuriding(BRDU) incorporation assays showed
that quiecent label retaining cells were present in both basal and luminal populations
(Tsujimura et al., 2002 ractionation experiments utilising tisteem cells antigerl (Sca

1) cell surface antigen teto the identification of rarglineage markergLin)-, Scal+,
cluster of differentiation(CD133+, CD44, CD11#) cells which have the capacity to
recapitulate a complete prostate acinumsvivo(Leong et al., 2008)n support of a luminal
phenotype, astrationresistant Nkx3.&xpressing cell&CARN cells), which express CK18
ARand are p63 negative, are capable of regenerating thathinal and basal cellsfter
androgen cyclindWang et al., 2009)CARN cells were also capable of reconstituting
vestigial prostate structureig vivg upon engraftment of a single céiWang et al., 2009)
Both basal and luminal progd#or fractions are capable ofumourigenesiswhen
manipulated in a physiologically relevant way i.e. afieosphatase and tensin homolog
(PTENdeletion(Lawson et al., 2010, Choi et al., 2012, Korsten et al9)2Z00e likelihood

is that severaimurine prostateprogenitor compartments coullde thecell type of origin

of CaPbut which one is dominant in nature is hard to establishmice unlike dogs and
humans do not spontaneously develop CaP without geéa@hanipulation Furthermore

due to the morphological and histological differences between the rodent and human
prostate, both pre and post castration Hg. 8.), it is debatable whether translation of

paradigms from mouse to man is validaitland, 2013)

In contrast to rodent models, there is a large baafyevidence that the normaiuman
prostate epithelial SC s@es in the basal compartmerforexample,it wasfound that
only p63 positive cells were present after the xenograftridoenign human prostate
glands into immunocompromised miesd subjecting the host to prolonged periods of
castration(Huss et al., 2004)Additionally tumour-associated calcium signal transducer
2 (Trop2+, CD44, CD49%high, basal cells had spheferming abilityin vitro and could

regenerate prostate structureig vivo(Goldstein et al., 2010, Garraway et al., 2010)

Perhaps the most compelling evidence of a commoips&ll humanprostate epithelial

cells came rbm in situ lineage tracking, which utilises the unique accumulation of
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mitochondrial mutations ifSG which leads to traceable respiratory chain defects e.g.
cytochrome c oxidase activi(glackwood etal.,201®) ¢ KA & y I G dzNF f Wol NO2
in their progeny(Blackwood et al., 2011y hese experiments performed in human tissue

showed an entire acinus including basammlinal, and even neuroendocrine celleng

formed fromthe progeny of a single céBlackwood et al., 2011)

Collins et al.(2001)utilised the combined knowledge of prosta$s residing within the

basal cell compartment and the composition of the Ridliagen type | and 1V) to develop

a method for enriching for cells with stelike properties This group used CD44
expression to fractionate the basal cells followed by selection of cells which adhered

NI LIARE&@ O0gA0GKAY p YAydziSao G2inéydn. kwadaSy G @& L
found that the enriched basal population hahhanced colony forming efficienayvitro

and when transplanted into immune compromised mjdermed prostaticlike acini

which stained positively for basal and luminal cytokeratins, AR, PAP3/ollins et

al., 2001) There are similarities witbther SCsystems, such as the skin, where adhesion

to the BM is important for spatial regulation 83 within a nichéJones and Watt, 1993)

Work N2Y GKS &l YS 1 02N} P2 populatdrK@wdSor furthér G G K S
enriched for colonyforming efficiency and development of prostatic aciimivivo by

including theSCmarkerCD133 in the selectignrotocol (Richardson et al., 2004)

As with othercancers(Adhikari et al., 2011if was found that CSCs resident within CaP
tumours could be isolated based on the presence of the same cell surface martees as
non-malignant counterpartsnamely: CD44, vi m | Yy follindena.,2005Y hese

cells have extensive proliferation potential, increased invasivenebatrigebt assays

and the ability to differentiate into cells with a luminal phenotype (ARAR, CK18
(Collins et al., 2005, Lang et al., 200Fven more compelling evidence for the existence
of a basal CSC in CaP comes from xenotransplantation studies in which fewer than 100
cells expressing glycosyldteCD133 were required to initiate tumour growtim
immunodeficient mice harbouring homozygous deletion ofecombination activating
gene 2 Ragd and Interleukin (L)-2 receptor!-chaingene (* J (leading to a complete
block of both B and T cell developmgbted on aBALB/c backgroun(BALB/c/RAG/-

K ‘-/£). This was in contrast to cells displaying a luminal phenotype (CD24) from the same

tumours(Maitland et al., 2011)
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Further evidence in support of human CaP €1%Ring a basallenotypewas provided
by (Rajasekhaet al., 2011) whoisolatedin vivotumour-initiating cells (TICs) thatdinot
express luminal markers such as AR or PSA, but were positive for basal rfaldidetand
elevated integrin expressignThese cellevere capable oin vitro sphereformation and

in vivo tumour-initiation in which theyrecapitulatal the heterogeneity ofthe orighal
parent tumour(Rajasekhar et al., 201 onversely fractionated tumoprostate-specific
membrane antigefPSMA) positive cells were not tunnigenicin vivo(Rajasekhar et al.,
2011) Using a modified Hoech88342 dye efflux assaBrownet alidentifieda stem cell
enriched side population (SP) with high efflux capacity consistent with other SC and CSC
systemgBrown et al., B07). These cells could be induced to fospheroids with acinus
like morphologyin vitro by 3D culturein the presence of androgeriBrownet al., 2007)
The SP populatiomwvas mmuno-phenotyped and was found to be enriched for cells

expressing basal markers such as CK5 and &kawn et al., 2007)

In conclusionthe available evidence suggests that the human pros&fis resident
within the basal compartment and has a cell surfagpressiorand cytokeratinprofile
consistent with basal cells. Currenthere is little evidence to suggest a luminal stem cell

compartment as seen in rodesit
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| 1
[ Human Prostate ] [ Rodent Prostate ]

Castration

In d human p 1| | cells largely disappear, In mouse prostate, the residual cells after castration
leaving an Intact primitive layer consisting of largely basal cells consist not only of basal epithelial stem cells, but also of
(Including AR- stem cells) | ARY [CARN cells

I;::‘-""‘"" population ;’"’ barrier f“ms“" be/restored The latter populations are responsible for immediate

| The effects on stromal cells are less well defined SRCHAHIaREaIAtOnN

Fig. 8.Castration-InducedProstate Gland Involution.

Sem cells in the epithelial and stromal compartments are showgréen,basal cells
in blue,and luminal cells ipink,with cells positive foARexpresgon are depicted by
rednuclei Hormoneresponsive stromal cells are also showmpiimk. The effects of
androgen withdrawalpon castrationare distinctin human and rodentprostates
reflectingthe distinctiveanatomiesof the prostatetissuefrom these sources.

From:(Maitland, 2013)
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1.5.Introduction to Models
1.5.1.Cell Lines

There are several stablished cell linegepresenting normal, BPH, CaP and CRPC
phenotypes(Berthon et al., 1995, Hayward et al., 1995, Maitland et al., 2001, Miki et al.,
2007, Attard et al., 2009, Marques et al., 2006, Horoszewicz et al., 1980, Korenahuk et
2001, Stone et al., 1978, Kaighn et al., 19719y representhe traditional mode for
studying CaPand are as such wedtudied experimentally. Cell lines have several
advantages as modslstemsthey can be maintained for extendguhssagesare easily
manipulated can be adapted to culture under different condit®and are readily

transfectable

Alongside these advantages there are also significant disadvantages in the predictive
value of cell linesLongterm culture of cells in seruroontaining media can induce
karyotype defectqLee et al., 2006)Alsothere are gross changes in gene expression
profiles due to genomavide DNA hypermethylatioffiMeissner et al., 2008Perhaps

most importantly due to their clonal naturethey do not represent thecellular

heterogeneity observeth humandisease

In summarycell lines are an excellent model for optimising protocols, testing hypothesis
and generating preliminary datéowever, due to the limitations discussed above they
are often not clinically predictivéAs sucha number of well chracterised cell lineare

used in this project representing benign, malignant and metastatic models of CaP

isolated from various tissugable 2).
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Cell Line Origin Method of | Reference Increasing

immortalisation Malignancy

PNT1a Normal prostate cells | Transfection  with | (Berthon et al,,

PNT2-C2 originating from young | SV40 large T | 1995)
male organ donors antigen

BPH-1 TURP of a BPH tissue Transfection  with | (Hayward et

SV40 large T | al, 1995)
antigen

P4E6 Well-differentiated early | Transfection  with | (Maitland et al.,
Gleason 4 cancer tissue | human 2001).

papillomavirus-16
E6 gene

RC165 Primary benign tissues | Telomerase (Miki et al,
of African-American 2007).
prostate cancer patients

Bob TURP of CRPC tissue Spontaneous (Attard et al,,

2009)
Serbob TURP of CRPC tissue Spontaneous (Attard et al.,
2009)

PC346C Advanced, but not | Transfection with | (Marques et
metastatic, prostate | retrovirus al., 2006)
adenocarcinoma
removed via TURP and
subcutaneously
implanted into athymic
mice

LNCaP Left supraclavicular (Horoszewicz
lymph node metastasis etal., 1980)

VCaP Bone metastasis (Korenchuk et

al., 2001)

DU145 Isolated from the brain (Stone et al,
of a patient with CaP 1978)
metastasis

PC3 Bone metastasis from (Kaighn et al.,
grade 4 prostate 1979) \4
adenocarcinoma

Table 2. ProstateCell Lines.

From:(Oldridge 2012)
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1.5.2.Primary Cultures

Primary prostatecells fromnormal, benign or malignant patietissues can be cultured
in vitro following enzymatic cellulagdissociation or explant outgrowtfNiranjan et al.,
2013, Frame et al., 2016, Peehl, 200E)pithelial culturesvere derived from samples
taken with consent and ethical approvalfrom patients undergoing radical
prostatectomy, TURRor cystectomy Primary cultures offer several advantages over cell
line models Most importantly, primary cultureshave not beerimmortalised by strong
oncogenes such amian vacuolating virus 4(BV4( large T antigenTheyalsoretain
cellular heterogeneityn early passageultureswhich is lost in cell lines after repeated
passagesAdditionally, thee is less culturgelated karyotype andnethylomechanges

although these abnormalities increase with serial passafirang and Zhang, 2013)

There ae also several disadvantages of primary vitro prostate cultures as an
experimental toollImportantly, primarycultures have a limited lifgspan and are difficult

to manipulate by traditional transfectionAlso, primary cultures select formore
proliferative cells with a predominantly basal phenotype. Prostate cancer is characterised
by an accumulation of luminal cells which do not survive or proliferatetro (Peehl et

al., 1994, Peehl, 2005rdfme et al., 2016)Another major disadvantage of primary
cultures, is that there are currently no ceflurface markers that can distinguish normal
from malignant cells. Consequently, normal cells overgralignant cells after extended
passagd€Chen et al., 2012, Peehl, 2005)

Primary cultures represent the bestvitrostrategy to investigate CaP having been shown
to be abetter predictive model than cell ling®ehl, 2005, Niranjan et al., 2013, Miki et
al., 2007) However, it must be noted thateveral(typically three or more) patient
samples must be investigated due to the infEtient heterogeneity of disease. This can
be in both a gross (Gleason gradedasubtle way e.g. presence tfansmembrane
protease, serine ZTMPRSS20 ETSelated gene(ERG gene fusioTMPRSSERG
and/or PTEN status.

1.5.3.Mouse Models

Transgenic mouse modelsave traditionally utilised a potent oncogene, typical\48
large T antigen under the control of a prostate specific promoter such aprtitssin
promoter (e.g. Transgenic Adenocarcinoma Mouse Prostate (TRAMEY))(Greenberg

et al., 1995, Asamoto et al., 2005V4 large T antigen is dral oncogene, known to
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inactivatethe critical cellulatumour-suppressor pragin - tumour protein p53p53) and
retinoblastoma protein(Rb (Ahuja et al., 2005)The TRAMP model is characterized by
spontaneous and rapid progression to prostatic neoplasia at 28 weeks, with 100%

penetrance of lymph node metastagiSreenberg et al., 1995)

One major criticism of these early transgenic mouse models is thdtehj@ency of p53
mutations seems to be lower i@aPthan in other canceréSchlomm et al., 2008, Kubota
et al., 1995) which is consistent with the observation thatHtaumeni patientgarrying
germline p53 mutatiorhave a low incidence d€aP compared to other malignancies
(Malkin, 2011)

More recent transgenic mouse models have sought to more closetyjiarthe human
disease by utilising deletion of PTENinduce oncogenic transformatiofWwang et al.,
2003, Parisotto and Metzger, 2013, Grabowska et al., 2(HBEN deletion is the most
common genetic abnormalityy CaP, deletions occur in approximately 23HW@®IN, 69%
of localeed CaP, and 86% of metastatic CRP&himoto et al., 2006, Holcomb et al.,
2009, Grabowska et al., 2014)

Due to neoplasiaarisingin multiple organsof the PTEN+/ mice and the embryonic
lethality of PTENXnockout mice, subsequent models have used targeted PTEN deletion
in an organrspecific manner usingCRELOX recombination (Kwak et al.,, 2013)
Unfortunately thege models fail to recapitulate key features of the human diseérse
animals aged 117 weeks with established CaP, castration did extend the survival time
compared tocontrol animalsAdditionally,castrated animals maintainegrostates 510

fold larger thanwild-type (WT) controlsevenafter 11 weeks of castratiofGrabowska et

al., 2014, Wang et al.,, 2003 these castrated animalsAR levelsmeasured by
immunohistochemistrywere diminished, which is not the case in human CRF&ng et

al., 2003, Grabowska et al., 2014, Holzbeierlein et al., 26@&thaps most importantly,
castration or genetic ablation of the AR at any agehim PTEN flox/flomodel does not
prevent tumour formation, suggesting that these tumours are inherently androgen

independent(Mulholland et al., 2011, Grabowska et al., 2014)

In summarytransgenic models have o advantages in terms of amenability to genetic
manipulation and lineage tracking experiments which are impossible to perform in man

(for ethical reasons). However, they represent at best an approximation of the human
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disease which is inherently defictafiue to the morphological and histological differences

between the human and mouse prostate.

An alternative to trasgenic systems is nepatient xenotransplantation, in which donor
prostate biopsies are engrafted into immunocompromised mice sucN@BSCIDor
BALB/c/RAG/-k -/} (Rea et al., 2016, Valkenburg and Williams, 2011, Nemeth et al.,
1999, Lawrence et al.,, 2013Jhe grafting can be either subcutaneous, to the renal
capsule (advantage of increasétbod supply) ororthotopic (have the advantage of

growth within the prostate microenvironmeht

SQibcutaneous grafts demonstrated the loweégitke rated &hd differentiation(Tentler et
al., 2012) Renal subcapsulangraftment is most efficien{>90%)additionally this form
of engraftmentalso demonstrated differentiation anekpression of AR arfeiSATentler
et al., 2012)However, the orthadpic modelsxhibitthe highestdegree of differentition

e.g. ARand PSAxpression{Wang et al., 2005, Tentler et al., 2012)

Xenotransplantation has many advantages over transgenic maoaie transgenes are
necessary for transformation, cells retain the sanmique array of genetic abnormalities
present in the original disease and cells can be manipulatedvo. As with primary
cultures, interpatient diseaseneterogeneity is a confounding factor that must be
accounted for by experimentation on several gsaffhe presence of both benign and
malignant epithelial cells in grafts accurately reflects the original tumour, but it makes
analyses more difficultA further complication is incurretty the tendency of host
(murine)fibroblasts to invade the gratHayward et al., 1992)n conclusion, neapatient
xenograft models are thé?3 2 £ R &iMiwhighRhurhBRTIS can be studiedn vivo
(Siolas and Hannon, 2013, DeRose et al., 20 tpmparisontransgenic mouse models
give rise to murine tumours which ménave different properties to the corresponding
human diseaseand in vitro cultures of primary human cells fail tdully replicate

epitheliatstroma interactionsangiogenesiand metastasis.

1.6.Regulation of Gene Expression in the Prostate Epithelium

For the prostate epithelium to function pperly it is essential that tissdgomeostasis is
maintainedi.e. there is an equilibrium between proliferation, differentiation and self
renewal of a longerm progenitor poolUltimately it is the differing expression of genes
at the protein level that bestows the unique propies upon each distinct cell type withi

the prostate epithelium.Gene expression can be modulated by controlling the
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transcription of a gene and/or bygontrolling the translation of mRNA to protein.
Transcriptional control involveggulation by specific transcription factomad coefactors
within the cell which bind to their target sequenaceghin the promoterand/or enhancer
regions of the target gene. The transcriptional activity of a particular region of DNA can
be silenced by reversible DNA methylatiGiones and Laird, 1999)Additionally, the
accessibility of the gene to transcription factors, cofactors and the transcription
machinery can be modulated at the epigenetic level by modification of histone proteins
which dictate how condensed the DNA is at atipalar region(Ducasse and Brown,
2006) Posttranscriptional control of gene expression has many forms which influence
the rate of translation by modulating the hdife of the target mMRNA spaes mRNA half

life can be modulated bgolyadenylaton2 ¥ (K& @ LERRF I 2F (GKS
targeted translation silencing and/or degradation tmycroRNA (miRNA$} (Ghosh and

Jacobson, 2010, Huntzinger and Izaurralde, 2011)

It isacceptedthat androgers and therefore AR is a critical regulator of prostate epithelial
cell differentiation during developmen(KellokumpuLehtinen et al., 1981(discussed in
the next section). In addition AR signallingessential for the suival of theexocrine

luminal cellsjn the adult prostatgEnglish et al., 1987)

Inactivation of PTERcilitatesactivation ofphosphoinositide3-kinase (PISKMajumder
and Sellers, 2005p13K generategshosphatidylinositol (34, 5)-trisphosphategPIP3 from
phosphatidylinositol 4,5%isphosphatgPIP2 via phosphorylatiorat the innerleaflet of
the plasma membranelmportant downstream targets of PI3Kia PIP3 include
serine/threonine Kinase (Akt) (Majumder and Sellers, 20031P3, once generated in
the plasmamembrane, recruits Akt anphosphoinositidedependent kinasel (PDKJ} to
the plasma membrane through an interaction between the phwspositide andAkt or
PDK1 pleckstrin homology domair@nce recruited to the plasma membrane, Akt is
phosphorylated ad activated by PDK1. Thus, Pl cells also harbour constitutively
hightlevels of Akssignallingresulting in enhanced suival and proliferation(Majumder
and Sellers, 2005)

Several other pathways are important in the development and differentiation of the
prostate epithelium. Theregulation ofprostate morphogenesis is mediatedh part, by
androgens, but @b involves numerous signallingathways, incluoshg Sonic hedgehog
(SHH)Sanchez et al., 20Q4jibrdlast Growth Factor 10 (FGFI®)ins and Putz, 2008)
and BoneMorphogeneticProtein 4 and 7 (BMP4 and BMRP et al., 2004)SHHand
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FGF10have been shown to promte prostate growth, while BMP4and 7 suppress
prostate branchingPrins and Putz, 2008, Pu et al., 2004, Grishina et al., 280&3s
studied signalling molecuis all-trans-retinoic acid (aRA). atRA has been shown to e
potent inducer ofbudding in the mous@rostate (Lohnes et al., 1995, Seo et al., 1997,
Vezina et al., 2008)which involvessHH and BVIP4 (increased HH expresgn, and
downregulation oBMVIP4) (Vezina et al., 2008, Lohnes et al., 1995, Seo et al., 1997)

It is important to note that signalling pathways do not operate in isolation, there is
considerable crostalk and compensatory pathwaysith overlappingfunctions to fine

tune cellular behaviourHg. 9) (Sarker et al., 2009)
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Fig 9. Pathway Crostalk.

Thefigure depicts the interaction of thBI3K/AKT pathwayith ARsignalling as an
SEI YL S 2 T sstlklinihk dytomasntAREB bound to heathock protein
90 (HSMO), this interactstabilises ARand prevents nuclear localisatiodpon
androgen binding, AR undergoa€onformational change leading to dissociation
from HSP90 and subsequenphosphorylationof AR The ARandrogen complethen
able to enterthe nucleusand bind androgen response element§ARESspresent
within the promotersof ARresponsive gene®inding of AR to ARE sequences
induces gene expressioActivation of the PISK pathwayduces AKT
phosphorylatiorand downstream signallingeveral downstrearsignalling events
are likely to interact with AR transcriptional activity. These include interaction of -
AR with FKHR and FKHRL1 transcription factors-tafogs 2F ! w | Yy R
NB3dz F GA2y 27F | wcatehin, an®&cliv@ianofAR it the) nfTgR
pathway.

From:(Sarkeret al., 2009)
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1.6.1.Androgen Signalling

The humanmARgene is located on the X chromosome at X42land encodes a 1Da
nuclear transcription factor. The AR is composedndmino(N)-terminal transactivation
domain, a central DNAinding domain, a short hge region, and aarboxy(C-terminal
region containing a ligandinding domain and a nuclear localization sequence
(Nadiminty and Gao, 2012Jhe AR serves a fundamental role in prostate development,
maturation and homeostasiasit mediates the stimulus produced by androgecausing
genomewide alterations in gene expression of prostate cells, promoting proliferation,
survival and differentiatiorfNadiminty and Ga, 2012) DHT is the primary liganaf AR
however, testosterone can bind AR directilbeit with significantly lower affinityKlokk

et al., 2007)

In the absence of ligandR exists in a functiatly inactive statgresiding in the cytoplasm
as a monomeric protein complexed with chaperonehich include heashock proteins
(HSR) (Saraon et al., 2011)igand binding induces a conformational changeéAi
resulting indissociation of chaperone proteins, dimerisation drahsport to the nucleus
(Saraon et al., 2011In the nucleusAR binds to specific DN@&guences termed androgen
response elements (ARES), via the BiNfling domain, promoting further association of
transcriptionmachinery culminating in transcriptionA schematic diagram adndrogen

signallings $hown in(Fig.10.) (Saraon et al., 2011, Li andAdzawi, 2009)
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Fig 10. Androgen Signalling

AR binding of testosterone (T) or the more potent dihydrotestoster@idT) leads
to dissociation of molecular heat shock protein (HSP) chaperones. This allows
dimerization of AR and subsequent translocation to the nucleus where AR binds
AREs, causing recruitment of DNA transcriptional machinery and subsequent gt

transaiption.

From (Liand AFAzzawj2009)
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1.6.2.Retinoic Acid

Retinoic acidRA is known to play a crucial role in the development and homeostasis of
a wide range of tissues including prostate, neuabrand liver, by its regulation of
numerous genes involved in differentiation, proliferation and homeosté&en et al.,

1997, Ito et al., 2011, Huarg al., 2009, Rhinn and Dollé, 2012)

RAsare the ligands of a family of sixiclear liganeactivated receptors, termed retinoic

I OAR NBOSLIi2NBR ow! whX i X FyR ¥LeiddtaglRORBGAY 2 A
Kastner et al., 1997)These heterodimeric transcription factors (RAR/RXR) bind retinoic

acid response elemenfRARBsn target genes in the absence of RA where they act to

inhibit expressior{Bastien and RochettEgly, 2004, Rhinn and Dollé, 2012pon ligand

binding a conformational change is induced which leads to transcription via displacement

of a cerepressor complex andubsequent recruitment of transcriptional -@xtivators,

thereby stimulating transcription of target genéBig. 11.YLeid et al., 1992, Rhinn and

Dollé, 2012)

RA has been shown to induce apoptosis through upregulation of caspase 7 and 9 in breast
cancer(Donato and Noy, 2005RA signalling promotes differentiation and also inhibits
proliferation of SCs from many tissues includimgouse embryonic SC, human
haematopoietic stem cell$iSG), stemilike glioma cells and breast C$Qgo et al., 2007,
Simandi et al., 2010, Campos et al., 2010, Ginestier et al., . 2608)reement with these
observations, inhibition of retinoid signalling induces éhansion of HS@€hute et al.,

2006)
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Fig 11. RetinoicAcid Sgnalling

RAis generatedrom circulating retinol oby diffusionfrom an adjacent cell (curved
red arrow) RAenters thenucleuswhere it bindsRA receptors (RARs)daretinoid X
receptors (RXRsgljmers(RAR/RXRRAR/RXRBre able to bind to RAesponse
elements (RARES)target genegpromotersin the absence of liganavhere the act
to inhibit transcription RA bindingnduces a conformational change in RAR/RXR
therebyinducing the release ofo-repressors andubsequentecruitment ofco-
activator complexesvhichfacilitatetranscription byrecruitment ofRNA polymerase
Il (Pol 1), TATBiInding protein (TBP) and THBsociated factors (TAFs).

From:(Rhinnand Doll§ 2012)
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1.7.EpigeneticRegulation

Epigenetics is the study of heritable changes in gene activity or fundtiawontrast to

geneticsthese changes are naissociated withmodification ofthe DNA sequence itself.

1.7.1.Histone Modifications and Chromatin Remodelling

The histone code (posttranslational modification(s)hidtone tails) influences higher
order chromatin structure by affecting contacts between different histones and between
histones and DNABowman and Poirier, 20L5DNAexists in the cell asompacted
chromatin this packagings achieved through the formation afucleosomesn which
DNAis woundround an octamer of two subunits of each of the core histom&zA, H2B,

H3, H4 and linker HMarifio-Ramirez et al., 2003y controlling chromatin architecture,
the histone code is fundamental to several key cellular processes sudnasription,

replication and DNA repafBartova et al., 2008Chromatin exists in two major states

1 Highly condensed heterochromatin that is transcriptionally silent

1 Relaxedeuchromatin hat is transcriptionally active

The core histone domain is flankey protruding Nand Gterminal tails which are targets
for several covalent modifications that determine histeD&IA interaction, including
methylation, acetylation, phosphorylation poly-adenosine diphosphate (ADB
ribosylation uhbiquitination andglycosylation(Fig 12.) (Bannister and Kouzarides, 2011,
Kim, 2014)
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Fig 12. ChromatinConformations.

Schematic diagram illustratingiehromatin and heterochromatin. Heterochromatin
on the left is characterized by DNA methylation aledcetylatedhistones, is
condensed and inaccessible to transcription factors (closed chromatin
conformation), which is repressive regulationtig#nscription. On the contrary,
euchromatin on the right is in a loose form and transcriptionally active; DNA is
unmethylated and histone tails acetylated (open chromatin conformation), which
active regulation of transcription

From:(Kim,2014)
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The most well studied historghosphorylation event is théormation of gamma H2A
histone family, menber X(* | &)which is the product of phosphorylation of serine 139
of the H2AX variant historf®ossetto et al., 2012 his modification isne of the earliest
events in response to DNA damagend functions to direct diverse DNA repair
mechansms to the site of DNA damadeis now recognised that histone phosphorylation
also plays an important rolein transcriptional regulation as well as chromatin

organisation(Rossetto et al., 2012)

Acetylation and methylatioare two of the beststudied histone modification$oth can
play a positive and negative role in gene activai@annister and Kouzarides, 201The
outcome isdependent on the nature and position of the alteratipe.g.mono-, di or tri-
methylation oflysine 27 on histon8 (H3K4, lysine 36 on histon8 (H3K36 andlysine 79
on histone3 (H3K79 resultsin enhancedranscription but methylation oflysine 9 on
histone 3 (H3K9, lysine 27 on histon& (H3K27 and lysine 20 on histoné (H4K20

usually results in genelsicing(Vakoc et al., 2006)

Histone acetyltransferases (HATstalyse theacetylaion of lysine residuesremoving
the postive charge on the histone tail, resultingreduced affinity between histones and
DNA As a resulthe DNA is more accessible tioe transcription machineryGallinari et
al., 2007, Bannister and Kouzarides, 2011)

Histone deacetylases (HDACS) iacthe opposite way to HATs. Thdgacetylate lysine
residues resulting in condensed chromatin and repression of transcriptibie imajority
of cases (Figl3.) (Bannister and Kouzarides, 2011, Kim, 202etylationof histones
can beexperimentally modifiedoy treating cells with HDAC inhibito¢slDACI)which

include trichostatin Asodium butyrateand valproicacid(Biermann et al., 2011)
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Fig 13. HistoneTail Modifications.

lllustration of histone code according to active and repressive markers. DNA
wrapped around histone octamer of the four core histones H2A, H2B, H3, an
H4. Histone H1, the linker protein, is bound to DNA betweecleosomes.
Different amino acids constituting histone tails are represented along with the
different covalent modification specific of each residue. Active marks are
represented in the upper part of the figure and repressive marks are represe
in the lower part of the figure. Lysine (K), arginine (R), serine (S), and threon

(M
From:(Kim,2014)
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1.7.2.MicroRNAs

miRNAare small noncoding RNA (1825 nucleotides longwhicharefirst synthesiseds
primary (Pri)-miRNAspecies before being subsequently processed precursor(Pre)-
miRNA(Macfarlane and Murphy, 2010PremiRNAs are then exported fromucleusand
cleavedm the cytoplasmto produce the maturaniRNA The mature miRNAs function by
binding to complenentarymRNAmolecules. Modulaon of mMRNAexpressiorns achieved
through a RN#Anduced silencing complex (RIS®hich degrades target mRNAs
(Macfarlane and Murphy, 2010Cancer often displays an alteredRNA expression
profile compared to normal cells, typically ovepegssing oncogenic miRNAs and

downregulating miRNAs that function asnour suppressorgSassen et al., 20Q8)
1.7 3. LongNon-Coding RNAs

The adventof next generation sequencingchnology has facilitated the diseery of
novel transcriptsa significant portion oivhichare not from known protein coding genes.
Long norcoding RNAs (IncRNA) &200 nucleotides ibength.IncRNAs can bentisense
transcripts, pseudogenesanscribed intronic regionglivergent transcripts(from either
the sense or antisense strand of protein coding gémestandalonei.e. the genomic

location of these INcRNA does not overlap with protein coding géfesget al., 2013)

IncRNAs are involved in several aspects of biology including imprinting and
developmental regulation. One well studied role is in the inactivatioonaf copy of the

X chromosomen femalesproviding dosage compensatioX. chromosome indiwation
mainly controlled by cluster of IncRNAs collectively called¢heactivationcentre (Kung

et al., 2013)In CaP, the INcCcRNAPCA3s used as a diagnostic marker as ikpression is

restricted to prostate tissue and is overexpressed in (SaRroder, 2012)
1.74. DNA Methylation

The only known eigenetic modification of DNiself is DNA methylatiafypically this is
through methylation of cytosineat position C5 in CpG dinucleotidéBn et al., 2011)
DNA nethylation represses transcription directly, by inhibiting the binding of specific
transcription factors, and indirectly, by recruiting metig§Gbinding proteins and their
associated repressive chromatin remodelling activit{€@urradi et al., 2002)DNA
methylation patterns are critical redators of development and are also required for
correct functioning of differentiated tissue3hey musttherefore be established and

maintained with high fidelityRobertson, 2005)DNA methylation has been shown to
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regulate transcription, embryonic development, genomic imprinting, genome stability

and chromatin structuréRobertson, 2005, Jin et al., 2011)

In normal cells, DNA methylation is most commonly associated with satellite DNA and
parasitic elements e.g. endogenous retrovirugBarros and Offenbacher, 200)NA
methylation is controlled by BA methyltransferases, meth@pG binding proteins and

other chromatinremodelling factor® . 2 3Rl Y2 @A 0 | YR *#SSyad NI I HJ

The link between cancer and DNA methylat@an bedemonstrated by comparing the
genomewide methylation status of cancer relative to normal cells. This analysis revealed
that the genomes of cancer cells are hypomethylgi@dbertson, 2005)The major cause

of genomewide hypomethylation in tumour cells is due tbd loss of methylation from
repetitive regions, while this may seem innocuous, it results in genomic instglgitider

et al., 1997)

1.8. Research Aims

¢ KSNBE A& OdaNNByiGfe 'y WdzyYSi ySSRQ Ay GKS Y
evaluation of CaP evolution due to ADT. This is of importance as healthcare organisations

LINA 2 NR GA &S -3 &BS MEEBA 2yFQ WYTS Ellients thad arerlikitydny Ra A Y
respond i.e.GAAR Traditionally, GAAR is detected by the labour intensive and-semi
guantitative fluorescentin situ hybridization(FISH technique which is not compatible

with highthroughput £reening.

A major hypothesis of the project is thajaantitative polymerase chain reacti (QPCR

assay could be established that is capable of detecting GAAR in a heterogeneous sample
and that this assay could be used to interrogate the GAARIsOf primary prostate
epithelial cultures, patientlerived tissue biopsies and nepatient xenograftmodels of

CaP.

The specific objectives to achieve the above hypothesis were as follows:
1 Develop andralidatea gPCRbased method for thédentification and
quantification of GAAR.
1 Determine the GAAR status of several npatient xenograft models of CaP to

investigate if the GAAR could be found in the progenin ofvoTIC
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The investigatio of Latexin XN and Retinoic Acid Receptor RespondefRARRE$INn
CaRwas initiated by(Oldridgeet al., 2013,0ldridge 2012)through the analyss ofthe
expression, regulation and function of these genes/proteins in the prostate epithelium
Thesestudiesdetermined that both LXN and RARRE®linduced by atRA and that both
genes have tumoursuppressive functiamn in vitro which were independent of
carboxypeptidase ACPA-4. Additionally, it was shown that Nmethylation was the
primary form of epigenetic regulation in prostate cell lines but not in primary cultures,

patient tissue samples or negatient xenograft models

The other major aim of this project was to further the study of the regulation ofdrXiN
RARRES1 bgstingthe hypothesis that LXN and RARRESL1 are epigenetically regulated by
posttranslational modification of histones. Additionally, a combined transcriptomic and

proteomic analysigvere usedto elucidatethe mechanisnof action of LXN and RARRES1.

Specific objectives were as follows:

1 Investigate the potential for epigenetic regulation of LXN and RARRESL1 by post
translational modification of histones in the putative promoter sequences of
these genes.

1 Examine changen gene expression upon LXN and RARRESL1 overexpression
using microarray technology.

1 Explore potential interacting partners of LXN and RARB&®SJ mass
spectromety
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2. Materials and Methods

2.1. Mammalian Cell Qulture

2.1.1.Maintenanceof MammalianCells

Cell lines were maintained and passaged in T25, T75 or T175 flasks in a humidified 37°C
incubator with 5% C£ Medium constituents were supplied by Invitrogeunless
otherwise statedAs cultures reached 8000% confluence they wereils-cultured using
commercial grade 0.05% trypsiethylenediaminetetraacetic aci(EDTAIn phosphate
buffered salingPB$ The cells were passagedaatell line dependent ratio, typically 1:3

to 1:12.Specific culture conditions are shown(Table.3.).
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Cell Line Origin Culture media

PNT2-C2 Clone derived in RPMI, 10% (v/v) FCS, 2 mM L-Glutamine
the YCR CRU (R10)
lab at York

PNT1a Obtained with R10
kind permission
from Dr. P
Berthon

BPH-1 Obtained with RPMI, 5% (v/v) FCS, 2 mM L-Glutamine (R5)
kind permission
from Dr. Simon
Hayward

RC-165N/ Obtained with | KSFM , 50ug/ml bovine pituitary extract, 5ng/mil

hTERT kind permission | human EGF, 2mM L-Glutamine
from Dr. Jun Miki

PAE6B Derived in the | Keratinocyte Serum-Free Medium (KSFM,
YCR CRU lab at | Invitrogen), 2% (v/v) FCS, 2mM L-Glutamine,
York 5ng/ml human EGF (Invitrogen), 50ug/ml

bovine pituitary extract (Invitrogen) (K2)

Bob Obtained with | KSFM, 5 ng/ml human EGF, 50 pg/ml bovine
kind permission | pituitary extract, 2 ng/ml leukaemia inhibitory
from Dr. David | factor, 100 ng/ml cholera toxin, 1 ng/ml
Hudson granulocyte macrophage colony stimulating

factor, 2 ng/ml stem cell factor, 2mM L-
Glutamine (SCM)

SerBob Obtained with | SCM, 10% (v/v) FCS
kind permission
from Dr. David
Hudson

PC3 ECACC Ham’s F-12 medium (Lonza Laboratories), 7%

(v/iv) FCS, 2 mM L-Glutamine (H7)

DU145 ATCC R10

VCaP ATCC R10

LNCaP ECACC R10

PC346C Obtained with | 1:1 mix of Dulbecco’s Modified Eagle’'s Medium
kind permission | (DMEM) and Ham’s F-12 medium, 100 pg/ml
from Prof. Chris | streptomycin, 100 U/ml penicillin G, 2% FCS,
Bangma 0.01% (w/v) BSA (Sigma), 10 ng/ml EGF

(Sigma), 1% (v/v) ITS-G (GIBCO), 0.1 nM
R1881 (DuPont-New England Nuclear), 1.4 uM
hydrocortisone (Sigma), 1 nM triiodothyronine
(Sigma), 0.1 mM phosphoethanolamine
(Sigma), 50 ng/ml cholera toxin (Sigma), 0.1
Hg/ml fibronectin  (Sigma), 20 pg/ml fetuin
(Sigma)

MDA-MB- ATCC DMEM, 10% (v/v) FCS, 2 mM L-Glutamine

231 (D10)

STO ATCC D10

Table.3. Culture Conditions of Prostate Cell Lines

RPMI Roswell Park Memorial Instituts640 cell culturanedium, FCS =
foetal calf serumKSMM =keratinocyte serurdree medium BSA Bovine
serum albuminSCM =stem cell mediumEGF £Epidermalgrowth factor,
DMEM =Dulbecco'snodified Eagle's mediupATCC American Type
Culture CollectionECACC European Collection of Authenticated Cell
Cultures

From:(Oldridge 2012)

59 Chapter 2Materialsand Methods



2.1.2.Isolation and Maintenance of Primary Cultures

Primaryprostate tissue was obtained from patients undergoing radical prostatectamy
TURP procedures. Sampleere takenwith informed patient consent and approval from
the York Research Ethics Committe@iagnosis (BPH or CaPyvas confirmed by

histological examinatiorSample details are provided (Appendixl.).

A disposable scalpel was first used to remove a section of the tissue to be retained for
histology. Then, thepatient sample was chopped into small pieces. The pieces were
enzymatically digestedising 200 U/mg collagenase (Lorne Laboratorigkjch was
dissolved in a 1:2 mixture #feratinocyte Serurrree Medium (KSPMind Roswell Park
Memorid Institute-1640 medium (RPMto a total volume of 7.5 ml pegram of tissue

The KFSM medium was supplementsith human epidermal growth factor(EGF (5
ng/ml) and bovine pituitary extrac p n > He REM) was supplemented wittD0

U/ml antibiotic solution and 2mM L-Glutamine The digestion was allowed to proceed
overnight at 37°C with shaking at 8@volutions per minut€dRPN). The digested tissue
wasthen mechanically disrupted using trituratidirst by passing the digestion throg

5 ml pipette andsubsequentha blunt needle. After centrifugation &00 x gfor 10 min

to sediment cells the collagenase was diluted out with PBS: the supernatant was
aspirated, 10 ml PBS was added, the cell pellet waengrifuged at500 x gfor 10 min

and the procedure repeated. The resulting cell pellasfurther disrupted by incubation

with 5 ml 0.05% trypskiEDTA for 30 min at 37°C with shaking at 80 RPiypsintEDTA

was inactivated with R10 medium, and epithelial cells centrifugie800 x gfor 3 min.
Primary cells wereo-cultured on type | Collagecoated 100 mm plates (BD Biosciences)
with STO fibroblast feeder ce{imouse origin)n stem cell media3CM. SCM isomposed

of keratinocyteserum-free medium, 1 ng/ml granulocyte macrophage colony stimulating
factor (Miltenyi Biotec)5 ng/ml human EGF, 503 k Y 0 2 @ Aeytrict, RWglimlizA G | NB
leukaemia inhibitory factor (Chemicon), 100 ng/ml cholera toxin (Sigma), 2 ng/ml stem
cell factor (First Link UK Dtdind 2mM L-Glutamine.Subculturing of primary cultures

was performed using.05% trypsiFEDTATypically, primary culturesere passaged..2-

1:6and maintained untilpassage.
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2.1.3.Irradiation of Hbroblasts

For inducing décycle arrest through irradiation afiouse STO fibroblast celtellswere

first grown to 80-90% confluencybefore being harvested by trypsinisatioand
centrifugationat 300 x gfor 3 min.STO cellsvere thenresuspended in 10 ml SCM per
100 cn? of culture surface anéxposed t&60 Gyof radiation Cellswvere routinelystored

at 4°C for up to 3aysbefore use. This was routinely performed by all members of the
lab as a rota sysm (althoughPaul Berry, Fiona Frame or John Packer performed the

irradiation).

2.1.4.Generation andMaintenanceof Xenografts

Xenograftmodelswere generated by subcutanedysngrafting patient-derivedtissue
into the left flank ofBALB/cCRAG2/-k '-/F mice. Ap BDHTpellet (Innovative Research of
Americg was placed under the right flar(kubcutaneouslyjo ensure the availability of
androgens Once the tumour volume had exceedl a width of 15 mmit was emoved
and a small piece was passaget a different mousen the same manner as the primary
engraftment The remainder of theissue wa either fixed in formalin for histologyr

used experimentallyThis was performed by Dr. Anne Collins or Paul Berry.

2.1.5.Cryopreservation oMammalianCells

For long term storage, mammalian cells were kept frozen in liquid nitrogen inglne |
phase. Cells to be frozen were thypsinised andgedimented by centrifugation 800

x gfor 3 min The resulting cell pellet was theasuspended in freezing medium at a
concentration of 12 x 16 cells per mlThe cell suspension walsen divided intol ml
aliquots which were frozenn cryovials.Uponthawing, cells were diluted into 15 ml of
R10 culture medium, sedimented by centrifugation and plated in either T25 flasks (cell

lines) or 100nm collageA coated plates (primary cultures).

2.16. Determination ofLive Cell Number Using aHaemocytometer

Total cell number live cell number was determined using Trypan Blue exclusion as a
surrogate for viability. Live cells (netained cells) were then counted using a
haemocytometer (Neubauerf.o determine live cell counts 20f n ®nm’z ¢ NE LJ Y

(SigmaAldrich) was diluted 1:1 with 18t OSft t &adzA LISy airz2y o
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2.2.PrimaryQulture Enrichment

Primary prostate epitélial cultures were enriched intehree major subpopulations

representing different states of cellulatifferentiation. The enrichment exploits the
RAFFSNBYGALE SELINBaaiAzy 27 -idteyth atd&EDI133 a% dzNF | O
described previousl{Collinset al., 2001; Richardsoet al., 2004:

f SCshave high cell surfacef S@Sft & -infegrin and ICR133h(H - ™
integrin™"CD133+).

f Transit amplifyingTA)cellsK A 3 K f S @ Sntedrin BuFneghtiveifom
CD133" H Hintegrim®'CD133).

f Committed baskcells(CBY 2 ¢ f S @ Sifitegrin ArfEnedativefan CD133
(" H inegrin®”CD133).

HPH dM 9 Y NA OlktagB8nbBipredifiglelisH | ™

At least2-3 ~80% confluent@cm culture dishesf primary prostate cultures were used
in the enrichment process. STO cells were remolvgd min incubationwith 0.05%
trypsinEDTA at room temperature. Theypsin was then removed and fresh 0.05%
trypsinEDTAwas addedo harvest the epithelial cellsSlype | collagewoated 100 mm
plates were blocked with 0.3%w/v) heatdenatured Bovine serum albumin(BSA
dissolved in PBfér 1 h at 37°C. 3 ndf cell suspensn was plated out ontdéhe blocked
plates and incubated &837°C for 20 mirviedia wasaspiratedand the plates wergvashed

5 times with 5 ml PBS which was also colleclidtestoredmedia and washes were spun
at300xgF2NJ p YAy G2 LIStfSi G(KS -DFGESANDBELOBEE
integrin®™T /. 0 @ -intek§rBhigh adhevent cells werken harvested by incubation
with 0.05% trypsiFEDTA and used for CD133 cell isolation.

2.2.2. Enrichment of CD1EkpressingCells

TheDirectCD133 Cell Isolation Kit (Miltenyoiic) was usedaisolateCD133expressing
cells from primary prostte epithelial cultureshH i -imtegrin™" cells wereenriched(as
described in Section 2.2.1)p to 1C cells were resuspended in 360t Y | -AcfivatédA O
cell sorting (MACS) bifier (2mM EDTA, 0.5% (v/ivipetal calf serum(FC$in PBS), 108l
FcR blocking ement (Miltenyi Biotec) and 108l CD133 beads (Miltenyi Biotethe

62 Chapter 2Materialsand Methods



reaction wasincubated at 4C for 30 min. Cells were washed with 3 ml MACS buffer,
centrifuged at300 x gor 5 min and the ell pellet was suspended in560f a! / { 0 dzZF ¥S
Magnetic cell labelling and cell separation on MACS columns were performeds
directed by themanufacturer. Briefly, the¢ACSMS column wadirst equilibrated wih
500> f a! / {theroceltF bbuidNtb magnetic beads weatowed topass through the
columnby gravity Three wash stepsachwith 500> f a ! / {weré Wi#tBed & Wdllect
the CD133 population. Finallyl ml MACS buffer was added to the column dhd
CD133+ cells eve eluted from the beads with thgglungeQ  LINR T inBré&asge the
purity of the CD133+ fraction from 7% to 95%, e cells were passed througha
second MACSMS column. The CD133 and CD133+ cells were sedimented by
centrifugation at300 x gfor 3 min, the supernatantvas thencarefullyremovedandthe

resultingcell pellets were frozen aB0°C to usen downstream applications.

2.3.Transfection ofCell Lines with Plasmid DNA

ViaFect transfection reagent (Promega) was used to transfect cell piasmid DNA.
Typically0.1-2 x 1Gcells per ml were plate@d4 hbeforetransfectionto ensure that cells
were atleast 50% confluent dahe time oftransfecion. The optimaViaFecplasmid ratio
was determined empirically for each cell lifgpicallyl-3 ul of ViaFecper> 3 2 F LJX | a YA
was usedViaFecreagent wadirst equilibratedto room temperature RTy andwas mixed
by gentle vortexindpeforeeachuse.Each transfection reaction consisted 802500 ng
plasmid DNAdiluted in OptiMEM serumfree medium which was mixed bypipetting.
ViaFect reagent was then added to the tube, andgbhkition was again gently mixed by
pipetting. The DNA/iaFectmixture was incubated at RT for 20 min to all@emplex
formation. The complexes were then introduced to céalls dropwise fashionCells were
incubated in the pesence of complexegvernight at 37°CAfter incubationthe DNA
ViaFectcomplexes wre aspiraed and replacedwith fresh culture mediumCells were

then incubated for a further 1-80 h before evaluation.

2.4.LentivirusProduction

Lentivral donor, destination plasmids andgkaging plasmids were a very kind gift from

Prof Stephan Geleynnsbruck Medical Universit{petails of the plasmids can be found in

(Appendix4.).
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2.4.1.BacterialTransformation

Aliguotsof chemicallycompetentbacterig typically5 | pE. colicells (Fisher Scientific

Limited) wereplacedon ice for 30 mirto gently thaw Next, 1-5 ng of plasmid DNA was

added to eachaliquot and the resulting mixture was incubated for a further 30 naim

ice. The bacteria were theheat-shocked for 30 s at 42°@ndimmediatelyreturned to

ice for2 min 250> f & dzZLJSNJ 2 LJG0 A Y I fwasitheR adéed tbhe battéria Y S R A dzY
andincubated at 37°C for 1 d&t 220RPMin a shaking incubatoilhe bacteriavere then

plated onto lysogeny broth (LB) agar plate®ntaining a selection antibioti@and

incubated for 24 at 37°CAfter incubation colony screening was performed.

2.4.2.BacterialQultures and Plasmid Purification

Astarter culturewas initiated from a single colony fronfrashly streaked selective plate.
This was used to inoculafemlof LB mediun{tryptone (10 g/L) yeast(5 g/L)extract and
NaCl(10 g/L) containingan antibiotic for selectionhefore incubationfor 8 h at 37°Cat
220 RPMin a shaking incubatoiThe starter culture wathen used to inoculate 250 ml
selective LB mediarhe 250 micultures wereallowed to grow by incubatiomt 37°C
overnight withshakng 20 RPM)Bacteria were harvested by centrifugatiah1800 x g
for 10 min using a Heraeus Megafuge 1.0R centrifideermo Fisher Scientific)The
EndoFree Maxi kit (Qiagen) was used to geneeadotoxinfree plasmid DNA according
G2 YI ydzF I O0 dzNSadeXmdicelpelets weidzSispead@d 10 ml Bufér pl
(50 mM Tris-HClpH 8.0, 10mM EDTA, 106 3 k ribdnucleasgRNasg A). 10 ml Buffer
p2 (200nM NaOH, 1% SDS (w/v)) whsn added to the mixturevhich mixed thoroughly.
Ice-cold Buffer P3 (3 M potassiunceate, pH 5.5) was added anthe solution was
immediately mixed. The lysate wisentransferred toa QlAfilter cartridge and incubated
at RT for 10 minThe lysate waghen filtered by forcing it throughthe column using a
plunger. After the lysate had been filtere@.5 ml Buffer ER as added to thdysate.The
tube wasthen inverted several times to mixand wasincubated on ice for 30 min.
Meanwhile aQiagertip 500 was equilitated with 10 ml Buffer @ T(750mM NaC] 5mM
3-(N-morpholino)propanesulfonic aciMOP$, pH 7.0, 15% isopropanol (v/v), 0.15%
Triton %100 (v/v)), thelysatewas applied to theQiagentip and was allowed to pass
through theQiagentip by gravity TheQiagentip was thenwashedtwice using30 mlof
Buffer QC (1.1 Nad, 50mM MOPSH 7.0, 15% isopropanol (v/v), 0.15% Trito1 00
(v/v)). The plasmid was eluteby the addition oft5 ml QN buffer (1.6 M &C| 50 mM
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MOPSpH 7.0, 15% isopropanol (v/v)Jhe plasmid DNA was theuecipitated by adding
0.7 volumes (10.5 ml) of isopropanol awdscentrifuged at15000 x gor 30 min at 4°C
using a Heraeus Multifuge X1R centrifu@ledrmo Fisher ScientijicT heresulting plasmid
DNA pellet was washealith 70% ethanol (v/v) at RT,-sedimented andair-dried for 10

min. Finallythe plasmid DNA was themsuspended in PCR grade water (Sigma)

2.4.3.Gatewawy doning

The sguence specific recombination site¢tB1.1 and attB2.1 were used to flank the
gene of interest. These were added by 2 separate PCR reactions. The first PCR reaction
used gene specific primers with overhangs to add the inner half of the attB sequences
This product was the run on a 1% agargsetat 100V for 1.5h before the band was
excised and the DNA purified from the agarose gel using Qiagen gel extract{as kit
described in 2.6.6.Yhis product was used asettemplate for the 2 PCR reaction to add

the outer half of the attB sites. The product was treaparated by electrophorestn a

1% agarosgelat 100V for 1.5h before the band was excised and the DNA purified from

the agarose gel using Qiagen getraction kit as described earlier.

The attB flanked PCR product wasrilodoned ino pDONR221 which contains attP sites
using the BP clonas25 fmol of attB flanked PCR product was combined withNG of

pDONR21and1>f 2F .t Of 2yl aSeo ¢KAa ¢la GKSY YIF

grade water. The reaction was allowed to proceed fokK24 | (i  H>pftx / 2P nlONMR G SA y I
gla FTRRSR (G2 GKS NBIFIOGA2Y ¢ KAMIK Thg endire G KSy

content of thereaction was then used to transform bacteria as described in section 2.4.1
Foursingle colonies @re isolated and cultured for plasmid purification as described in
section 2.4.2The fourclones where then sent for sequencing to ensure that the sequence

had not been mutad.

ApDONRR221 clonecontaining the urmutated gene of interest was used as the substrate
for generatingdestination plasmid (pDES)capable of producing lentiviral vectors in the
presence of packaginglasmids. Briefly, 2 ng of pPDONR221 containing the gene of
interestinavolumeof 5t & | & Y A rig SffheréghinedpDESTcontaining attR)
sitesinavolumeoft f ® ¢ KA A& NBI Qdatétal voldnmedf 4t RBERdzLI
grade water (Sigmal>f 2 F p - Wasvadded ta ¢id réaStionlthe reaction was

YAESR o6& OSYyGNATFdAIGA2ZYyd ¢KS NBIFIOlxaRy2F!I &
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Proteinase K solutiowas addedandthe reaction wasncubated for 10 min at 37°CThe
entire reaction was used to transform bacteria as described in section 2.4.1siRgle
colonies vere isolated and cultured for plasmid purification as described in section 2.4.2.
These clones were then tested for presenééhe gene of interest by PCR before further

verification of expression of the gene of interest by western blot.

2.4.4.VirusPackaging

HEK293FT cellSHermoFisher Scientifiajere used as the packaging cell liae 293FT
cell line is a fat-growing, highly transfectable clonal isolate derived from human
embryonal kidney cells transformed with the SV40 large T antigemhance lentiviral

production

HEK293FT cells were transfecteitthmthe pDESTof interest and the viral packaui
plasmids psRX2 and pVSVG. In order to ensure consistent viral production at any scale
and any size of transgene insée number of molecules of each plasmid pedl used

to transfect the HEK293FT cells was standardised. This was L.étd€ulesof psPAX2
9.25x10 moleaules of pVSVG and 3.30x10 moleaules of pDESper cell. The molecular
ratio of the plasmids was 1.75 molecules of psPAX2: 1.00 meteaf pVSVG: 3.57
moleaulesof pDEST

ViaFect tranfection reagent (Promegayas used to transfect HEK293FT cells with the

plasmid cocktail ataratoof2f 2F +*Al CSOG LISNI >3 2F LX | AYA
same way as described in section 2.3.1 but with some minor differences. Firstly the
HEK293FT cells were grown to 90% confluency before transfection. Secondly, the
HEK293FT cells were plated onigstie culture plastic coatedith PolyL-lysine(Sigma

Aldrich) this was to prevent theconfluent HEK293FTEells from doughing off during

harvesting of theviruscontaining supernatant Finally the scale of virus production

needed for large scale exparentation necessitated the transfaohto be carried out on

10cm dishes.

HEK293FT cells were transfected as described ali@vipost transfection the culture
media was replaced with fresh culture medium to remove transfection reagents which
may be cytotoxic. 24 hafter the medium change the culture medium containing viral

particles was harvestedijtered througha 0.44 Y &a&NAyYy 3IS FAEL GSNE | f Al
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a further 24 hbefore a second harvesting of viral particles which was performed in the

same way.

2.4.5.DeterminingLentiviral Titres

All titrations of virus containing solutions were performed on solutions that had
previously bea frozen. This was to accurately assess the viral titre of frozen aliquots over
virus containing solutions. Most viruses used contained a visible mankkafcedyreen
fluorescent potein (eGFP. Where a visible selectable marker was not prdsarvirus

was produced using the same backbone as experimental virugewith eGFPas an

insert. This was used to estimate the titre of experimental viruses.

Serial dilutions of the virus containing solution were made, typicadigt, 1.5, 1:501:500

and 1:900. 250ul of each solution was mixed with 2500f 1.2x16 HEK293FT cells/ml
suspension The resulting cell virus mixture was plated on to a 48 well plate at a total
volume of 50Qul per condition with each condition containingB¥ HEK293FT cells. Final
virus dilutions would therefore be 1:2, 1:10, 1:100, 1:1000 and@0@0

48 hafter plating the cells were harvested by trypsinisation and were interrogated using
flow cytometry to determine the perceage of eGFRpositive cells per condition. SYTOX
(ThermoFisher Scientifiajas used to exclude dead cells from analysis. The lowest serial
dilution thatwas>1 % lnt <10%eGFPpositive cells was used to calculate the viral titre

using the following calculation:

YQO 1 06 d QMO W Qaaic o DIARN 6 QNG & £ i

Phél QDM@ EN & & GEA®QI 6 & 6 0 Qe

2.5. Transduction ofMammalianCells

Mammalian cells weretransduced with the lentivirus of choice depending on
experimental demands. Typically cells were transduced witlh Yirus particles per cell
with 3 virus particles per cell being the most commonly used in this project. Cells were
trypsinised and counte@ds described previouslyffhey were then mixed with the pre

titrated supernatant from the viral packaging cells. Cells were then plated on to a suitable
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multi-well plate, flask or petri dish. After 16the cell culture medium was removed and
replacedwith fresh media. After 48 Hrom the initial transduction the percentage
transduction was calculated and a small sample was taken to determine the number of
viral integrations per cell (described below) and protein expression of the transgene by

western blot.
2.5.1.Determination ofViral Integration

In order to avoid a situation where affects could be due to insertional mutagenesis it is
important to determine the number of viral integrations per cell. By usingegificqPCR
assay, pmers were designed to be specific to the woodchuck hepatitis virus
posttranscriptional regulatorylement (WPHRE). This element is found on all destination
vectors used in the project and is integrated along with the transgene. The assay also

incorporaked primers designed to be specific for the single codgde P gene.

Briefly, genonit DNA(gDNA)as extrated as describeth section 2.6.110ng of sample
was interrogated with both the WRE and Rlase P primers along with a 5 poinastiard
curve for each seof primers (hormal humamgDNAfor RNaseP andpDESTor WPHE).

This allowed the copy number of each gene within the sample to be determined. With

this information the aveaige number of integrations per cell is calculated as follows:
"DEO0QQ HRWDED) OOE ED d OQIYO ODQE FD & OQE
2.5.2.Generation ofSable Lines

Stably expressing cell lines were generated by transducing cells with lentivirus made using
the pDEST36 plasmid. These viruses also contain the selecfalnlemycinresistance
gene(PURGR) which confers resistance to the antibiotic puromyciie sensitivity of
non-transducedcellsto puromycinwas determined empiricallytypically thiswas 10
ng/ml. After 48 hpost transduction the cell culture medium was supplemented with a
concentration of puromycin to which the ndransduced cells were sensitive. Cells were
cultured in the culture medium containing puromycin, which was refreshenty 2 days,

for a minimum of 2 weeks.
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2.6.1solation andAnalysis ofMammalianCell DNA

2.6.1.DNAExtraction (Qiagen)

gDNAwas extracted frontissues andcultures using the Reasy Blood and Tissue Kit
(Qiagen)according todl KS Y I y dzF I O dzBkisfly,Qup th § & HopktizGvéra 2 v
washed once in PBS adissociated by trypsinisation [@5% trypsiFEDTA at 379CR10

was added to inactivatthe trypsin,before the cell suspension wasntrifuged at300 x

g for 3 min and the supernatantemoved and discardedThe cell pellet waghen
resuspenled in 200> f  dupplemented witlr0> f  LINR G S A ¥ tNas® A 00 Y R n

mg/ml). Next,t Hnn>t . dzZFFSNI !' [ &I & sionRuRihRveré then 1 KS O S

thoroughlymixedby vortexingbefore incubatiorat 56°C fo 10 min to lyse the cells. 200
>| ethanolwas added to the tube which was agaiortexed toensure thorough mixing
The cell lysate wastroduced toa CNeasy nini spin column angvas thencentrifuged at
6000 x gor 1 min. The flonthroughand collection tubavere discarded and the column
wasplacedinto afreshcollection tube, 508 t . dzF T Sthen addesito thelcélumn
which wasthen centrifugedat 6000 x gor 1 min. The flouthroughand collection tube
werediscarded and the column placedadra newcollection tube, 506 { . dzZFFSNI ! 2 H
addedto the columnbefore centrifugation at 15000 x dor 3 min The flow through was
discarded andhe column was centrifugedt 15000 x g for 3 miwithout the addition of
any buffer This was taemove anyremainingethanol from the columrprior to elution
Elution of @NAwasperformed by the addition 80> f  2-radéewaterto the column,

which wagthen acentrifugedat 6000 x gor 1 min.

2.6.2.DNAExtraction (Phenol Chloroform)

Modified from(Collas, 2011

Cell pellet, tissue (both fresh and frozerojstimal cutting temperatur§ OC}) compound
2NJ LINS@A2dzat e Aaz2flFdiSR 5b! G2 0SS WOt SIkySR

The sample was rsuspended in508 £ 2 ¥ O 2 Wlhiiff& WiSch Snsdtddk 20
mM Tris¢cHCI(pH 7.5), 5 mM EDTA 50mM NaCJ 1% (wt/vol)sodium dodecykulphate

C

(SD$and50mg/ml proteinase ® ¢ KS & YLIX S 461 a GKSypmhy Odzo I G

a heated shaking cabinetHybade for 2 hours. The resulting solution was briefly
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centrifuged before 500> f pheAokchloroformcisoamyalcohol pH 8 (25:2:1) (Sigma

was added directly to the sample. The sample was then vortexed and centrifuged at

15000 xgF2NJ p YAya 4G wpx/ (G2 &aSLI NI @&théd KS I |j d:
aqueous phase was transferred to a new 1.5ml centrifuge tdi8®> f chofoformg
isoamylalcohol (24:1yvas added to the aqueous phase. The sample was then vortexed

before centrifugation atl5000 x gfor 5 mirsatH px / (2 & SLlébuddandS GKS

chloroform phases. 458 of the aqueougphasewas transferre to a clean 2nl tube.

The DNA in the aqueous phase was precipitated by the addition jf @3 M NaAc pH
5.2), 5>l of linear acrylamide carrier (Ambipand 1 ml of 96% ethanol ad TCxThe

solution was mixed by inverting 10 times befdyeing incubated overnightay n x / &

The sample was then thawed on ice before beairgtrifuged at 20000 x g forl5 min at

n &.At this point a clearly visible pellet consisting of DNA and carrier could be seen. The
supernatant was removedrhl of 70% ethanol atH /Cxvas added. The sample was then
centrifuged at 20000 x g form p Y A ¢ THe Suparnatant was removed and the pellet
was dried using arEppendorf Concentrator 5300 i o The peliet was then re
suspended in an appropriavolume of PCR grade water (Sigrhgically 36100> .fDNA
concentration and quality checks were performedngsa Nanodrop spectrophotometer

and DNA samples were routinely stored-20°C.

2.6.3.DNAExtraction from Formalin Fixed Paraffin EmbeddedTissue

This method used th®eliaPren FFPEgDNAMiniprep SystemPromega) with minor

modification.

TheFormalin Fixed Paraffin Embedd@dPissue was transferred to a 1Bl centrifuge

tube. Deparaffinsation was performed usig mineraloil C2 NJ aSOGA2y & X pn Y
>t 2T YwagaSdddahd IAZES OGO A2y a w fp /2 FY ANOINEYNASE 24t
gl & GKSY Ay Odz | (i &Rl wasithenyvortexed. 08 NJLy&sis Buffey

(suppliedas part of thekit) was added tolie sample which was then centrifuged a0D0

xgformp &S O2 y RAithid pbint arpagueous and a mineral oil phase became
apparent.20>f 2 T t Naaditleh sddedl Sirecty to the lower phase which was

then mixed by pipetting The sarple was then incubated for 1hii pc x/ [I1)hR G KSYy
G ynx/ ® ¢KS alYLiS ¢gla GKSy Fft2gSR G2 O

70 Chapter 2Materialsand Methods



centrifugation.10> f Naske Awasdirectlyaddedto the lysed sample in the lower phase

which was henmixed by pipettingb ¢ KS &l YLX S 4l a GKSy Ay Odzl
220> t Bl2Buffesupplied as part of the kityas added to the lysed sample along with

240>t 2 F S §lBO%Y thd sandpth pvas then vortexed. The sample was the
centrifuged & 10000 x g15 seconds ak p XAt this point the aqueous and mineral oil

phases were separatedh@& entire lower (aqueous) phase of the sample, including any
precipitate that may have formedas transferredo the column The remaining mineral

oil was discardedThe assemblyvas centrifugedit 10000 x g foBOsesatH p x / G KS Ff 2
through was discarded00> f  2A\msh Bolutiorisupplied as part of the kityas added

to the column before cemifugation at10000Gfor 30 secondsat p x / (G KS Ff 24 (K
was discarded. The column was the then dried by centrifugatid®@@0g for 6 minutes

atH p x / ®inding Solumnvas transferredo a clean 1.5nl microcentrifuge tube30q

50> bf PR grade water was added to the column (to elute the DNA) which was then
centrifugedat 16000 x g forl minat H p XDN& concentration and quality checks were
performed using a Nanodrop spectrophotometand DNA samples were routinely stored

at -20°C.Often the DNA was cleaned up by a further phenol chloroform extraction as

described in section 2.6.2.
2.6.4.AgaroseGel Hectrophoresis

Agarose gel electrophoresis was used to asslkessquality and purity as well as the
specificity of the amplification reaction. Typically, eadmple or PCR product was
analysedon 1-2% (w/v)TrisacetateEDTATARE agarose gel using GelRed nucleic acid
stain (1:10,000 (v/v); Biotium) to visuali®NA 20> f t / w RORByrRddz@éter
(Sigmaand4>f 5b! f 2 RAY 300,RA § EDTA, 0XB (WONASOE, D.05%
(w/v) bromophenol blue and 0.05% (w/v) xylene cyanol) watded, homogenised and
loaded onto agelwhich was submergeth TAE bufferl00 bp or 12kb plusmolecular
weight (MW) DNA ladderswere run alongside samples to allowizing. Gels were

visualised usingeneSnap ID software (Syngene).
2.6.5.PCRAmplification

A full list of primersequences anaorresponding PCRonditions can be found in
(Appendix 2). PCR reactions were performed usiHgtinumu Taq polymemase and

associated reaction componenfEhermo Fisher Scientijior using Phusion polymerase
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kit (Thermo Fisher ScientijicTypically reactions were betea 2050>f YR Ay @2f @S
AGSLI FYLEATAONGA2Y LINRG202t GQahealinkwpically 3 2 F R
52cpx/ 0 | yR TSHEISyd@M2YI LG G KSNY2 08 Ot SNJ

2.6.6.GelExtraction

Gel extraction of a PCR product was performeagishe QIAquick® Gel Extraction Kit
(Qiagen) according to theanufactures(protocol. Briefly, the gel was made ugiByber

safe DNA stain Thermo Fisher Scientiji¢co allow visualisation of the band under blue
light which is less energetic wpared withultraviolet (UV) light and should therefore
minimise DNA modifications and hence mutation of the extracted product. The DNA band
was excised from the gel usiaglean, sharp scalpélhe gel piece was then weighed and

3 volumes oBuffer QEsupplied as part of the kitlo 1 volume of ge(100 mg gel ~ 100

> f Tihis was then incubatet 50°C for 1@nin (or until the gel slicdissolveccompletely).

The tube was vortexeédvery 2,3 min to help dissolve geDne gel volume d§opropanol
wasadded to the sample which was then mixed. The solution was then transferred to a
QIAquick®spin columnand centrifuged for 1 minand theflow-through was discarded.
500> f . dzWwasSdtledvdihe column which was theentrifuged for 1 minand the
flow-through was discarded50> f . dzfsdpplibd as @art of the kityas added to

the column which was centrifuged for 1 nand theflow-through discarded. The column
was transferredo a clean 1.5 ml microcentrifuge tulaad DNA was eluted with 54 of

PCR grade water.

2.6.7.Quantitative PCR oBenomic DNA

gPCReactions were composed @f5>f 2 F { a2 Cl a { mix D)afeBiS Yyt { dz
(BioRag, 2>t 2 ¥ 5@ 10IM fodvard drimer, 0.6> OFf 10 mM reverse primer
andPCRyrade water (Sigma)p to a total volume of 15 f & | f f Njeifobried 2y a4 6 S
on FrameStar whitéubed (4titude) 96 well platem triplicate. Reactions were run on a

CFX96 Redlime PCR Detection System, and analysed using tHeagi€FX Manager 2.0

(BioRad Standard thermatycling conditions included or 2 min at 98°C follovigo40

cycles of 98°C for 5 s and 60°C for 5 s-lBid CFX96) 0 ensure specificity of the
reactionsamelt curve step was added at the end of each cycle: 95°C for 1568°&2for

20 s and 95 °C for 15 s.
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Melt curve amlysis utilises the ability of an intercalating dye (used to detect the
abundance of an amplicon) to fluoresce when bound to dowitlanded DNA (dsDNA)
(no fluorescence is detected in the presence of sisglanded DNA (ssDNA)). By
gradually heating theDNA present at the red of a qPCR reaction and analysing the
fluorescence it is possible to determine the point at which dsDNA denatures becoming
singlestranded. As the denaturation is dependent on the length of the amplicon and its
GC:AT nucleotide ratib is possible to determine if a single product (one denaturation

event) or multiple products (multiple denaturation events) are present.
2.6.8.Analysis of ARsenomic Copy Number Alterations

Samples wereinterrogated using specific gmers for AR dystrophin (DMD) and
glyceraldehyde $hosphate dehydrogenasgG&APDH by gPCRas described in section
2.6.7. A standard curve using normal female DNA was generated to allow absolute
quantification of these genomic regions. The copynber ofARandDMDwas expressed
relative to the copy number dBAPDHAIso included was i@ferencesample of normal

male DNA to whiclthe copy number of samples could m®rmalised Additionallya
sampe of MCGaP DNAwas includedwhich is well documented to have a specific

amplification of theARgene and therefore serves as a positive control.

2.7.1solation andAnalysis ofMammalianCell RNA

2.7.1.RNA Extraction

RNA was extracted umi the Rleasy Mini KitQiager). Typically5 x 16 cells werefirst
washedusingPBSbefore being tripsinised (0.05% trypdiDTA at 37°CIR10 was then
added to inactivate therypsin, before centrifugationat 300 x gfor 3 min am the
supernatantremoved The resulting cell pellet(syere resuspended in 359 f . dzF F SNJ w]
buffer (supplied as part of the kigupplemented with2-mercaptoethanol and vortexed
to mix. The cell lysate waben introducedinto a QIAshredder homogeniser column
(Qiagen and centrifugd at 15000 x gor 2 min. 350> f %Tethanol diluted irdiethyl
pyrocarbonate(DEPEtreated water was added to the homogenised lysatkich was
then thoroughly mixedby pipetting. Thdhomogenisedsample washen transferred to an
RNeasy spin colummto allow RNA bindingnd centrifuged atl5000 x gfor 15 s. The
column wasthen washed with 700> Buffer RW1(supplied as part of the kitspun at
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15000 x dor 15 s, followed byurther washing with 500> Buffer RPEsupplied as part
ofthe kity ! & S OK ¢ I fioW-thraugr@ds diskafledBlution of RNA was
performed with 30 > f Nasefree water by centrifugation at15000 x gfor 1 min.
Determination of RNA quality and concentration wesformed using a NanoDrop ND
1000 spectrophotomete(Thermo Fisher Scientifior using Bioanalyser (AgilenBENA

samples were routinely stored é0°C.

2.7.2.Complementary DNASynthesis

Total RNA was reversed transcribed in 1426 = Y A E S R PER gr&de water p
(Sigmapnd 0.75> f  wl y R 2 ¥hd hahtdd YoS O for 10 mifihe14.25> f actioh

mix included6 > bf 5x First strand buffer3 > f M dithiothreitol (DT, 0.75> ¢ t / w
grade water (Sigma},r [10mM Deoxynuatotide(dNTPs. 1.5> f  { dzLJS NE ONXR LJi L L
was added anthe mixture wasncubated at 45°C for 2 Ethanolprecipitation was used

to purify the cDNAthis was performedvith the addtion of 15> f M bdlaCl and 126
100%ethanol and samples plaed at-80°C for 30min. Thecomplementary DNACDNA
waspelletedby centrifugation ait5000 x dor 10 minand the supernatant was aspirated
Thepelleted cDNAwasthen washedby the additionl00> bf 70%and centrifugation at

15000 x dor 5min. The supernatant waben aspirated andhe cDNApellet was dried
usingan Eppendorf Concentrator 5301 (Eppendotfgfore resuspensioin PCR grade

water (Sigma)

2.7.3.Reverse TanscriptionPCR

Reverse transcription polymerase chain reacti@®FPCR was performed in 10>

reactions which consistd of 5 > fTagMan Gene Expression Master Mix (Applied
Biosystems) or SsoFd&bes Supermix (Biead), 0.5t ¢ [jaly ISy S SELINB:
(Applied Biosystems) and 48 cDNA(30 ng) diluted inPCR grade water (Sigma)

Reactions were performesh FrameStar whitéubed (4titude) 96 well platein triplicate.

Reactions were run on a CFX96 Reaale PCR Detection Systemmd the resulting data

was analysed usinipe BicRad CFX Manager S6ftware (Bio-Rad) Standardhermal

cycling conditionsvere 2 min at 95°Cinitial denaturation) 40 cycles of 95°C f&rs and

60°C for 5 s (BiRad CFX96)he deltadelta @ method (Schmittgen and Livak, 2008as

used to analyse the results of IRCR Whererelative quantificatiorwas appropriatethe

target gene expression was normalised to the expression of a control gemgi®al
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control genes includ&APDHG0S acidic ribosomal protein PRPLPYor 18S ribosomal
RNA(189.

2.8.Chromatin Immunoprecifation

2.8.1.Chromatin Preparation

10’ ¢ 1 cells wereharvested bytrypsinisation(0.05% trypsifEDTA at 37°CR10 was
added to inactivate the trypsin, before the cell suspension was centrifuged at 300 x g for
3 min and the supmatant removed and discarded. The resulting cell pellet was then
resuspended in 5 ml of the same culture medium in which the cell were graveit
fixation was perdrmed by the addition offormaldehydeto achieve a concentration of
1% (w/v). Theformaldehydefixation was allowed to proceed forlO min at RTThe
fixation was then stopped by the addition 6125 M glycin@nd subsequenincubation

at RTfor 5 min.The cells were then pelleted mentrifuged at300 x gfor 5 min at 4°C.
The cell pellet was then washédice using20 mlof ice-cold PB&nd centifugation at
300 x g for 5 min at 4°Cellpelletswere thenresuspended itice-cold sweling bufeer (5

mM Piperazineb X -bis(2ethanesulfonic acidjPIPE$pH 8, 85 mM KCI) supplemented
with Tergitoktype NP-40 (NR40) (0.2%(v/v)) and complete EDFtee protease inhibitors
(Roche). Theeactionwas allowed to proceed f&0 minon ice with gentle rockingefore
centrifugation at 300 x gor 10 min at 4°CThe resulting pellet was theresuspended in
TSE 150 (0.1% (W/8DS, 1% (v/v) Tritor1R0, 2mM EDIA 20mM Tris-HCIpH 8, 150

mM NacCl) supplemented with complete Ebffee protease inhibitors. Theample was
sonicated using a Biorupteonicator (Diagenode¥or 20 cycles of 38on/ 30 s off at
maximum power. Chromatin was centrifuged 8000 x gfor 30 min at 4°Gand the

supernatant wasliquoted and stored at-80°C.

2.8.2.SonicationControl DNAExtraction

DNA forma sample 20>f 0 2F (GKS a2y A Golaied BsingpHemdR Y I (0 A y
chloroform extraction(described in sectio2.6.2.) The extracted sonicatechromatin
wasanalysedon a 0.75% (w/v) TAE agarose gel using GelRed nucleic acid stad@@1:10
dilution) to visualise. 5t a2 y A Ol (i S R POKgXERIeaterSigasa)dr25p

DNA loading dye were mixed and loaded onto the gel run & uAfer for a minimum of
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1 hat80 V. 100p and 1IKb+t MW DNA ladderaere run inalongside the sonicated DNA

Gels were visualised using the GeneSnap ID software.

2.8.3.Immunoprecipitation

Protein A or Protein Gepharose beads (Sigma) wéiret blocked byincubationin buffer

TSEL50 (20 mM Trismt | /pk8),160mM Nad, 2mM95¢! £ nodm: {5) = m: ¢ N
supplemented wittm > F@astttansfer ribonuclaiadd (tRNA (Sigma pre-denatured

at 95°C for 5 miyand 250> 3 K BSA (SigmaThe blocking reaction was performed with

rotation at4°C for 4 hThe blocked beads were then washed three times usufter TSE
150andcentrifugation at 800 xg for 1 min,before storage a#°C.

Chromatinpre-clearedby incubatingthe sample 20> 3  ind@dbprecipitation(IP)
with50> f 2 T -hgooKed ptaiei® A or protein Gephaose beadsn 1 ml IP buffer
TSE 150, supplemented with complete EBYEA protease inhibitors for 1.5 h at 4°C while
rotating. Thebeads were removed bgentrifugation at800 x gor 1 min. The supernatant
(pre-cleared chromatinjvastransferredinto a new tube20> pre-cleared chromatirwas
used asnput control. The remaimg precleared chromatin was used for the IP reactions
by incubation withthe relevantprimary antibody(Appendix3.) at 4°C overnight with end

over end mixing.

Antibody-protein-DNA complexes wenecovered ly incubation with 50> f 2 F -p m2  LINJ
blocked protein A or protein G sepharose beads for 1.5 h at 4°C with end over end mixing.

Beads wergelletedby centrifugation aB00 x gior 1 min at RT andere swashed once

with 1 mlof IP buffer TSE 150 he beads werthen pelleted by centrifugation at 800 x g

for 1 min at RTand washed with 1 ml dP buffer TSE 500 (0.1% SDS, if6nT2mM

EDIA 20 mM TrissHCIpH 8 and 500 mM NacCl) A third was performed usingl ml of

washing buffe (10mM Tris-HCIpH 8, 0.25 M LiCl, 0.5%/¢) NR40). The final two wash

steps wereperformed usingl mI TrisEDTATH buffer (1 mM BEDTA 10 mM Tris-HCIpH

8). After the washesDNA was elutedrom the beads by the addition 00>t 2 F S dzii A 2
buffer (1% (w/v) S 10mM EDI'A 50mM Tris-HCIpH8),the beadelution buffer mixture

was first mixed byortexing before incubatioat 65°C for 15 miwith shakingThe beads

were then pellet& by centrifugation at 15000 x gor 1 min The supernatant containing

the eluted DNAwas transferred to anew tube. A second elutionwas performed by

76 Chapter 2Materialsand Methods



resuspending the beads ia50 > fTE1% SDS buffermixing using avortex and
centrifugationat 15000 x gThe supernatant from the second elution was then combined
with that of the first elution.Immuno-precipitated was extracted using the phenol

chloroform extraction method described in section 2.6.2.

2.8.4.Quantitative PCRAnalysis

Quantitative PCRIPCRwas performecusing7.5>f 2 F {a2Cl aidixn 9@ DNB
X master mixgioRad, 2> f 2 ¥ Slofll@mMifabvweard primer, 0.6>L of 20mM

reverse primer andPCR grade water (SignéglL G2 | G201t @2t dzyS 27F
were run inat leasttriplicate wels on FrameStar whiteubed (4titude) 96 well plates

Reactions were run on a CFX96 Reaale PCR Detection Systefine data waanalysed
usingBio-Rad CFX Manager 2.0 (Bad)software Typicalcycling condibnswere 2 min

at 98°C (initial denaturation)followed by 40 cycles of 95°C for 5 s and 60°C far 5 s
Reaction specificity was datmined usingmelt curveanalysis Thelevel ofenrichment

was interrogated using 5 specific primers spanning each of RERRESAnd LXN

promoter sequences. Thenrichmentof the sequences byPwas calculated relative to

INPUT{chromatin with nalP) by the following equation

P Q¢ 1) 6 0O¢ 0Q 6 RO P I0Qa 6 RO @E ig
0Qb 6 WS & £ 10Qa 6 QR @E ip Tm

9 Dilution factorl ¢ the number ofiPs that the chromatin is split between i.e. if the
chromatin is split between B the value of dilution factor 1 would be 3.

9 Dilution factor 2¢ the relative size of the input sample taken from the chromatin
ie.ifa20>f &l Yaksh fr the &put from Iml of chromatin then dilution
factor 2 wouldbe 50.

9 Dilution factor 3 the dilution of the extracted DNA that enteitse gPCReaction
i.e. if eluted DNA is resuspended injH®f PCR grade water and>2f A der dzi S R

reaction then dilution factor 3 would be 25.
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2.8.5.Micro-Chromatin Immunoprecipitation

10° ¢ 10° cells were trypsinised, sedimented and resuspendesDioul PBSCelfixation
wasperformedby the addition & 1% formaldehydéo a concentration of 1% (wjvThe

fixation was allowed to proceefibr 10 min at RTThe fixation was then stopped by the

addition glycineto a final concentrationof 0.125 M andncubationfor 5 min at RTThe

fixed cells were then pelleted mentrifugationat 470x g for 10min at 4°CThecells were
thenwashed twice with 50& fce-cold PBS andentrifugedat 470 x gor 10 min at 4°C.
Thesupernatant vas then aspirated so thatonly 20 NB Yl Ay SR 06S¥2NB | R
ul of lysis bufier (50 mM TrisHCI pH 8.0, 10mM EDTA, 1% (wt/vol) SDS, and protease
inhibitors) followed by vortexing, a 5 min incubation on ice and a further vorteXing.
samplewas sonicated usingBiorupter(Diagenode)for 20 cycles of 30 s on 03 off at

maximum power400> f Ra&diimmunoprecipitation assdRIPA buffer (10mM Tris

HGQ, pH7.5, 140mM NaCl 1mM EDR, 0.5mM ethylene glycebisd Jaminoethyl ethen)
N,N,NNQetraacetic acidEGTA 1% (vol/vol) Triton 2400, 0.1% (wt/vol) SDS, 0.1%

(wt/vol) Nadeoxycholate and protease inhibitorsyas added and the sample was
centrifuged at 1B00Ox gformn YA Y G n x/ hromit®) wasdzddwed, | G | y
aliquoted and stored ai80°C.

Due to the very low levels of DNA isolated from small samples, the adequacy of sonication
could not be determined by gel electrophoresis. However, by empdoyofP CRnethod
established byDahl and Collas, 2008)s possible to estimate the level of fragmentation.
Briefly, the DNA was ampéfil In a gPCRreaction usingtwo sets of primers, one set
amplifies a product of 10Bp while the second amplifies a product of 300 ThegPCR

ratio of the 100bp to a 300bp products increases as a function ohiation cycles,
indicating that the mean chromatin fragment size is redgaiith the number of cycles.

This is becausg00bp template is broken at a greater rate than the Xdtemplate, due

to its size.

IPwas performed as desbed in section 2.8.3. however, magnetic protein A or protein
G dynabeadsvere used instead ofepharosebeads as it was found empirically that
dynabeads have less n@pecific binding of chromatin and hence provide a better signal

to noiseratio.
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gPCRanalysis waperformedas described in section 2.8.4.

2.9. Analysis ofProtein Expression

2.9.1.Cell Lysis

Cells werefirst washed once in PBlSefore celtlysis using eitherCytdBuster protein
extraction reagent (Novageryr RIPAComplete EDT-fee protease inhibitor cocktail
was routinely included and the resulting mixture wasubatedwith the cells,on ice for
5 min.The culture surface was then scrapmuld the lysate centrifuged at 4°C at T®0x
gfor 5 min using a Hettich Mikro 220R Centrifuge (SLS)y$aies wereroutinely stored
at-80°C.

2.9.2.BicinchoninicAcid Assay

The proteinconcentration of sampkewasdeterminedusing thebicinchoninic acigBCA
assayprotein assay kifThermo Fisher Scientifi25>f 2 F . { | sanfllésydrd NR &
added to (an individual well each)96 well plate. 20> f g2 NJ Ay 3 NBo ISy
each welland thereaction wasallowed to proceedat 37°C for30 min. Asorbanceof
samples and standards wemeasuredat 562 nm on a POLARstar OPTIMA microplate
reader (BMG LabtechTheprotein wncentrationof unknown samplesvas determined

by interpolationfrom the standard curve.

2.9.3.Sodium DodecySulphatePolyacrylamide GellEctrophoredss

Celllysateequivalent to 20> 3 2 T wviaitNmixedin &1 ratio with 4 x SDS loading
buffer (10% (v/v)glycerd, 62.5 mM TrissHCIpH 6.8, 1% (w/v) S 65 mM DTT and
bromophenol blue)Mixing was performed usingvartexfor 10 s andvas then incubated

at 100°C for 15 mirusing aGrant QBD2 heating block (Gran§amples werdhen
vortexed to mix befordoading onto a 812% TrisSDS acrylamide gel, cast using the Bio
Rad Protean Il systenThe gel was theand run at 100 W 1 x SDS running buff@5

mM Tris-HC] 0.19 M glycine ah3.5mM SDS). Biotinylated (Cell Signalling Technology)
and Kaleidosque (BioRad)molecular weightladders were runalongside samples to

allow sizing
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2.9.4. Western Blot

Methanol was used to activate Immobiléh membrane which was themashed with
distilledH.O and egilibrated in transfer buir (48 mM TrisHQ, 39 mM glycine and 10%
(v/v) methanol).Proteinswere transferredfrom the gel to the membranat 100 V for 2
h. After transfer, the membranesvere blockedby incubation with5% (w/v) norfat
skimmed milk (Marvelyolutionfor 1 h at RT The blocking solution was theamoved
andprimary antibog/in a1% Marvebolution was added. The binding of primantibody
was performedRTfor 1 h The primary antibody solution was then removed and the
membranewaswashed three timesisingTBST150mM NaQ, 50 mM TrisHCI and 0.1%
(viv) Tween20 at pH 7.4). Next, Peroxidasdabelledsecondary antibodieat a dilution
factor of 1:10,000(Cell Signalling Technologies/Boehringe§% marvel were addezhd
allowed to bid by incubation at Ror 1 h. The secondary antibody solution was then
removed before thenembranewaswashed four timesisingTBSTPeroxidasesubstrate
(Roche) was then added to the membraneLuminescence was detected using

GeneGnome XRQ Chemiluminescence im&g@gene).

2.9.5. Proteinlmmunoprecipitation

2x1C cells were lysed with RIPAdprecleared with antkeratin conjugated sepharose
beads All Pswere performed using preonjugatedanti-HA conjugatedepharoseébeads
(9gma) The resulting precipitation was washed 5x with high salaiRBBOmM NaC) to
remove nonrspecific binding proteins. Interacting proteins were eluted with Laemmli
buffer with the addition of2-Mercaptoethanol The resulting eluate was either analysed
by westernblot as previously described or by mass spectrometry which was performed

by the technology facility at th&niversityof York.

2.10. Protein LocalisationAssays

2.10.1. Immunofluorescence

The culture surface formmunofluorescence wafDBiocoat collage#t-coated for

primary cells. When cell lines were to be analyB&sFalcon uncoate®-well chamber

slides (BD Bioscienospre used. 80>t OSff &ddzALISyairzya 6SNB
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at 2-5 x 1@ cells per well and incubated at 37°QiltGre mediumwas then removed

before thecells were washed twice with PBSells were thefixed with200>f 'z 0 6k D0
paraformaleehyde pH7.4 for 20 minThreewashes wergerformedafter fixation each

with 500 > bf PBS for 3nin. The cells were then permeabilised with®3>l 0.5% (v/v)

Triton %100 for 25min. After permeablisation, @lls werewashed3 times with PBS

Blocking was done usingth 200>t  M/E: o0 @k @0 3I2F G aSNHzy RAf dzi
30 min The sample wathen incubatedn the presence gbrimary antibody dilutedn 1%

BSA in PBS fohlBefore incubation with secondaantibody the cellsverethenwashed

three times with 506> f t . fnin. Z0R >NOf gecondary antibody diluted in 1% BSA in

PBSvas then added and allowed to incubate #& minat RTNext, thecells were washed

three times using00> f  with % min incubation per washThechambers werghen

removed from the slideand Vectashield mounting medium witdQ5-diamidino-2-
phenylindole(DAP) (Vector laboratoriesyvas added to the cellsA coverslip (SLSyas

then placed on top of the samplavhich wassealed withnail varnish.Analysiswas

performed using Nikon Eclipse TE300 fluorescent microscdjkon) or a LSM T2meta

confocal microscope (ZeisByimary antibog dilutionsused for immunofluorescence are

listed in (Appendix 2). Secondary Alexor 488 or 568 goat antiabbit or goat anti

mouse IgG antibodies (Invitrogen) weyically used at a dilution factor 4£20Q

2.10.2. SubcellularFractionation

Nucleocytoplasmidractionation of PC3, PC3M, 2@2ll lines and primary cells was
performed usinfNEPER Nuclear and Cytopiais Extractiorkit (Thermo Fisher Scientific

and according to the maful O dzZNBa Q LINR (G202t d / Stft,a 6SNB
washed once with culture medium and then once with PBS BRGk gorS5YAY i nx/ &
The pellet wasesuspended in inl PB&nd transferred to a 1.5 nmhicrocentrifuge tube

and washed once more in PB3e supernatant was timeremoved and the cells were 1e
suspended in iceold CER buffer (supplied as part athe kit) with protease inhibitors.

The sample was thewortexed vigorously on the highest setting for 1before being

incubated on ice for 10 mircecold CER Ibuffer (supplied as part of the kityas then

added to the sample which waken vortexed for 5.sThe sample was then incubated on

ice for 1 minand was then vortexed for S5kzefore being centrifuged at6000 x dgor 5

min atn x Th® top 90% of the supernatant (cytoplasmic extract) to a clearcipitked

microcentrifuge tube this is the cytoplasmic fractidrhe final 10% of the supernatant
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was then removed and discarded and the pellet wasugspended in inl of icecold PBS

and centrifuged atl6000 x gor 10minatn x / G KS &adzZLISNYF Gl yd o1 a |
pellet was suspendeth icecold NERbuffer (supplied as part of the kityith protease

inhibitors. The sample was themrtexed for 15 @nd incubatedon ice for 40min with

vortexing every 10nin. The sample was the centrifuged 88000 x gor 10YAY | &G nx/ @
The top 90% of the supernatant (nuclear extract) was then transferred to a clean pre

chilled tube. Both nuclear and cytopftag fractions were stored aB.
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3. Development and Validation ba qPCRIest for Simultaneous Detection of AR
Amplification and X Chromosome Aneuploidy

3.1.Introduction

As discussed in sectidn3.6.GAAR habeen detected in up t@0% of CRPC®f which

30% of these hawa high level amplificadin 6 x aapiesper cell) (Visakorpi et al., 1995,
Waltering et al., 2012)In contrast,the prevailing consensus is thAR amplification
represents a veryare event inADTFnaive CaPRe.g.in only2 out of 205casesn a study by
(Bubendorf et al., 1999)ere positive for GAAR his view has recently beamallenged

by (Mersonet al, 2014 who showed, through extensiviFlISHexperiments, that very
small foci of cells with Xhromosomeaneuploidy(XCA)nd/or locus specific GAARXK
cnn YYZI Xm: 2 FFigidRYvedzNksgn?in maiedts)(33 out of 28hses
examined (12.6%) of Gleason 6 cancers) with low grade disease, who had not undergone
hormone deprivatiortherapy €ig.14.) (Merson et al., 2014)Therefore GAAR could be

the result of evolutiorof CaP in direct response to the selection pressure of ADT leading
to the specific clonal expaion of verytheserare clones(Saraon et al., 2011, Merson et
al., 2014)

GAARand/or XCA is associated with reduced survidaimonstratedby (Merson et al,
2014),this studyshowed that patients vihh small fociof tumour cells withfour or more
copies of the X chromosom€at 4)had a hazard ratio of.92 @5%confidence interval
(Ch=2.50;25.13)and patients withsmall fo@al tumours cells containingpecific AR gene
amplification(Cat § hada hazard ratio 05.08 (95% Cl=1.8%3.95)comparecdto patients
with a single X chromosomend no amplification of théAR gene (Cat 1). This dramatic
effect on survival can be seén (Fig 14C). However, GAARas be@& shown to predict
the patients who will respond to HecondlineQcombined androgen blockadee.
combination of androgelantagonistand androgen synthesis inhibito(®almberg et al.,
1997) The androgen signalling axis is presdri® be intact, but wih a lower threshold

of activation in these patients.
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Fig. 1. ARAmplification and XChromosomeAneuploidy can be Detected in
Small Focof Hormone Naive CaF umoursandis Associated withPoor
Prognosis.

A. Definition of the five categories (Cath) of ARand X chromosomeopy
number alterations. Catd representsof increasindevel of X chromosome
aneuploidy Catbis defined bytlocusspecific amplification of ARith or
without X chromosome aneuploidfumours were scoredby counting the
Green(probe is specifioata regionl.15 Mb upstream of ARBlue(probe
specific to theAR geng Red(probe specific to a region OMb downstream of
AR andsignalsCatl contain a singlé chromosome and AR gene. This is
visualised asingleand overlapping &en, Blue and Red signa¥hich
correlated with an X chromosome centromere probe (not showh)s normal
pattern wascounted as 1:1:1. X chromosome aneuploidyas inferred when
multiples of this pattern were seen (Cgi e.g. 2:2:2:2 repreents two copies
of the X chromosomeA Cat5 amplificatiorflocusspecific gain of ARyas
defined as a unequalaccumulatiorof the probes e.g. a 1:2:2:1 pattern
represents a single X chromosome with a duplicatibthe AR gendt was
found thatamplifications could involve all thrgarobes orjust multiples of
adjacentprobes.Exclusive amplification of tH&lue probewasdetected | this
study.

B. Whole TURPblock sectionsnalysed by FISH for AR and X chromosome
accumulationsYellow regions are positive for a Cat2 X chromosome
amplification, Orangeegions are positive for a Cax3chromosome
amplification Blue regions arpositive for Cat4X chromosora amplification
and Red regions are positive for a Cat5 lespscific amplification of the AR
gene.Grey regionsre not positive for CaP (determined by histological
analysispnd were not scoredyellow and green circles indicate positions of
the 600>m diameter cores taken from areas of tumour and normal,
respectively, for TMA construction. Blue and red arrows highlight the smal
foci of Cat4 and Cat5 tumour, respectiveh allpatients analysedCaP foci
that weredesignated as Catbere less than 1% of the wheldock tumour
area.
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The ability of clinicians to stratify patientsccording to their likelihood of responding to
2" line androgerblockade is likely to have several clinical and economic benefitse
major benefit in terms of patient outcome would be in the timing of optimal therapy i.e.
if a patient is unlikely to respond tddine androgen blockade, then a chemotherapeutic
regmen can be implemented immediately rather than waiting féf ne androgen

blockade to fail.

Since the formation of the National Institute for Health and Care Excellence (NICE), to
govern the use of therapeutics in the UK National Health Service H#)e healthcare
reforms due to occur in the USA, the economics of cancer therapy must now be
considered, e.g. themcremental coseffectiveness ratigCerri et al., 2013)An affordable
assaythat predicts patient response td'?ine androgen blockade would enable datiains

to justify the use of higltost therapies, such as Abiraterone and Enzulutamide in a

particular group of patientthat are likely to respond i.e. those with GAAR

Detection of GAAR is mostommonly performed using=ISH. This technique has
limitations however, as is semiquantitative and subjective. A report highlighted these
inadequacies when determining genomic amplificat{@tbertson, 2012)in which it was
shownthat the differing results between groups were clearly the result of fi$facts
specifically the detection dDestrogenreceptor alpha(ESR)Ltranscripts confimed by
RNase treatment eliminating these sigis(Albertson, 2012)

An alternative method to identify GAAR is genomic sequencing. While this approach is
likely to reveal a lot of additional information, which may aid patient care and guide
treatment options, it is at present prohibitivelgxpensive. Even though the cost of
genomic sequencing is falling year on year, a 10 times coverage of the human genome,
(which is required to accurately sequengeth alleles in 90%f human genesfrom 25

base pair readsusingshotgun sequencingvouldcost in the region of $5,000 per patient
(Cho et al., 2012)A lowercost sequencingtrategy would be to use targetesequencing

of AR alleles However this approach would not provide the additional information

generated by wholgenomesequencing.

The most appropriate platform for accurate and ceffiective detection of genomic copy

number variatios is qPCR. As such several asdayshe detection ofARcopy number
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variations are commercially available, such as TagMan® Copy Number Assays (Life

¢ SOKy2t23ASaunsd | yR lj.A2YIl NJPS NI2/¢S5IES NIE dzYo KSNJ S!
AaKSETQ aarea | NB y2i wajle)iKicportadt 6 SdteNbat A YA G |
these assays do not include a n@aPassociated Xhromosome normalising gene as

standard, and are thus unable to discriminate between specific GAAR and amplification

due to XCA, which is common in prostate car{Bgothman etal., 1994)

In this chaper a gPCR method has been developed tloe detectionof locusspecific
GAAR as well asCA furthermore, it is capable ofliscriminatingbetween thesegross
genetic changedt is specific, sensitivegmenable tchighthroughput screeningndless
time-consuming than FISKhilst retaining the ability to resolve minor cell populations in

a heterogeneous biopsy. It could provide an affordable and effective means for
identifying patients witi K Aisk diseas@It also haghe potential to aidrriagingof CaP
patients (through theranostic evaluationgs disease progresses from a hormone
responsive and nometastatic phenotype to castratieresistant, metastatic disease.
Aidingthe selection of the most apppriate treatment from themany options available

(Fg. 15.), in a timely manner, to improve patient outcom@deidenreich et al., 2013)
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Fig. B. Current,Ongoing, andruture Landscape in theManagement ofCastration-

ResistantProstate Cancer.

Depiction of the various treatment choices as CaRymsses from a hormonreaive
non-metastatic, asymptomatic disease to a metastatic CRPC phenotype.

Drugcolour key: green = US Food and Drug Administration/European Medicines
Agency (FDA/EMA) approved; light greguositive trial results in higkrisk pdients
but the compound is noapproved; orange sompletion ofphase 3 clinical triakith

positive resultsblue = prospective, randomized, phase 3 clinical tompleted,
results awaited; purple = promising agent

From:(Heidenreiclet al., 2013)
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3.2. Premise of thé\ssay

The assay is composed df¢e gPCR reactions using primers specifié\® DMD and
GAPDHyenes. The locations of these genes on their respeahromosome are shown
in (Fig.16.). The GAPDHyene is used as a somatic chromosome control to wARBNd
DMDcopy numbers can be normalised to. Additionally the copy numbefARfcan be
normalised to bottGAPDFindDMDgenes, this allows distinction between loesgecific
GAAR athARgain due to XCA.

TheDMDgene was chosen as a good control gene to analyse XCA as after an exhaustive
literature search rfot showr) it was found to be not implicated in CaP initiation,
susceptibility, maintenance, expansion or metastasis. Al#located far from theAR

gene so is highly unlikely to be included in a spesiRamplification.It could be argued

that several genes on the X chromosome should be utilised as X chromosome control
geneshowever, this would lead to an increase in agpreparation, sample usage and

analysis time, without providing amgiore information.

When ARcopy number is normalised tAPDHopy numbeyfemale DNA shows twice
the complimentARrelative to male DNAe. male DNA = 1 copy ARdividedby 2 copies
of GAPDH: 0.5 relative ratioFemale DNA = 2 copies ARdivided by 2 copies dbAPDH
=1 relative ratio. When samples arermalisedto both GAPDFind DMDcopy numbers
both male and female DNKWave equal relative ratios &Ri.e. male DNA €1 copyAR
divided by 2 copies db6APDdivided by (1 copy ddMDdividedby 2 copies oGAPDM
= 0.5/0.5 = 1. FemaleNA = (2 copies &Rdivided by 2 copies dEAPDMdivided by (2
copies ofDMDdivided by 2 copies dBAPDK= 1/1 =1 This has the effect of elimating

any ARcopy number gains which are due to XCA.

All primers are located within either an intronic region or eswinon junction within their
respective genes (sequenceNppendix2.). This precludes any unintended amplification
of MRNA spees. In the case of th&Rprimers they were designed to amplify the junction
between introntwo and exontwo as well as the majdsi of the short exoriwo (Fg. 17.).
This is of importance because exwro encodes part of the DNBAinding domain dbwing
detection ofWTand mutantARgenes which are most commonly corrupted in the ligand

binding domain.
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Fig 17. Location of AR Primers

Modular structure of the AR gene and proteihe approximate locations of the
forward and reverse primers used in the assay are shown in red.

AF=activation function AR=androgen receptarDBD= DNAbinding domainLBD=
ligandbinding domairand NTD=amino-terminal domain

Adaptedfrom: (Lorenteet al., 2015)
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3.3. AssayVork-How

This section describes in brief hayenetic material from asample is pepared and

analysed.

Any human BNA is compatible with the ass@2NA from cell lines, primary cultures and
lymphocytes can be extracted using Qiagen kits or phehlaroform extraction. When
analysing tissue samples either frozen in @CFFPEIt is necessary to ensure that a
cancerous lesion is present in the tissue section from which DNA is extracted. This is
achieved by serially sectioning the tissue and perfornmagmatoxylin and eosi(H&B

stainng on flanking tissue slices (Fig.).

Once the DNAwas extracted it was amplified using primers specificABR DMD and

GAPDHjenes according tde cycling protocols ifTable. 4).

Certain control samples were analysed on every run of the dssaysure the assay was
performing consistentithese were normal male DNA, normal femaldland VCaP

DNA. Comparison of male and female DNA ensured that the assay was sensitive enough
to detect the extra copy of both thARand DMDgenes whit the V@P DNA was utilised

as a positive control for GAAR. Whege possible patient lymphocytes wereanalysed
alongside the primary tissue, culture or xenograft tissue. The assay also incorparate

standard curve of normal female DNi#\enableabsolute quantification

Annealing ang
Extension | Number

Temperature | of Cycles
(°C)

Melting
Target Gen¢ Temperature
(°C)

AR 98 58 38
DMD 98 58 38
GAPDH 98 58 38

Table 4. gPCR3yclingConditions for AR, DND and GAPDRrimers
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Fig.18. Preparation ofGenetic Material for Analysis of AR, DMD and GAPDH
Gopy Numbers fromTissueSamples

Asample of the patient or xenograft tissue is taken either through biopsy or
direct excision from whole tumouihe sample is then prepared for histologic:
sectioning by either preservation by freezing in OCT or by formalin fixing an
paraffin embedding. Once the sample has been mounted it can then be seri
sectioned. Flanking tissue slices are used to ideatifgncerous lesion by H&E
staining. Once an area of cancer has been located it can then be further

processed to extract the genomic DNA (gDNA) by either Qiagen kits or phel
chloroform extraction. Once the gDNA has been extracted the copy number
AR, DND and GAPDH genes is elucidated by gPCR using gene specific prin
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3.4. Results

3.4.1. SemiQuantitative Analysis of AR Copy Number in Male and Female Genomic
DNA by PCR

A pilot study was performed using standard PCR on male and feyjaatanic DNA (10

ng) using primers specific fé&kRand GAPDHFig.19.). Both 25 and 30 cycles were
investigated to increase the chance of seeing an unsaturated reaction. 25 cycles did not
yield any visible DNA bands (FI§A. lanes 914). 30 cycles yielded no bands in the non
template control {ve) lanes, faint bands of in the AR lanesdapanded view is shown in

(Hg. 19C) for clarity) which correspond to the expected AR PCR proaudtelatively

bright bands in the GAPDHies which correspond to the pgcted GAPDH PCR product
(Fig.19A).

The gel image was analysed using ImageJ softweselts ofthis are tabulated in(Fig.

19D). The area under the curve was used to comgptne copy number oARbetween

male and female DNA once normalised38PDHFig.19E). This analysis gave a 1.44 fold
difference in AR copy number in female DNA compared to male DNA. An expected value
for this analysis is a fold differencetafo, representing thawo X chromosomes present

in females versus the single X copy in males. A potential explanation for this discrepancy
is that the increased products in the female DNA reaction may have inhibited said reaction
causing a plateagparticularly in the GAPDH reactionshdditionally measuring band
intensity by densitometry has inhereninaccuracies i.e. drawing around the band and
unequal brightness across the bamhich also contribute to this method being semi
guantitative. However this glot study confirmed the feasibility of the project and allowed

the progressiato qPCR.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1 100bp Ladder
2 -ve AR 30 cycles
3 AR 30 cycles
4 ~ AR30cycles
5 -ve GAPDH 30 cycles
. 6 GAPDH 30 cycles
- — 7 = GAPDH 30 cycles
20 — 8 BLANK
9 -ve AR 25 cycles
10 AR 25 cycles
11 = AR 25 cycles
12 -ve GAPDH 25 cycles
13 GAPDH 25 cycles
14 = GAPDH 25 cycles
15 100bp Ladder
D
| sawee | A
< AR 30 cycles 682.113
= AR 30 cycles 1033.305
< GAPDH 30 cycles 3394.326
) GAPDH 30 cycles 3565.79

E AR band intensity normalised to GAPDH intensity

? 0.289783
3 0.200957
Fold difference NA 1.44

Fig.19. SemiQuantitative Analysis of AR Copy Number in Male and Female
Genomic DNA by PCR

A. Agarose gel following gel electrophoresis loaded as describéwilabhe legend
depicted inB. C Expanded image of the area of the gel encircled in Eed.
Tabulated data acquired using ImageJ software to analyse the size and intens
the bands in lanes 3, 4, 6 and&f Table of the AR bands normalised to the
corresponding GAPDH bands along with the fold difference between the male
female DNA analysed.
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3.4.2. Primer Efficiency and Species Specificity of AR, GAPDH and DMD$nmer
gPCR

Primers were designed usingetiNational Center for Biotechnology Informati¢gNCB)
primer designing online toolhe following parameters dlie gPCR assay for each primer
pair were validated: efficiency>Ra statistical measure of how close the data &o the
fitted regressim line), presence of nospecific amplifications and species specificity.
Human female DNA was used to generate a standard curve A8i(fag. 20A.), GAPDH
(Fig. C) and DMD (Fig.GE) primers. The starting quantities analysed werenfj03ng,

1 ng, 0.3ng, 0.1ng, 0.03ng and 0.aLng. Melt curves for all primers were also generated
to ensure only a single speciproduct was amplified (FigOB, D and F). Mouse DNA was
also tested using the same primers to determine species specificity at agtgrtantity

of 10ng. Each condition was measured in triplicate.

TheARprimer pair had an efficiency of 97.1% &v&ue of 0.997 and a specig=ecificity
of 5093fold (Fig. BG.). TheDMDprimer pair had an efficiency of 101.4% anwRue of
0.990 and a species specificity of 134@d. TheGAPDHbrimer pair had an efficiency of
101.5% an Rvalue of 0.991 and a specispecificity of 204old. The efficiency andR
values and species specificity of all the primers tested were deemed acceptablthatic

it was possible to proceed to the validation of the assay.
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AR 97.1 0.997 5083
DMD 101.4 0.930 1343
GAPDH 101.5 0.991 2042

Fig. . Primer Evaluation Standard Curve Analysis and Species Specificity

The suitability of eacprimer pair for investigating genomic copy number variation
was determined by generating apbint standard curvérom female DNAovering 4
log units ranging from a starting DNA quantity of 10ng to 0.01ng of ndemelle
DNA A. AR,C DMD andE GAPDH Specific amplification of the target sequence
was assessed by generating a melt peak for each primeBpAR,D. DMD andr.
GAPDH. The species specificity was also determined by comparingnigeol0
Mouse Liver DNA to 18y of normaimale DNAG. Summary of the standard curve
analysis and species specificity for AR, DMD and GAPDH primer pairs. All samg
were measured in triplicate. Analysis was performed usingRBid CFX software.
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3.4.3.Genomic Copy Number of AR and DMD in Human Prostate CataiEines

To validate the assagenomic copy humber AR DMDand GAPDHvere elucidated in
a number ofprostate cancer cell lines. Human female DNA was used to generate standard
curves, and acted as a control together with normal male DARcopy number is

expressed relative t@éSAPDHFig.21A.) or normalised taGAPDHind DMD(Fig.21B.).

As expectediemale DNA had a copy number of 2, A/Rand DMD, whilst normal male
DNA had a copy number df for both genes (FigglA.). Both PNT1A and PNT2C2
(immortalised normal prostate cell lines) had a single copiRdnd DMD. The only cell
line tested thatshowed specific amplification of thRgene was th&CaPcellline, VCaP,
which showed dramatic amplification of approximately 28 fold. In contrast, DU145, PC3,
PC346Qwhich is not derived from PCahd RWPE1 had increased copy numberaRof
and DMD. However, when thdRDMDratio was examined it revealed that these cells
had not specifically amplified the AR gene but had increXseltromosome copy humber
(Fig. 4B.). These results highlight thmportance of controlling for XCAA sinilar level

of AR amplificatioin the VCaP cell lin@as reported byLi et al (2012) who also showed
that LNCaP cells have a single copiR(Li et al., 2012)

One deficiency of this experiment was thaaty poential GAPDHamplificationwas not
taken into account. The majgoalof this experiment was to obtain a positive control of
specific GAAR to interrogate the sensitivatyd accuracyf the assayThis was found to

be the VCafell line.
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Fig.21. AR Copy Number Variation in CaP Qafies

The AR copy number of several CaP cell lines was analysed by normalising the
starting-quantity (SQ)o the SQ of GAPDA or AR to GAPDH and DNeDAII
samples are expressed relativeriormalmale DNA. A foupoint standard cure
(ranging from 1(hg to 0.3ng) wasgenerated from female DNA for AR, DMD and
GAPDHAnNalysis was performed using Bad CFX softwar&he total starting
guantity for all conditions (excluding the standard curve) wag a&nd all samples
were measured iguadruplicate.

Error bars = one stalard error of the mean.

Each sample represents at least 3 experimental replicates each comprising 3
technical replicates.
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3.4.4.Assay Validatiorg, Sensitivity and Accuracy

Biopsy samples display cellular heterogeneity and contain areas of normal fidsge.
could lead to false negative resulgtentiallymaskingGAARN a sample. fie sensitivity

and accuracy of the assay was determined using differing ataaf VCaP and normal
male DNA mixed together to simulate a heterogeneous population. The total starting
quantity for all conditions (excluding the standard curvek\8ag and all samples were
measured in quadruplicate. Human female DNA was used to generate standard curves
for AR GAPDHand DMD primer pairs as previously described. The conditions analysed
were as follows10% \MCaP- 90% normal males% VCaP- 95% normal male2% \CaP-

98% normal male anti% \CaP- 99% normal male. The expected AR copy nemfibr

VCaR; normal male DNA mixtures were calculated and used to investigate the sensitivity

and accuracy of the assay.

The assay succeeded in detegtian ARamplification above normal male DNA in all of
the conditions tested inclding 1% \CaP- 99% normal (Fi®22A.). The achievedRcopy
numbers of d the VCaP normal male mixtures did not deviate significlgnfrom

predicted values (Fi@2B.).

Similar to the cubff threshold in PSA testing a thredtd for GAAR detection was
establishedusingthree standard deviations above thaverage normaAR valueof 23
normal samplegdata not shown)This was done to account for variability of the assay.
Using this threshold@t was possible to generate an equation to determine the minimum
percentage of abnormal DN#equired for detectionof GAARFig 22C). This equation
was used to calculate the minimum percentage of abnormal Elgdiredto detect GAAR

in a heterogeneous sample containing cells withoanmal ARgene copy number (Fig
22D.). The analysiservealed that an AR amplification off@d can be detected in a

heterogeneous sample if only 20% of cells are positive for the amplification.
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Fig.22. Assay Sensitivity, Accuracy and Heterogeneity Limitations

A. Assay sensitivity: the overall AR copy number was measured in various mixt
of VCaP andormalmale DNA, mimicking the dilution of CaP DNA which is likely
occur in a heterogeneous lpey containing normal DNA from origins such as
infiltrating leukocytes, stroma and nemalignant epithelial cells.

B. Assay Accuracy: using the known AR copy humbers of VCaiBramal male
DNA (as determined experimentally) theoretical overall AR oopybers for VCaP
andnormalmale DNA mixtures were calculated and compared to experimental
values.

C. Heterogeneity Limitations: Three standard deviations above the mean AR co
number (relative to GAPDH and DMD) of 23 normal samples was used tonawete
a threshold of significand8AAR detectionThis value was used to generate a
formulaC which would calculate the minimum amount of CaP DNA within a sar
necessary to detect a genomic AR amplification, this is relatithe level of
genomic AR amplification within CaP cells showralsie D.

All conditions were measured in quadruplicate at a starting quanti8ngft
Analysis was performed using B¥ad CFX software.

Error bars = one stalard error of the mean.

Each sample represents 3 experimental replicates each comprising 4 technical
replicates.

F I LYK ppdalp LK 1 @ nsw nossignificant
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3.4.5. Genomi®opy Number of AR and DMD igeveral Primary Qultures ofHuman CaP

and BPH

Human female DNA was used to generate standard curves as previously described
against which several human prostate cancer primary cultures, BPH derived primary
cultures, patient lymphocytes and normal mg@eNA were testedBoth normal male and
normal female DNA are appropriate contredswhich test samples can be normalised to
The total starting quantity for all conditions (excluding the standard curve) wasshd

all samples were measured in quaglicate (data shown ifig. 3A. and B).

As expected, female DNA had a copy number of 2Rand DMDwith normal male DNA
having a copy number of 1 for these genes. The BPH derived cell cultures (H226/12 and
H227/12) and lymphocyte DNA preparations displayed normal valueARand DMD

copy number. None of the primary human prostate cancer derived cultures tested

positively br GAAR.

The importance of contrbhg for XCAvas further highlighted in the sampld4229/12 L,
H229/12 P, H217/12 Rb L, H217/12 Rb P, H110/11HbH10/11 Lb P, H135/11 L, H135/11
P, H224/12 L and H224/12 P. These samples all had a value abovaRcémy number
when normalised tocGAPDHHowever when these values were further normalised by
generatingan ARDMDratio, it was revealed that theseells had not specifically amplified

the AR gendut had instead have XCA
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E AR
E DMD

Copy Number

B AR Copy DMD Copy AR Copy Number:DMD
Sample
Number Number Copy Number
| Normalfemale |  200¢ieuy | 2000ieme | 1.00 (+/-8.315
Normal Male 0.70s/-03m 0:78 . N 0.901+
H226/121 Y Y [ 0.99(+/-011
H226/12P [ voreremy | 209cremn | 0.93+/-0111)
H227/12L | 0.89¢iesny | 0.88erewm | 1.02(+/-0
| wa2zze | aaseesn | vasiienn | 0.77-/i%3
H229/121L 1.26 (/-85 1.24(+/-2.083 1.011
H217/12Rb L 1,60 (/833 1,320/ 0.0 1210
| W217/12Rb P | 199ciemn | 2500 eam | 0.80 +/-57)
H220/121b L |  0.96- I osrirem | 1.05 -
H2o/2wb e | osscies | aaociem | 0880
H110/111b L 1.61 ¢ 1.82(+/-0.101 1130
[ wnomib e | asaciemi | asaceems | 0.781-2101
H135/11L 1.75 (+/-0378 1.83 (+/-0.15 0.96 1+
H135/11P I 1380 | 1S10em \ 0.91 (/0157
H224/121L 1.23 (/0342 1.1 (+/-0.608 1110
W224/12P |  154ciee | 182eiemn | 08aiiomy |

Fig.23. GenomicCopy Number of AR and DMD iBeveral Primary Qultures of
Human CaPand BM.

A. Graphical representation (generated using-Biad CFX software gene expressic
analysis feaire) of the genomic copy number ARand DMDin all conditions
tested. Data shown has been normalised to the control gene GAPDH with value
being expressed relative to female genomic DEAdr bars = one stalard error of
the mean.)

B. Tabulated version of data shown(iig. 23A.) with a further column depicting the
ARDMDratio. Values depicted are meaverages with-/-1 standarderror of the
meanin brackets.
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3.4.6.GenomicCopy Number of AR and DMD iBeveral TissueSamples ofHuman

Prostate Cancer

Human female DNA was used to generate standard curves as previously described
against which several human pragt cancer tissues, patient lymphocytes and normal
male genomic DNA were tested. The total starting quantity for all conditions (excluding
the standard curve) was Bg and all samples were measured in duglicate (data
shown in Fig. 2A. and B).

As epected, female DNA had a copy numbertwb for ARand DMD. However the
normal male DNA showed reduced copy number compared to the predicted value of 1
and previous resultsas suchthe data for this experimeniwas expressed relative to
female DNA.AIso as expected none of the lymphocyte DNA preparations significantly

deviated from the expected value ohefor ARcopy number.

The mportance of controlling for XGAas even further demonstrated in thelO24/10 L,
H027/10 T and HACaPsamples These samples all had a value abowe for ARcopy
number when normalised t& APDHhowever when thesealues were further normalised
by generatingan ARDMD ratio it was revealed that these cells had not specifically

amplified theARgene.
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3-
EA AR

£ bMD

Copy Number

&€
B
sample AR Copy DMDCopy | AR Copy Number:DMD
Number Number Copy Number
Normal Female 2.00+/-0.155) 2.00(+/-0.221) 1.00 (+/-0.272)
Mormal Male 0.87 +j-0.127 111 +f-0.m) 0.781+/-0.152)
HO24/10L 1.18+/-0.053) 1.27 j+/-0.059) 0.93 {+/-0.083)
HO42/07 L . 0.92 +/.0.085) 1,12 +/-0.089) 0.82(+/-0.02%)
HO42/11L 1,06 (+/-0.106] 1,20 +/-0.420) 0.88 [+/-0.169)
¥019/09L 0.90+/-0.146) 1.22 +/-0.188) 0.74 (+/-0.233)
Y019/09T 1.68 (+/-0.122) 1.22 +-p141) 1.38 (+/-0.185)
HO27/10T 1.23 j+/-0.162) 1.61 (+/-0.114) 0.77 (+/-0.15%)
HACaP T 1.73 {+/-0.145) 1.61 (+/-0.154) 1.07 {+/-0.215)

Fig. 2. GenomicCopy Number of AR and DMD iBeveral TissueSamples of
Human CaP

A. Graphical represntation (generated using Bigad CFX software gene expressic
analysis feature) of the genomic copy numbeA&and DMDin all conditions
tested. Data shown has been normalised to the control gene GAPDH with value
being expressed relative to female genic DNAError bars = one stalard error of
the mean.)

B. Tabulated version of data shownAnwith a further column depicting the
ARDMDratio. Values depicted are meamns1 standard error bthe mean in
bracketg.

Each sample represents 3 experimental replicates each comprising 3 technical
replicates.
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3.4.7. Analysis of 10 Blinded&ples - Independently Assessed for AR Alification
Using FISH
To test the ability of the assay to detect samples known to be positivé&sfoAR 10

samples, which had been independently screened¥8AR using FISH, waigsessed.

The total starting quantity for all conditions (excluding tharstard curve) was 8g and
all samples were measured in quadruplicate. Human female DNA was used to generate
standard curves foAR GAPDHand DMD primer pairs as previously described. Copy

numberwasexpressed relative t&GAPDH

SpecificARamplificaton (indicated byan ARDMDratio greater than 1) was detected in
all samples that tested positive using FISHCBLuCaP 35, H, and | (FBA.225B. and
25C). LuCaP 41, D and E shoveéslvatedARcopy number (Fig.53A. and 25B.) however
in thesecases there was a concurrent and equal elevation inOMD copy humber. As
previously described, th phenomenon indicates that X@Ahe mechanism dhcreased

ARgenein these samples.

(Linjaet al.,, 2001) previously demonstrateCA h the LiCaP 35 xenograft indicated by
multiple green signals (label for X centromeréR)is is consistent with the increase in
DMD copy number detected byHE gPCRmethod. Personal communication with
ProfessoVisakorpiconfirmed that the level oARamplification seen in these samples
was consistent with theirIBH analysisHowever, it was alsoommunicated that focal
amplifications ofARthat exceed 10 copies are difficult to enumerate by FISH as the

fluorescentsignals from theARcopies (in close proximity to orenather) merge.
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AR Copy Number

AR Copy Number Relative to DMD and GAPDH

N
%Q
\\°§
Sample
B
sample AR Copy DMD Copy AR Copy Number:DMD
Number Number Copy Number
Female 1.87 (4101301 2.01 (+/-0.31) 0.93 (+/.0.253
Male 1.00,+/-0.028) 1.00(+/.0.99) 1.00+/-0.10
LuCaPal | 336, 4. 2.31 (/- 0a73) 1.02 (/5,270
B | 22520020y 3.03 (o0 788203
C 5.13 [+/-0.693 1.74 (o/-0.209) 2.95 4/ 073
D 1.95 +/-0.157) 1.04 0/ 0.23)
E 143 /001y 1.14 -/ 015
LuCaP35 | 39 07 ./ oee 4.29 (2050,
LWCaP 73 | 114,015 0.98-/.5.108)
H 9.97 1+/.0.653) { 2.58./.0.600)
| 4,27 (o014 2.36 [+/-0.153 1.8 +/-0.758)
] 1.26+/.0.185) 1.13 (o005 1,10 o/-0.20)

Fig. 5. GenomicCopy Number of AR and DMD in Clinical Samples apell Line

Xenografts.

A. Graphical representation of the genomic copy numberAdt and DMD in all
samples tested. Data shown has been normalised to the control GaxietDHvith
values expressed relative to male genomic DNA. Error barstandard error of the
mean Insert isdualcolour FISH analysis of prostate cancer xenograft LuCa
showing two chromosome X centromeres (green signals)yAdrausters (red signals

Insert adapted fromLinja et al, 2001)

B. Tabulated version of datahewn in figure BA. IncludingARDMD ratio. Values

C

AR Amplification
(FISH)

LuCaP 41

B

Cc

D

E
LuCaP 35
LuCaP 73

H

I

]

x
¥
v

4 4 K % X %

®

depicted are meangt/-1 standard error of the mean in brackgts

C Table showing the results of independent analysis of the amplification status ¢

samples testd, assessed using FISH.

F oI

Each sample represents 3 experimental replicates each comprising 3 technical
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replicates.
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3.4.8.Analysis of X Chromosome Aneuploidy and AR Amplification in Nestrent
Xenografts

Recently our lab has derived several npatient xenograff(PDX)models derived from
different stages of CaP includitgprmone naive, brmone responsiveand CRPC (Fig.
26B.) This sample set was investigated for the frequency and natB\8R and XGA
comparison wilh patientspecificlymphocyte DNA (Fig@6A.).

The total staring quantity for all conditions (excluding the standard curve) wag and
all samples were measured in quadruplicate. Human female DNA was used to generate
standard curves foAR DMD and GAPDHprimer pairs as previously described. Copy

number isexpressed relative tGAPDH

GAAR was detected in two samples namely; H427X and H455X. However, upon closer
analysis it can be seen that the nature of these amplification events is diffeetween
the two samples (Fi@7.). H427X has an equamnplificationof ARand DMD sequences.
In contrast, H455X has elevat@&dRover and above the increase DMDwhich itself is

significantly different compared to normal male DNA.
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AR and DMD Copy Number Near-Patient Xenografts
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PDXID | Pathology Pathology | Hormone Patient
(at engraftment) (TRUS) Status (at Outcome
engraftment)
H460x Hormonal effects T3, (2002) HR Rising PSA
H493x Hormonal effects G4+5,n1,b | HR Stable
1,T3b disease
H427% Hormonal effects Ga+5, bl HR Advanced,
but stable
Y019x Hormone effects Ga+5 CRPC
Y018x Hormone effects CRPC
H455x% Hormonal /CT b1 CRPC Progressive
effects disease
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Fig. . GenomicCopy Number of AR andDMD in Near-Patient Xenograft
Models

A. Genomic copy humber oAR and DMD in patientderived xenografts of
prostate cancer. Data has been normalised to the control g8A®DHwvith
values being expressed relative to male genomic DNA. Error Hastandard
error of the mean

B. Pathology data for the negratient xenograft models at engraftment.

HR = hormone responsiv€ERPC = castration resistant prostate canGe =
Gleason scoreN1=metastasi¢o lymph nodesT3=locallyadvanced prostate
caner, bl =metastasigo bones

Each sample represents 3 experimental replicates each compfisaupnical
replicates.
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Fig. Z. GenomicCopy Number of AR anddMD inNear-Patient Xenograft Models
Relative to Patient Lymphocyte DNA

Genomic copy number oAR and DMD in xenografts H427 and H455 ar
corresponding lymphocytes. Data shown has been normalised to the control
GAPDHwith values expressed relative to patielymphocyte DNA. Error barsl=
standard error of the mearA. = H427)8. = H455X

Each sample represents 3 experimental replicates each comprising 4 technica
replicates.
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3.4.9. AssayCompatibility with Formalin-Fixed ParaffilEmbedded Tissue

FFPBamples represent the most common form of patient tissue preparations within the
clinic. Additionallythere are a tremendous number of FIE samples in hospital archives.

In order for this assay to have maximum applicability, it is necessary for the assay to
function properly using DNA extracted from FFPE tissue as template. This represents a
challenge as DNA extracted from FFPE tissuéeis of poor quality compared with DNA

extracted from fresh or fresfrozen samples.

Initial validation was performed using the ckhe VCaP, as the assay was established
using this cell line and it has a langegnitudeGAAR VCaP cells were clotted eelHree
human bloodplasma and then either formalifixed and paraffirembedded or frozen in
OCT. DNA was subsequently extracted filelRPE/CaPOCT VCaP arfdesh VCaP cell
pellet. When DNA from all three preparations was interrogated, no sizdissignificant
difference was observed with respect #&drand DMD genomic copy number (F2g8A.).
The ability of the assay to function in FFPE tissue was also investigatechieampmtient
xenograft modelg§H427X and H455X), and again no sicgmifi differences between DNA
extracted from fresh cell pellet and FFPE tissue (with respe&Rand DMD copy

number) was seen (Fig8B. and C).
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C Copy Number Relative to GAPDH,
Normalised to Patient Lymphocytes
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Fig.28. AssayCompatibility with FormalinFixed ParaffilEmbedded Tissue
Samples

A. Genomic copy number &RandDMDin the VCaP cell line in freshly isolated ce
those embedded in OCT, and FFPE

B.Genomic copy number ¢RandDMDin PDX sample H427X.
C.Genomic copy nutver of ARand DMDin PDX sample H455X.

Data shown has been normalised to the control gga&PDHwith values being
expressed relative to male genomic DNA (VCaP) or patient derived lymphocyte
(H427X and H455X). Error bark standard error of the mean

Each sample represents 3 experimental replicates each comprising 4 technical
replicates.

ns = norsignificant
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3.5. Discussion

CaP is @én a clinically irrelevant disease with many patients dying with CaP rather than

as a result of CaPSwanson and Basler, 2010)his has led to unacceptably high
overtreatment in which patients undergo surgery (with all associated risk§)R Wt A ¥ S

I £ G S NJeffedt® Inark &Rt to curb overeatment of CaP by radical prostectomy,

an approach af Sy GSNXYSR Wgl 6OKFdzA é6FAGAYITQ A& SYlI
repeated PSA screening and biopsies to ensuredhadtient is only operated on when

the disease is likely to progress into a potentiaHifeeatening form i.e. grade 4 cancer

or escape from the capsu{&wanson and Basler, 2010)

The rationag¢ for an GAARest is that by poviding a molecular interrogation of one of the

most fundamental genedor CaP progressiondzNR f 2 3A 4G4 Q 66 KA OK Y2
morphological changes in the CaP to determine the likelihood of disease progression)

could use this assay to identify patients @sk of disease progression and stratify them
accordingly. Also the assay can be used to monitor disease evolution in response to
therapy i.e. progression to incurable CRPWs is of particular relevance @snja et al,

2001) demonstrated that GAA®Rrrelated with AR expression.

Evolution of cancer to acquirtreatment-resistant phenotype through the mechanism

of gene amplification is a wedistablished phenomenonfor instancemethotrexate

(MTX is an important chemotherapeutic for the trement of acute lymphoblastic
leukaemia (ALI(G0ker et al., 1995While complete remission is seen in the vast majority

of patients (upwards of 90%) this is often folleavby relapse, with the recurrent cells
posessing a MTX resistance phenoty@&ker et al., 1995)This situation has several
parallels with that of CRPC emergence following ADT treatment of CaP. Not least of these
parallels is the most common mechanism Which resistance is acquired gene
amplification.In ALLhe gene in question @ihydrofolate reductase (DHF6ker et al.,

1995, Srimatkandada et al., 1983he protein encoded byhis gene is the therapeutic
target of MTX in ALL. The amount of MTX required to achieve inhibition of the DHFR
enzyme is directly proportional to the level of DHFR expression in target cells. Several
MTXxresistant cell lines have increased levels DHFR actiuyto gene amplifidéon and

it has also been shown that even ldevel genomic amplification {2 copies/cell) is
sufficient forcells to showMTX resistance in Al{Goker et al., 1995, Srimatkandada et

al., 1983)It should be notd that the MTX resistance by DHFR amplification is not exactly
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equivalentto AR amplification in response to ADT as the former is basetpetitive

inhibition of DHFR whilst théatter is based on a reduction éfRligand(s)

3.51. A gPCRAssay Capable of Detecting AR Amplification in a Variety of
HeterogeneousBiologicalSamples ha beenluccessfullyEstablished

The rationale behind sing gPCR to identify genomic amplification of tARgene has
been verified. This was most rigordyslemonstrated by the repeated ability to achieve
the predicted AR genomic copy number differencetvad, between male and female
DNA. Further demonstration of the techniq@eability to detect genomic amplification of
the AR gene comes frotie ability to determine the high numbers gARcopiesin the
VCaP cell line 26.17 (4/.797) (DK n)@tch i@ known tdhe GAAR positiv@Valtering

et al., 2012) This is in contrast to the LNCaP cell line which has acquired castration
resistance through a mutation in the AR gene to produce a constitutively active variant
(Waltering et al., 2012)

ThegPCR based assay isiséive, accurate and comparable to FISH when using primary
Gdzy2dzNB | yR ESYy23aN} Fid &b YLX S&ad /[ 2dz)x SR
amenability to high througiput screening and obijectivity implies that this assay could
prove useful in a clinicaletting to ascertain GAAR and X§Atus of a patient and thus

help patient triaging in CRPC.

The inclusion of a further control gene in the formli¥Dhas proven essential in order

to discriminate betweeGAARand XCA Thisvas showrin the following sampls RWPEL,

DU145, PC3, PC346¢c, H229/12 L, H229/12 P, H217/12 Rb L, H217/12 Rb P, H110/11 Lb L,

H110/11 Lb P, H135/11 L, H135/11 P, H224/12 L, H224/12 P, HO24/10 L, H027/10 T,
HACaR.uCaP 41, D, E, H427X and H455X.

None of the primary cell cultures derddérom human CaP showed a specific amplification
of the ARgene. This result may be attributed to the culture conditions used in the
generation and maintenance of these celshich aredevoid of androgensAs such,
current cell culture conditions may belscting against the survival of cells positive for
ARamplification Additionally many of the samples were from early CaP or from those
that had not been on lorterm ADT It is possible that there are some rare cells in the

cultures which have GAAR kare belowthe level of detection
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The data accrued from the primary tissue samples only yielded one sample that tested
positive for a very modest increase in AR copy number naiv@l9/09 T. Thisample
wasfrom a tumourbiopsythat wastakenfrom a patient that had relapsed post ADT thus
is CRPQn order to ascertain the significae of this result, a total of 2Bormal sample
data sets, each of which being a mean of at I¢laste replicates was used to determine
a threshold for significancé\ threshold othree standard deviations above the mean of
these normal samples was determined (data not shown) this equalké The corrected
ARcopy number for YO19/09 T was 1.380t186).Subtracting the standardrror of this
sample from the mean value results in a value of 1.194, this ib@istvthe threshold
for the existence 0GAAR It is most noteworthy that the DNA preparation of this sample
(and the othertissue samples tested)ag performed without any targeted cancer cell
enrichment. Within a CaP tumour there are still normal glands andmalignant stomal
cells, furthermore there areften infiltrating leukocytes present withintamour. These
normal cells may have diluted out the cancer cells and as a resuililhavemasked the

presence of GAARIthin these samples.

In terms of sensitivity, the assay was also able to detect the presenc&sdfrom a
mixture of normal and abnormal DN¥g. 1% VCale 99% normal male DNA mixture (Fig
22.). Using thethreshold of detectiora formulawas generated t@redict the maximum
amount of normal DNA within a sample that would not maskvamgARcopy number

gain (Fig. 2C). This revealed that aARduplicationcould still be detected if 80% of the
DNA within a sample was normal. This is particularly important when considering the

heterogeneity of prostate cancer biopsies

Due to the lack of samples that tested positive @AARthe accuracyof the assay in
comparison to FISH was investigated by assayarg samples which had been
independently analysed for AR amplification by FISH and subsequently blinded. The assay
successfully detected the presence of sped@#\R genall sampks that were scored
positive by FISifive samples)hut not insamples that were scored as negative by FISH
(five samples) It must be stated that a much larger sample size would be necessary to

obtain a reliable estimation of false positivachnegative rates.

The last batctof samples interrogated by the assay included samples of the latest round
of PD> generated in our laboratory (funded by Movember with an emphasis on
generating xenografts from CRPC patients) al agethe xenograft generated from the

Y019/09 T sampléeThis resulted in the identification ofo sampleghat both had GAAR
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andXCAnamelyH427X and H455Kowever, upn closer analysis it can be seen that the
nature of these amplification events is differdmtween the two sampledH427X has an
equal accumulatiomf ARand DMD sequences which is indicative o€X H455X on the
other hand, has elevate8lRover and above the increase DMDwhich itself is significant.
This could represdman initial XCAevent with subsequent locuspecific GAARLt is of
great importance to the biology of Cafitiation, in regards to the cell type of origin of
the diseasethat GAAR and KAhave been detected in passage z@Xsindicating that

these genetic abnormalities are presentcills capable of tumour reconstitutian viva

An interesting future directioto increase the likelihood of detting GAAR in xenograft
models would b&o assesxenograftsamplesunder castréion conditions The xenograft
samples analysed in this project wegeown within a male mousgas suchandrogen
supply is not a limiting factor for tumour growth. In this scenario, cells that E&&AR
would not have a selectable advantage over cellst thee negative forAR gene
amplification.It would be interesting to see if samples previously negative for GAAR could
form GAARositive tumours which would indicate that rare GA4RBSsitive cells were

present in the original patieatumour biopsy.

The Y019Xxenograftlsample was negative for botBAARand XCA However, very recent
data generated by our laboratory has thrown the provenance of xeisograftinto
disrepute as it tested positive for bothEpsteigBarr virus (EBY presence and
immunoglobulin heavy locu$GH rearrangement Appendk 5) indicating that graft out

growth was the result of a contaminating transformedd and not CaBpithelia.

Further experimentsveredesigned to investigate the compatibility of the assay with FFPE
tissug as this represents the most common form of sample preparation anetlived
tissue in the clinicThe resultsshow that the assay produces copy numbatues forAR
andDMD(from FFPE sources) that are not statistically significant from those derived from
OCT. Hwever, the standarctrror of copy number values was greater in FFPE samples

indicating that fresh or OCT preserved tissue is préiera

3.5.2. TheAssay alsoGves Information Regarding XChromosome Aneuploidy¢ a
Relatively Common Event in CaFAssociated withPoor Prognosis

As demonstrated bipMDcopy number of the cell lines, xenografts and primary samples
tested it appears that XCA sommon in CaP. Being present in DU145, PC3,6e@64d
VCaPLuCaP 41, LuCaP 35, LuCaP 73, H#2ZB8XB, C, D, E, shmples.
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A relationship between @Achromosome and poor prognosi mot unique to CaR.oss

of X chromosome inactivation is a markeagfjressivenesa breast and ovarian cancers
(Kang et al., 2015)It was also found thaall malebreast cancer cases harboured@A
(100%) (Di Oto et al., 2015)This shows that XCplays a role in the neoplastic
transformation of male breast epithelial cells chronic neutrophilic leukaemia (CNL)
which is an uncommon myeloproliferative disorder characterised by neuti@pland
myeloid hyperplasia in the abseno€BCR/ABL gerfasion eventgElliott et al., 2001)A
study has fond that whilst most patients with CNL have normal karyotypes, those with
46,XY,+X (15 cases studied) damkaseprogression to myeloid crises accompanied by
poor prognosegYamamoto et al., 2002 heauthors concluded that XQaay play a role

in the transition of CNL from a chronic to crisis phase of the dis@émmamoto et al.,
2002)

In CaP it is now established that thésea significant frequency of XGAGSY Ay WINBI G
YI O3S Q LI BISH sidi &ydfMeisofi etlal.,, 2014)152 out of 596 (25.5%)
demonstrating gain of at least one copy of the X chromosohworrelation between XCA
and reduced survival is shown(ig. 14.) (Merson et al., 2014)This data corroborates a
much earlier study b{R6pke et al., 2004y which9 out of 80 prostate cancef&1.25%
tested positive for XCA by FISHhe same grouplso found thatXCAcorrelates with

pathological classification and tumour volurfiRopke et al., 2004)

The exact mechanism by whicl€Xcontributes to poor progasis in CaP is currently
unresolved However, there are two hypothes&gich need not be mutually exclusive.
One explanation shared by botR6pke et al., 2004, Merson et al., 201gljhat XCA
results in CRPC by driving AR expression (Fig.At9alternative view which can also
explain the poor prognosis of neendocrine cancers (when additional copies of X
chromosome are present) is that XCA is the product and therefore a memkleriver of

genomic instabilitya hallmark of canceiHg. 30.) (Giam and Rancati, 2015)

Whichevermechanisnis correct the fact that this assay can simultaneously detect two
genetic aberrations associated with poor prognosis and therapeutic resesianCaP
greatly enhances its applicability a clinical setting. Also as XCA is not unique to CaP the
assay described here may also be useful as a tool to stratify patients according to risk in

several oncology fields.

120 Chapter3. Results



Hormone
Ablation

LY L o)

() Cancer cell { Cancer cell with AR gain

«= Dead cancer cell

Fig 29. Selection ofCells with ARGain by ADT

Smallfoci of CaP cellthat arepositive for gmomic amplification of the AR gene
couldexpand to form a CRPC tumour by positive selectiofipgndrogen
deprivation therapy or (2)atural androgen insufficienayithin the tumour.

From (Mersonet al., 2014)
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Fig 30. XCAContributes to GenomiclInstability.

The combination ofineuploidy,chromosomal instabilityCIN and genomic
instability (GIN can have additive or even synergisitects ontumourigenesis
Aneuploidyleads to increased gene expression of the genes located on the
aneuploid chromosomepotentially leading to deregulatiooncogenes (G) and
tumour suppressor genes (TS@Jirectly effecting oncogenic transformatio©IN
can esult inaneuploidyby increasng chromosome missegregati@vents.
Additionally, aneuploidycouldresult inCINthrough changing the stoichiometry of
protein-complexegesponsilke for genome maintenance&chromosonal-
missegregatiortould also lead tONA damage and GIN. CIN and GINtaraght

to promotetumourigenesis by increasirtige chance of accumulating oncogenic
mutations. TheW 6LAN2 R dfCiN & GINamely:aneuplody and DNA damage
result in increased intreumour diversity potentially increasing the potential of the
bulk tumour to adapt to changes in the microenviroment due to metastasis or
therapeutic intervention.

From:(GiamandRancati2015)
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4. EpigeneticRegulationand Investigation of the Mechanism of Actioof LXN and
RARRESH Prostate Epithelial Cells

4.1. RARRES1

RARRES1 was originally isolated from the egiitinelial cellsasthe gene withgreatest
increaseof expression in respons® the synthetic retinoidg tazarotene(Nagpal et al.,
1996) which is effective in the treatment of psoriadisharacterised by aberrant
proliferation) (Weinstein et al., 2003RARRESL is a type |Il membrane prgi@ahab et
al., 2011)andislocatedadjacent to the LXN gene on the long arm of chromosomiev®
isoforms of RARRESL1 are produced through alternative splicing: RARRES12P&1 is a
amino acid protein and RARRES1 TS2 is 228 amino acids in lengthoTdreaded
proteins have very higlamino acidsequencehomology The major distinctionis a
putative CPAbindingsite (present in RARRES E81ilis highly conserved with LXN) which
is absent in RARREB32(Aagaad et al., 2005)The CPA binding site was found to be an
inhibitory loop that protrudes into the CPA4 active site, including fivecatiitmino acids
(QEIlIR(Oldridge 2012, Pallarés et al., 2005)

RARRESL1 mression is tightly linked to the differentiation status of cellsd ismost

abundanty expressedn terminally differentiated cell§rom normal tissuegWu et al.,

2006) This expression pattern is retained inligaant conditions where it was found that

RARRES1 was generally dawgulated in metastatic lymphodes compared to those in

the primary tumours in breast cancgPeng et al.,, 2012)Among 122 colorectal
adenocaDA y2Yl ax GKS LR22NIé& RAFFSNBYuUGAFGSR I R
tumours showed a significant decrease in RARRES1 expriesstapression of RARRES1

is closely associated with the differentiation of colorectal adenocarcinfia et al.,

2006, Peng et al., 2012)

In the prostate reduction of RARRES1 expression is specifically associated with cancer
progression In one studyRARRHESMRNA was detected iten normal human prostate
tissues and 51 BPH tissudésit was only present ifiewer than 8% of the CaRssues
analysed(Jing et al., 2002)The silencing of RARRES1 expression seems to be an early
event in CaP73% ofvery low grade CaRG(eason scores 0f¢3) do not expressof
RARRESIing et al., 2002However, it is debateablehether such low Gleason scores

are truly CaP

Thereis substantialevidencethat RARREL acts as a tumour suppressor imultiple

cancersReintroduction of RARRES1 expression in the highly aggressive CaP celt line: PC
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3M, resulted in a dramatic reductiarf the in vitro invasivenesand a 2.4fold reduction

in tumour burden in the PGM xenograft modelJing et al., 2002, Youssef et al., 2004)

In the leulaemic cell line K562, restoration of RARRES1 expression promoted apoptosis
after treatment with alitrans retinoic aciqWang et al., 2008 Also,RARRES1 was shown

to retard cell proliferation and invasive features of nasopharyngeal carcinoma cells
mediated by EpsteuBarr virus transformatiorfKwok et al., 2009)n breast cancer, re
expression of RARRESL1 reduced cell invasion and augmented cell death induced by
cytotoxic agentfWang et al., 2008 Additionally,both RARRES1 isoforms inhibited the
growth of SW620 coh cancer cell§Wu et al., 2011a)

In concordance with the above studies, our dadtory has shown that RARRES1
negatively regulatescolony forming efficiencyand invasionin malignant and benign
prostate tissugOldridge 2012 ,Oldridgeet al., 2013)It has also been demonstrated that

there is reduced (barely detectable) expression of RARRESL1 in prostate SCs compared to
their more differentiated progeny implicating a role of RARRES1 in regulating
differentiation within the prostatic epitheliun¢Oldridge 2012,0ldridgeet al., 2013) In

cells derived from CaP, RARRES1 is barely detectable in CSCs and transihgamplify
populations and is expressed at very low levels in committed basal cells. This is in stark

contrast to normal tissuefldridge 2012,0ldridgeet al., 2013)

There have been several reported mechanisms of RARRES1 mediated inhibition of
proliferation and survivalBoth RARRESL1 isoforms inhibifgdstaglandin EAPGE}
stimulated colon cancer cell proliferatiofWu et al., 2011a, Tsai et al., 201This was
shown to bethe NBadzZ & 2F adzllINBla&Iy Ay afaiv@ S §1da8y 6 2 O
catenin/T cell factor TCFK transactivation, ad cyclic adenosine monophosate
(cAMB/cAMP response elemetinding protein(CREBsignalling in response to PGE2
(Tsai et al., 2011)t was further reported that these actions were at leimgpart mediated
through the up regulation of grotein-coupled receptor kinase 5 (GRK5) expresfidn

et al., 2011a) GRK5 is a serine/threonine kinase, which suppresses the activation of
ligandactivated Gprotein-coupled receptors (GPCRS) by inducing internalisdtitamris

et al., 2008, Wang et al., 2008jhe importance of GRKBediated phosphorylation is
further highlighted by its ability to increases histone deaeetgl activity and promote

p53 degradatior{Chen et al., 2010, Liu et al., 2010a)

RARRES1 knedkwn has been shown to dowegulate the serine/threoningrotein

phosphatase 2A (PP2A) and its catalyilougit-i A & 2 F 2 NI PEPZCRRaRaB R 0 @
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et al., 2010) PP2A has broad substrate specificity, targeting proteins of oncogenic
signalling cascades inding proto-oncogene serine/threoning@rotein kinase (Raj,
mitogen-activated kinaseMek), and Akt (29)Ory et al., 2003)PP2A is alsanegative
regulator of the growth factor stimulated signalling pathwalyigthermore, mutation of

this enzyme has been identified in lung and breast ca\&tang et al., 1999, Esplin et al.,
2006)

RARRES1 has also been implicatethéenregulaion of cell cycle dynamics through
mediation of Endbinding protein-1 (EB] (Sahab et al., 2010)The major function
attributed to EBL1 is the regulation of spindle dynamics and chromosogmadnt during
mitosis. As such dowegulation of RARRES1 may have a role in enhancing genomic
plasticity by increasing abnormal division events leading to aneupl@dgen et al.,
2005)

4.2. LXN

LXNis a 29kDa protein composed of 222 amino acitie gene encoding LXN is located
on the long arm of chromosome 3. LXNhe solecarboxypeptidase inhibito(CPI)in
mammals Experimentally it has been shown to actagzotent competitive inhibibr of
CPA4 in humangéLiang and Van Zant, 2008)PAs arefirst synthesised as inactive
zymogens which are activated pyoteolytic cleavageThey function asexopeptidases
i.e. mediate cleavage oGterminal amino acidsThe LXN primary sequence does not
share significant homology with other known CHReverter et al., 2000However, it
does share80% sequence homologyith a cysteineprotease inhibitor, cystin C(Liang
and Van Zant, 2008)t also sharestructural homology wittRARRESLiu et al., 2012)
which is encoded by an adjacent gene. The location of RARRES1 and its hoonioXdy
suggests that the two genes are the product of duplication and subsequent divergence
(Fig.31.) (Aagaard et al., 2005)ndeed evolutionary analysis of both genes shows that
RARRES1 and LXN are paralogues, with RARRES1 implicated as the anceSedlajene
et al., 2011)
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Fig.31. AdjacentLocation of the RARRES1 and L&Bhes

The genes are located adjacent to one another on the long arm of chromosome
the region 3g25.32125.33.

From (Oldridge 2012)

CPA4 expression has been detected in horm@ilated tissues including the prostate,
where it has been shown to be involved in CaP &nspecifically implicated irfCaP
aggressiveneg$iuang et al., 1999, Kayashima et al., 20@3Adberumactivity has also
been suggested as a potential biomarkarpancreatic canceifhese two examplebave
implicated LXN as a tumour supgssor by proxy(Matsugi et al., 2007)However,
evidence that LXN does not function through inhibition of CPA4 comes from a study on
rat peritoneal mast cells where it was found that the two proteins are not lpedlin the
same granular compartment in the cytoplagidratani et al., 2000)Further evidence
comes from work conducted in our laboratory which showed that CPA4 was secreted and
LXN was localised to the nucleusCaP cell§Oldridge 2012) In conclusionLXN is highly
unlikely to perform its tumour suppressive ar8Cregulatory functionsthrough an

interaction with CPAA4.

Forward genetics has implicated LXN as a regulator of normal HSC number in mice,
through decreasing seienewal andrncreasing apoptosi@Bolger et al., 2012)his work

was further extrapolated into leukaemia with the workimgpothesis that LXN was down
regulated in malignant diseag&iu et al., 2012)In this study several leukaemia and
lymphoma cell lines were analysed, along with primary cells, showing that LXN expression
at both the mRNA and protein level was decreased compared to normal corftriniset

al., 2012) Moreover, reinitiation of LXN expression in two lymphoma cell lines reduced
their growthin vitroandin viwo (Liu et al., 2012)Mechanistically it was found that LXN
mediated suppressionwas achieved by dowregulaton of anti-apoptotic genes,
including bcl2, leading to an increase in apoptefiiu et al., 2012)These actions could

not be replicated by the treatment of cells with a CPI derived from potatoch is further

evidence for an alternative function of LXINu et al., 2012)
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Further evidence of a role for NXn cancer comes from the study of gastric carcinoma.
Initial evidence for an involvement in the disease came from the comparison between the
Wy 2 NY I Q Jgastrieediihehfcdl ine BES, and its malignant derivativehe

MC cell line. Compaon between the two showed that high levels of LXN were found in
GESL compared to the MC cel(&e Y, 1996Further evidence was gained through the
analysis of primary samples arid vivo models where it was shown that LXN was
significantly dowrregulated in areas of disease comparegtired samples of adjacent
normal tissue and that over expression of LXN in MGCB803 cells inhibited colony
formation and tumour growth in nude micéLi et al., 2011)Microarray analysis of
changesin expressionfollowing knockin of LXN revealed several genes implicated in
cancer progression that were differentially expressecesponse to LXN nameMaspin,
WAP FoubDiallfide Core Domain IWFDC), secretory leukocyte protease inhibitor
(SLPI S100 calciunbinding protein P 100, and platelet derived growth factor
receptorbeta PDGFRRA.i et al., 2011)

4.3. Low Expressio of RARRESAr LXNhas a Negative Impact oRecurrenceFee
Survivalin CaP

As discussed in sectiodsl and 4.2, both RARRESANnd LXNhave tumour suppressive
functions in a variety of cancersurthermore, both genes have beehosvn to be
downregulated in primary malignant samples compared to adjagermal control

tissues

(Taylor et al., 201(@ssessed DNéopy number, exon expression and miRNA expression
in 218prostate cancersThis data is open access and through the betastasis initiative, it
is possible to construct Kaplavieier plots for LXN and RARRES1 @2iy. From this data

it can be seeihat low expression of LXN BRARRES1 within CaP tumours correlates with
a statistically significant reduction in recurrenitee survival (LXN =000122 and
RARRES1 p=0.005718pnylor et al., 2010)This data izonsistent with the proposed
tumour suppressive functions of these genes. However, the piagsentedin (Tayloret

al., 2010 is the product of all the cells within the prostate tumour biopsyd as such the

data may be skewed by the presence of steoand immunecell infiltrates.
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Fig 32. HighExpression of LXN or RARRE®{relates with Poor Prognosis in CaP

KaplanMeier plots of LXN and RARRES1), generated from 218 prostate cancer
samples (Tayloet al., 2010). In both cases the median expression was used as a
threshold to categorise high and low expressers. Statistics were generated usin
logrank test. Data was accessed through the Betastasis initiative.

From:(Tayloret al,, 2010)
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4.4. Ceexpression of RARES1 and LXN in Primary Prostate Cultures

Microarray expression profiling of primary prostate epithelial cultures of benign or
malighant origin, either enriched for progenitor cells or more differentiated committed
basal cells, was previously performed inrdaboratory (Birnie et al., 2008) These
cultured samples eliminate any neepithelial contaminants that may artificially alter LXN
and RARRESL1 expression proflesaveat to this analysis is that due to theritroculture
system employed the data may not be completely representative of theirCaRoi.e.
culture conditions select for a proliferating phenotype and luminal cells do not survive in
culture. This analysis, which was confirmgd®FPCR, showed that LXN and RARRESL1 are
downregulated in SC fractions compared to CB ¢€lldridge 2012,0lMdridge et al.,
2013) Moreover, there was a nesignificant trend of malignant CB samples towards

lower LXN and RARRESL1 expression, compared to benign CB samples.

A re-analysis of these data showed a strong positive correlation exists between LXN and
RARES1 expressioi=0.92) (Fig. ) suggesting that these two genes could be co
regulated in both the benign and malignant prostate epithelidmisis likely, due to the

close proximity of the two genes in the genome and the likelihood of regulatiaugtr

common transcription factors and/or epigenetic control mechanisms.
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Reanalysis of data fromBirnieet al,, 2008) performed by Davide Pellacani
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4.5. Regulation of LXN and RARRES1

Both RARRES1 and LXN have been shown to be targeéRAshediated transcriptional
control (Oldridge 2012,0ldridgeet al., 2013, Kamal et al., 201&tudies of epigenetic
regulation of LXN and RARRES1 have focus€g@rislansiwithin the promoter regios

of the two genes Hypermethylation of CpG islands is an established mechanism of
silencing tumour suppressgenes(Esteller, 2002, Liu et al., 2010b)ethylation of the

LXN and RARRES1 promoters correlates with reduced LXN and R&RRESDN(Liu

et al., 2012, Peng et al., 201ussef et al., 2004, Wu et al., 2011k)has previously
been showrthat LXN and RARRES1 are regulated by promoter hypermethylation in CaP
cell lines, but this is not @erved in primary tissuer cultures(Oldridgeet al., 2013)It is
proposed, that in primary prostate epithelium, the major contributing factor in the
epigenetic regulation of LX&hd RARRESL is through alteckdomatin status by post
translational modification of histone proteins in the region of the LXN and RXRRE
genes. This form of epigenetic regulation is controlled by the -prasislational

modification of histone proteins.

The identification of structural homology.iu et al., 2012, Aagaard et al., 2085) co
regulationof LXN and RARRES1, coupled with their downregulation in undifferentiated
cells and several cancersesuling in enhanced invasion, colony formation and
tumourigenicpotential in vivo,highlights the importance of these gend®Ildridgeet al.,
2013, Liu et al., 2012, Bolger et al., 2012, Wu et al., 200@)nearly ubiquitous silencing

of RARRESL1 in CaRdicates that reactivation of RARRES1 and/or loXNheir
downstream signalling argets represents alogical strategy to reduce tumour
aggressiveness and disseminaticas well as indu@n of differentiation, thereby

augmenting current treatment regimer{ding et al., 2002ldridgeet al.,2013)

4.6. Localisation of LXN in thierostate Bpithelium

Our laboratory hapreviouslyshownusing coffiocal microscopy that LXN is localised to

the nucleusn primary prostate epithelial cells and the prostate cell line LNO#&Ridge

et al., 2013) Initial evdence for this came from immunofluorescence performed on

TN OGAZ2YEFGSR LINRAYFNE SLAGKSEALFE Odz G-dNB&a o L
specific binding of the antiXN antibody, LNCaP cells were transfected with a plasmid

containing LXN fesl to the HA epitope tag. This allowed the use of a second, well
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characterised, antibody (arHA) to confirm the localisation of LXN. LNCaP cells were
utilised for this purpose as they have very low expression of endogenous LXN. Using
confocal microscopyt was shown that DAPI (nuclear stain), e&iXiN and artHA coe
localised. The potential for controversy in this result is that LXN has no known nuclear
localisation signal and as of 2016, this result remains the only study to show any
localisationdatafor LXN. This nuclear localisation also opens the possibility for LXN to in
part exert its effects on colony formation, migration and invasion by directly affecting

gene expression at the level of transcription.

4.7. Overview of Experimental Techniques lgd in this Chapter
4.7.1. Chromatin Immunoprecipitation

Chromatin ImmunoprecipitatiofChIPA & (G KS W32 R AldcdlisaidohoNRQ F2 N
the proteinDNA interactions which can contrepigenetic regulation through histone
modifications, and for confirmation of transcriptional regulation. Briefly, profeiA

interactions are crosBnked in situ using formaldehyde. The cells algsed and the

chromatin is sheared by sonication pooduce 206500 bp fragmentgTeytelman et a)

2013) The fragmented chromatin is then incubated with an antibbdad complex

specific for a particular protein bound to the DNIlae DNAbound protein is known as a

LINE GSAY WY HIPNthe®®A i$ efuied fivin th& éitibgdbead complex and the

crosslinks are reversed. The resulting DNA (now free of protein interactiorig)aity

purified before analysis byPCRusing target specific primers.

The resulting data isften expressed as a percentage betinput chromatin (chromatin
that has not been immunoprecipitated) e.g. a value of 10% of input indicates that 10% of
the target loci exist in association with the protein mark to which the precipitating

antibody was raised.

Recent advances in Chifethodology have centred on reducing the amount of chromatin

needed for successfummunoprecipitation(Schnerch et al., 2013, Collas, 201The

result of thisdownscalingis micre 6 >/ KLt 0 Faal &a OF LI-BNAS 2F Y
interactions from <1,000 cells which is equivalent tongéof DNA (Fig4.). In contrast,

traditional ChIP protocols require #4007 cells 660>3 2 F 5b! 0 | YR I NB dz

use in rare ell populations.
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A functioning pChlP methodias essential to study protedDNA interactions in rare
subpopulations of CaP cells, such as CSCs which account for <0.1% of tumour cells, and

cannot be represented by established cell lines.
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are the lower volumes used and magnetapture beads (instead of sepharose
capture beadsyised inuChiP.

From:(Collaset al., 2011)
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The chromatin status of the LXN and RARRES1 genes in primary epithelial cultures from
benigh and cancerous originvere investigated usingChIP. Capture molecules are
antibodies that are specific for differenhistone modificatios and markers of
transcription.Downstream analysis, by PGRsessethe enrichmentof the target gene

by eachcapture moleculeA list of targets for Chl&@hdcontrol geness provided ir(Table

5. and Table6.) respectively

Target InBlicanon Validated in Our
- i Laboratory

H3K27me3 heterochromatin v
H3K4me3 euchromatin v
RNA pol Il transcription v
H3K9me2 heterochromatin v Key
H3K9ac euchromatin v Primary Targets
H2AK119Ub heterochromatin x Alternative/Future
H4K20me3 heterochromatin (associated with x Targets
tumour suppressor gene silencing)
EZH2 heterochromatin (recruits polycombs, x
heterochromatin proteinsand HDACS)
PRC1 heterochromatin (binds H3K27me3 and x

adds Ub to H2AK119)

Table 5. Primary andAlternative Targets for ChlRZapture Molecules.

Tabuated list of histone marks and associated proteins with information regardir
the implication of theses marks to chromatin status. The table also contains the
validation status of each mark capture molecule (antibody) within our laboratory

Expected ChIP Analysis in Prostate Epithelium

GAPDH Catalyzes the 6% step of glycolysis.
Glyceraldehyde 3- iti 4 + +
phosphate HIEDTE Housekeeping gene - stably and constitutively VE VE VE
dehydrogenase expressed at high levels in mast cells
Opioid polypeptide hormone gene for
PDYN ‘ d hin.
Negative progynorein +VE -VE -VE

Prodynorphin
Expressed in the endometrium and the striatum

Table 6. ChIP Control Genes.

The identity, expression details and expected ChIP analysis in prostate epithelit
the positive control geneGAPDMand negative control gen®DYN Of note is that
both control genes have been validated in our laborgtor
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4.7.2. LentiviralVectors asGene Delivery Systems

In order b determine the effect of LXN and RARRE® geneexpression when
overexpressed in a physiologically relevant model of primary prostate cé@odins et

al., 2005) A lentiviral gene delivery system was estaldigh

Lentivirus(LV) vectors stably integrate ird the genome ofa transduced cell, forcing
O2yAydzSR SELINBaaAzy 2F (G(KS RSt A NBR 3

(p))
<
(p))

vectors is that they can transduegpliescent and senescent cellBhe lentiviral vectors

used in this pragct are based ohuman immunodeficiency viruéll\V), which ha been

modified to ender thevirusincapable of replication within the host. The modification in

guestion (termed the selihactivating (SIN) configuration) specifically targets the long

terminaf NBLISF G o6[ ¢wo &S1jdzSyO0S KNP dzWwkichRSt SGA 2
0N YyATSNNBR (2 (GKS pQ (Ganber eRalz\eB1BYhis delBtiorS NBE S G |
destroys the transcriptional activity of the LTR sequencés turn abolishing the

production of fulllength vector RNASanber et al., 2015The use of the SIN configuration

and heterologous envelopdsas dramatically improved the overall safety of LV to the

point that the later generation of LV vectors have the lowest hazard rating at the

University of York.

Another safety feature of LV production is pseudotypitig process of producing viral
vectors in combination with foreign viral envelope proteins i.e. not encoded by the
original virus(Métrai et al., 201Q) Pseudotyping of HIV vectors removes thafety
concerns associated with native HIV envelope (gp120). The heterologesisular
stomatitis Indiam virusprotein G(VSVG) envelope proteiris the most commonly used
viral envelope for LV pseudotging (due to its broad spectrum of susceptible cells)
although,choice of envelope used to pseudotype the LV is at least partly determined by

the target cell or tissue that needs to be transduced.

The most widely employed metldfor the production of LV igy co-transfecion of cell
lines (packaging cellsyith vector plasmid and theyagpol, rev, and enyackaging
constructsresulting in LV production by the packaging c¢ellsich are presenin the
supernatant (Fig35.) (Matrai et al., 201Q)The resulting supernatant is then filtered to

remove any packaging cells that have sloughed off into the viral supernatant.

Thenormal human embryonic kidneell line HEXR93 is commonly usefdr this purpose

and as such several modified HEX3 lines have been produced to enhant¥
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production These include but are not limited to 293T cells and 293FT (d4éizai et al.,

2010) These HER93 derivatives commonlgontain the SV40 Largeahtigen which
mediates episomal replication of transfected plasmids containing the SV40 origin of
replication (Durocher et al., 2002)0rce the titre is known the multiplicity of infection
(MOI) which indicates the number of vector particles per cell used in a transduction
can be calculated and standardised across experiments e.g. a MOI of 1 means the addition

10° viral particks to 10 cells(Zhang et al., 2004)

Packaging cell

Agag P GOl

—1
5LTR | [RRE PPT PRE 3'ALTR (SIN)
V]

RSV PA cMV pA

C—H—H—3 CHEEH T

Agp120/41, Atat, Avif, Avpu, Avpr, Anef

Fig 35. Lentiviral Vector Production by TransComplementation.

Packaging cells are transfected wétltombinatiorof lentiviralvector plasmid
andpackaging plasmids whidwontain Gag, Pol, Rev, and \\&¥equencesOnly
0KS @SO0G2N) 02y il AY a. ThekrBivirdldeqddntes flayked
by p YR o .[ThewTR&&)jedzSs/iiodghitenhancer/promoter
functionare necessaryor properexpression of the fullength vector transcript.
Additionally, he LTRequenceslsoinvolved inreverse transdption and
integration of the vector into thgenome.

Viralparticles areharvested from thenedium the packaging cells are groamd
used directly or further concentrated tpurificationmethods By changing the
envelopegenes encoded by the helper plasmids it is possible to pseudotype t
lentivirus which directly effects the tropism of the resulting lentivirus.

AbbreviationsSIN =selfinactivating LTR sequences that contgir=LTR
sequences that contain a partid¢letion, WPRE Woodchuclkepatitis virus
posttranscriptional regulatory elementPPT= central polypurine tractRRE=
Rev responsive elemeanhdLV= lentiviral vector.

From:(Métrai et al., 2010)
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4.7.3. Gatewayt doning

LY@AGNRISYn DI GSgl & diffeB gadiohaycloring ehniqhds2 y A y 3
through the use of areversible recombination reactigras opposed to restriction

enzymes and ligase reactiofiis techniques offer several advantages:

1 Certain restriction enzymes cannot be usedonventional cloninpecause they
might cut withinthe gene of interest, truncating the insert and making the gene
useless for downstream expression

9 Due to the removal of a death genect from the vector upon recombination to

insert the gene of interest, the amount of ooly screening is reduced.

The basic protocol for cloning a gene of interest intb\Vaplasmid vector is as follows
Addition of flanking attB recombination sites to the gene of interest using primers that
are specific for the gene of interest, but witheshangs which contain the attB sites. This
typically involveswo PCR steps as the attB sequences are quite long, using a high fidelity
polymerase such as phusion. The first PCR reaction adds the first half of the attB sequence
to the gene of interest. T&nPCR product is theseparatedon an agarose gel and from

which extraction of the product is then performed.

The purified product from the gel extraction is then used as a substrate for a second PCR
reaction which adds the"? half of the attB recombinabn site, before a second gel
extraction is performed to yield the purified product which is the gene of interest flanked
by the full attB sequence. This fully flanked sequence can now be addedtdrgrvector
through recombination using the InvitrogeBP clonase which, through recombination
between the attB sites on the genef interest and the attL sites which flank ccb,
eliminates the ccb death gene from the Entry vector and replaces it with the gene of

interest.

The Entry vector is a shuttle vectohich can be used in subsequent steps to deliver the
gene of interest into several commercially available LV vectors which have specific
properties depending on experimental needs such agxquessio of eGFPto allow
transduction efficiency to be vislised. Once the Entry vector has been quality controlled
through PCR and/or restriction digestion to ensure the presence of the gene of interest it
is typically sequenced to guarantee that no mutations have been introduced through the

PCR and gel extragti steps.
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Once the Entry vector containirige gene of interest has been validated it is used as to
generate the LV destination vector containing the gene of interest. The gene of interest
is now flanked by the attL sequences and through the use ofdoasg which performs
recombination between attL sequences and attR sequences the gene of interest can be
transferred to the LV destination at the expense of another copy of ccb present in the LV
destination vector flanked by attR sequences. Colonies ame flicked and screened for
presence of the gene of interest. An overview of the main steps of vector generation and

virus production used ithis report are shown ifFig.36.).
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PCR

Gene of
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Fig.36. Overview ofVector Production, Virus Production andTransductionUsed in
this Report.

The gene of interest is first flanked with attB recombination sequences,
recombination wih the BP clonase results in an Entry vector containing the gene
interest. A second recombination reaction with the LR clonase results in a
destination vector that contains the gene of interest-ttansfection of HEK 293FT
packaging cells with the destition vector, envelope and packaging plasmids allo
lentivirus production through transomplementation. Supernatant (containing the
lentiviral particles) is then harvested which can be directly used to transduce cel
including primary prostate epithdali cells.
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4.7.4. Microarray

DNA microarray tehnology is now a widepread method for analysing expression
profiles of biological samples. The technology is based on DNA hybridisdta®NA
Y2fSOdzZ S& (2 O02YLX SYSyGlFNE LINRP6SE 6KAOK
microarray chip atkown locations. Commonly a single gene is covered by several probes
to increase accuracy of detection above background. The hybridisation reaction between
the sanple cDNA library and the microarray is performed under ksgingency
conditions so thaonly highly specific interactions beeen cDNA molecules and their
corresponding probes can occ(Wildsmith and Elcock, 200Wlicroarrays use relative
guantitation in which the intensity of probeis compared to the intensity of the same

probeunder a different condition, and the identity of th@obeis known ly its position.
A typical protocofor expression profiling is as follows:

1. RNA is extracted from the biological sample and is quality controlled for quality
and quantity. This is typically performed using agiléht Bioanalyzer(utilises
capillary electrphoresig which as well as giving a yield also provides an RNA
integrity (RIN) number which ranges from 1 (highly degraded) to 10 (not
degraded).

2. ThelabelledcDNA library is generated via reverse transcription (an optional PCR
amplification carbe performed at this step if yield is too low). RNA is reverse
transcribed with either polyT primers (which ampliply mRNA) or random
primers (which amplify all RNA, most of whichriteosomal ribonucleicacid
(rRNA). The label(typically flworescent)is added either during the reverse
transcription step, or following amplification if it is performed.

3. The labelled samples are then mixed with a propriety hybridization solution
which includes blocking agents to limit nepecific binding theeby reducing
background and enhancing signal to noise.

4. The mixture is denatured and added to the pinholes of the microarray. The holes
are sealed and the microarray hybseld.

5. After hybridsation washing steps are performed to remove nonspecifitiiig
events.

6. The microarray is dried and scannedusing alaser to excite thdluorophore
and emission levelshich are proportional to the level of hybridisation and hence

relative abundance ahe cDNA species is measuredayetector.
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mapped to specific genes.

8. The raw data is normalised through subtraction of background intensity.

9. Data is then analysed using bioinformatics software. The TAC console V3.0 was

used n this report.

4.7.5. Mass Spectrometry

In addition to genomic approachethe aim was alsto chaacterise the function of LXN
and RARRESUsing a proteomics based approach to investigate potential interacting
partners.To this end affinity purificationoupled to downstream mass spectrome(hS)

was used.

MS is regarded as the analytical technique of choice for identifying proteins within
complex biological samples, particularly when coupled to high pressure liquid
chromatography (RLCYDunham et al., 2012MS measures the mass to charge ratio of

ionised molecules by measuring their time of flight with the mass spectrometer. This
allows the determination of their molecular mass after charge state resolution. In order
to apply this technique to proteins it is first necessary to digest the proteins within a

sample to yield peptides fragments which are more amenable to MS than intaetipsot

CNI} AYSyalrdazy 2F GKS AydalrOod 02N LI NBydl f
can be used with the assistance of complex software tools and databases to elucidate the
amino acid sequence of the parent peptileunham et al., 2012, ten Have et al., 2011)
The identified peptides are then used through the use of sophisticated software to assign

a likely protein to the peptides.

Affinity purification upstream of MS is commonly employed to reduce tloenplexity of
biological samples, particularly when one is trying to identify binding partners. Typically,
affinity purification is performed using antibodies specific to the proteinnsérest
(commonly called the bait). The b& mmunaoprecipitated in a buffer that maintains the
baits interaction with interacting proteindéJnfortunately it is often difficult to obtain an
yGA02Re gAGK GKS NBIdANBR | FFAYAGE | yR
common for a tagged version tfe protein to be constructed and introduced into the

cell through transfection. This allows the use of highly validatedtagtiantibodies to
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perform the IP. Typical epitope tags include but are not limitedH&, GST, FLAG, HIS, c
Myc, and VEDunham et al., 2012)

Once a suitable tBrade antibody has been identified and validated, it is immobilised onto
a matrix, usually a resin or micteads. Coupling often performed through binding of
the antibody to protein A or protein G which is preupled to the matriXDunham et al.,
2012, ten Have et al., 2011Alternatively the antibody can be covalently linkedthe
matrix. The resulting antibodynked matrix is exposed to the biological sample and
incubated to allow capture of the bait in complex with its interactome. After several wash
steps, the baiand its interacting partners are eluted from the matrbn efficient but
non-specific elution solution isaemmlibuffer with the addition of2-Mercaptoethanol
(Dunham et al., 2012)

Redution of non-spedfic interactions is essential fanhancement othe signal to noise

ratio andto allow the identification of low abundance interaction8ypically this is
achieved througra preOf ST NJ aGSLI Ay 6KAOK Wyl 1SRQ YI (NJ
is incubated with thesample prior to affinity purification(Dunham et al., 2012)
Alternatively or concomitantly stringent washing stepe included(ten Have et al.,
2011) Stringent washing has a downside which is the increased patefur false
negative resultswhereby true weaker interactions are loQuantitative proteomics is
used to identify true interactors as opposed to ngpecific interactions post MS by
comparison to a control sample. This post MS screenimgude more dficient and robust
through the use of proper controls which are as closely linked as possible to the biological
samples they are associated with. The control should be harvested, affinity purified and

analysed in parallel to the experimental sample.
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4 .8. Results

4.8.1. ChlIP Primer Validéon

gPCRwvasused to interrogate precipitated chromatin ftine enrichment of target gene
sequencedy each mark (listed ifable 6.). The primers pairs ifAppendix 2) were used
to determine the chromatin statusf LXN and RARRES1 genes and promoter redioas
location of the genomic sequences covered by these primers is depict€m).i37.) As
such the following parameters dfie qPCR assays must be validated: efficjeriR and
presence of norspecific amplifications (multiple products). In order to expand the future
applications of the assays two further parametersre investigated. Firdy, thecycle in
which fluorescence rises above the threshold for detectitermed quantitation cycle
(Co at 30pg of genomic DNfequivalent to 10 copies of templateT hisparameter was
used to estimate the sensitivityof the primer pairs with a viewto measuringlow
chromatin yields obtainedrom low cell numbers i.e.>ChIP The second additional
parameter is the speciespscificity of the primer pairs, which ignportant when
downstream applicatiosof the assaysre considerec.g. analysis ofamples derived
from xenograft models. Xenografsamples contain a variable proportion of
contaminating host (mouse) DNAue to vascularisation and infiltration of engrafted
tumours Additionally, primary cultures of prostate epithelium are grown usitigealer
layer of STO cells which are of mouse origin. If the primer pairsotibave a suitable
humanmouse specificity ratiahe resulting data wouldbe prone to artéacts and valid

conclusions couldot be able to be drawn.
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Fig 37. GenomiclLocation of theChromosomeRegion Covered by RARRES1 and

LXN ChlfPrimers.

The online annotated ensemble genome browser tool was used to construct a
detailed diagram of the genomic regions around the transcriptiart site of

RARRESA and LXNB. The diagram shows the genes encoded in this region alon

with transcription factor binding sites, putative promoter regions and areas of op

chromatin. The approximate region covered by the RARRES1 and LXN Chi®® pr

for each gene is depicted by the rainbow coloured box.
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Table 7. detailsthe validation of all ChIP primer pairs analysed. The primers have been
divided into two groups based on annealing temperatdiee divisiorallows streamlining

of assays as multiple assays can be performed single plate and a single run.

All primer pairs have an efficien¢gefined as the increase in amplicon per cyelalue
which falls within wetestablished guide lines (9010%). The Rralue of all primers also
meets the requirementof being greaterthan 0.98. gPCR reactions using all primers
resulted in the amplification of a single produasassessed using melt curve analyAis.
assays are of high sensitiviggs the Cq values at 3@ of genomic DNA are sulfficiently
low (<38) thus enabling quantitative analysis of small quantities of DNA. The
humanmouse specificity ratigdetermined by neasuring the Cq observed in a reaction
with 10ng of human DNA template to the Cq observed in a reaction withgldf mouse

DNA)of all primer pairs is sufficientljarge to avoid artefacts due to noespecific

amplification of contaminatinghouse DNA (Tde. 7.).

Primer Pair | Temperature | Efficiency | R? Single | Cq at 30pg Species Specificity
(°C) (%) Product | (~10 copies) (Human : Mouse)

Table 7. Performance andParameters of ChifPrimer Pairs.

Tabulated list of assay parameters and details of the performance of each &
Primer pairs have been dividedantwo groups basd on annealing temperature. Al
extra row has been included to detail the characteristics of an ideal primer pair.
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4.8.2. ChlP Validation

Before investigating the chromatin status of primary prostate epithelium, the ChIP assay,
capture antibodies and reference genes were validated using chromatin derived from cell
lines. Cell lines have several advantages as a validation tool. Their ease of culture and lack
of feeder cells means that large quantities of target -deltived chromatin can dé
prepared and repeat assayed. To cover the brepectrum of prostate epithelial cells,
PNT2C2 (basal phenotype from normal origin) and LNCaP (luminal phenotype from cancer

origin) were used to investigate reference gene and technique compatibility.

The data shown in(Fg. 38.) shows the expected pattern (Tahlé.) i.e. the active gene
(GAPDM beingenriched bythe euchromatin (HB4me3) and transcriptionRNA Pol )i
marks but not the heterochromati(H3K7me3 mark (Fig38A. and Fig38C for PNT2C2
and LNCaP respectively). The silenced g@iEY{l shows the converse pattern being
enriched by HR27me3antibody but not anti H3K4me3 or RNA Pol I{Fig.38B. and Fig.
38D.) for PNT2C2 and LNCaP respectively).

Both cell lines showkthe same pattern although the enrichment by all marks was higher
in PNT2C2 cells when compared to LNCaP cells. It can be concluded that these antibodies
and reference genes are compatible with cells representing the diversity of the human

prostate epithdium.
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Fig.38. Validation ofH3K27me3H3K4me3 and RNA Pol Il Antibodies and +ve

(GAPDH) andve (PDYN) Control Genes

Graphical representatin of enrichment of GAPDH and PDYN sequences by
H3K27me3 (K27me3), H3K4me3 (K4me3) and RNA Pol Il antibodies in F
A. andB. and LNCaP celzandD. Error bars = standard error of the mean

E.Agarose gel following gel electrophoresis loaded as described in the lane
legend depicted i (minutes refer to length of sonication)

G.Background binding levels of IgG control antibody.

Each sample represents 3 experintedireplicates each comprising 4 technical

replicates.
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4.8.3. Chromatin Status of RARRES1 and LXN Promoter Sequences in PNT2C2 and
LNCaRxlls

In PNT2C2 cells RARRES1 showed a substantial enrichment bidKdtine3 especially
near the transcription start site, compared to the etmicent by anti H3K27me3 (Fig.

39A and39C). This indicates that the chromatin in this region exist&rasscriptionally

active euchromatin, iagreementWith gqPCR data which shows that PNT2C2 cells express
a significant amount dRARES1 mRNA. LNCaP cells showed a similar pattern to PNT2C2
cells at the RARRES1 promoter with these sequences showingeareiment for the
euchromatin mark, although with much lower values than PNT2C2 cellspdditeve
transcription mark(RNA pol llwas absent from the RARRES1 promoter sequence in
LNCaP cells, agreementith gPCR data from our lab which shows tR&ARES1 mRNA

is undetectable in LNCaP cellfaken together these data suggest that histone
modificationsplay a role in modulating RARRES1 expression in PNT2C2 to a much greater

extent than in LNCaP cells.

The LXN promoter, in both cell lines, is not enriched for either histone mark, indicating
that the chromatin in this region exists in an amimgs intermeliate state (Fig39B and

39D.). The transcription mark (RNA pol II) was positive at this region in both cell lines. In
PNT2C2 cells, RNA pol Il is equally abundant at the RARRES1 and LXN promoters even
though RARRESLI is expressed to a greater eixtehése cellsThe presencef a single

marker of transcription (in this case RNA pol Il) does not necessarily reflect the level of
transcription as multiplecis and trangegulatory elements contribute. Also the
differencein mRNA leels between the two genes may be a resulddferentialMRNA
stability. In LNCaP cells, enrichment of the LXN promoter sequence shows evidence of
weak transcriptional activity compared to absence of the transcription mark at the
RARRESL1 protew. This is again imgreementWith gPCRquantification of mRNA
expression, which shows that LXN is very weakly expressed in LNCaP cells compared with

undetectablelevels ofRARES1 mRNA

It has previogly been shown that these genes are regulated by DNA methylation at CpG
islands in prostate cell lines. As such, histone modifications were not expected to play a
dominant role in the regulation of these genes in cell lines. It was encouraging that the
ChP data presented hereorrelatedwith mRNA expression profiles and that there is
evidence of a role for histone modifications in the regulation of RARRES1, patrticularly in
PNT2C2 cells.
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Fig.39. ChIP of LXN and RARRES1 Promoters in PNT2C2 and LNCaP Cells

A.-H. Graphical representation of enrichment of RARREST, E andG.) and LXN

(B, D, FandH) sequences by antH3K27me34 andB), H3K4me3Eand D), RNA Pol
Il €, andF), IgG(GandH) antibodies in PNT2C2 (red bars) and LNCaP (blue bar
cells.Error bars - standard error of the mean

Each sample represents 3 experimental iegikes each comprising 4 technical

replicates
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4.8.4.ChlP Scale Down

It became evident that the novelty and value of future experiments could be increased

by expanding the application of ChIP to the analysis of very rare tumotpcqudations,

such as CSCs which comprise <0.1% of tumour cells. For this aim to be achigMaid, a

method, capable of interrogating low amounts of chromatin (e2IP, compared to 20

>3JkLt AY GKS adlryRFNR /KLto ¢l & SaidlofAakSR
published byCollas, 2011yas adopted The scalelown was performedising previously

validated chromatirthat wasdiluted in a stepwse manner from 2Qug to 2ng with an

intermediate step of 20@g.

The Collas protocol advocated the use of magnetic capture particles as opposed to
sepharose capture particles used thus {&@ollas, 2011)Magnetic capture particles
yielded a lower level of nonspecific binding to chromatinmpared with sepharosg@-ig.
40A)). It is important to note that 20@g of chromatin had a greater background signal
compared with 2Qug. This can be explained by the background binding following a non
linear binding curve, and the reduction in the input due to dilution fellg linear
kinetics i.e. all nonspecific binding sites were saturated & 2@of chromatin/IP.For
example if the 200 ng had anrbitrary background binding level of 1 and input WE3
then background would benetenth of input. If the 2Qug sample also had an arbitrary
background binding of 1 due to saturation of mgpecific Iinding sites already being
achieved at 200 ng and an input value of 1000 (due tofd@more chromatin) then

background would bene thousandth of input.

The two histone marks (HK27me3 and H3K4me3) exhibited a dramatic increase in signal
when the stating chromatin was reduced (Figd@ and 40D.). The signal for RNA pol Il

did not dramatically increase when chromatin levels were reduced, indicating that the
capture antibody was not being satied at 20ug conditions (Fig.0B.). However, an
increase in signal was observed when changing from sepharose to magnetic capture

particles.
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Fig. 4. ChIP Scal®own Using Previously ValidatedlNCaP Chromatin

A. Nonspecific enrichment of GAPDH and PDYN sequences using either sephal
magnetic captureparticles (labelled with arigG)

B.-D. Enrichment of GAPDH and PDYN sequeunsiag either sepharose or magneti
captureparticles (labelled with antRNA Pol B., H3K27meX_ or, H3K4me®D.
antibodies in LNCaP cells.

In all graphs: BLUE bars equal GAPDH and RED equal PDYN. Shading is inter
represent initial chromatin levels with darker shades representing larger amounts
starting chromatin/IP.

Error bars 4 standard error of the mean

Each sample represents 3 experimental replicates each comgpdsiechnical
replicates

F 't X ndgnp It XK nodnwm
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4.8.5. Establshing a gPCRrotocol for the Estimation of Chromatin Fragmentation After
Sonication of Small Quantities of DNA with aview to Micro-ChiIP

In order for any ChIP to be successfhk pptimal sonication time must be determined
empirically for each samplelhis is becausever-sonication reduces sensitivity and
under-sonication increases false positivése optimum size bchromatin fragments is
200-500bp.

In uChIP the amount of DNAt@® low to yield a visible band on a gellowever, the size
of the DNA fragments can be estimated using the ratio of ald®@o a300 bp gPCR

product and thusoptimal sonication time cabe determined(Dahl and Collas, 2008)

22Rv1 chromatin was sonicated and the resglfimgment size as a function of sonication
cycles was assessed using bothigasedand gPClased methods (Fig14. From these
assays it can be seen that the chromatin fragments reduce in size as the number of
sonication cyclegcreasesThe gPCR ratio of the 1@ to a 300bp products increases

as a function of sonication cycles, indicating that the mean chromatin fragment size is
reducing with the number of cycles. The 3fj)template is broken at a greater rate than

the 100bp templak, due to its size. The optimum sonication was 60 cycles. After this
point there was an accumulation of chromatin fragments shorter than [@0@loss of
sensitivity) and a consequergduction in the 10(p : 300bp ratio (as for the first time

in the time-course the 10®p template is being brokgn
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A 100bp : 300bp qPCR Product Ratio of Sonication Cydes
Sonicated 22Rv1 Chromatin
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Agarose Gel Electrophoresis Depicting a Sonication
Titration of 22Rv1 Chromatin
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Fig.41. Sonication Titration of 22RV1 Chromatin

22Rv1 cells were cro$imked with formaldehyde prior to cell lysis. The resulting
crosslinked chromatin was sonicated on ice. iamatin sample was taken every 1
cycles. The chromatin was extracted and the degree of fragmentation was asse:
by qPCR using two primer pairs, one generating 100bp product and the other a
300bp product. This was used to calculate the 100bp:300bp ahé@ch sample
point A.. In parallel 400ng of extracted chromatin was loaded on to a 2% agarose
allowing the fragment size to be assessed by DNA staining following electrophot
B..

The desired fragment size of between 200 and 500bp and optioratation time is
indicated by the green arrow.

Error bars 4 standard error of the mean

Data presented is a single representative experiment ekath point was measured
in quadruplicate.
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48.6.>/ K LFRractidriited Primary CaPFsamplesinterrogated for Relative Enrichment
of RARRES1 and LRimoter Sequencedsing anti H3K27me3, H3K4me3 and RNApo
[l Antibodies.

In order to assess the contribution of histone modificationsd(éimerefore chromatin

status) tothe epigenetic regulation of LXN and RARRESL1, three primary epithelial cultures
of malignant origin were fractionated in to CB, TA and SQlptipns (totalnine cellular
samples fromthree patients) and pChIP performed. The subfractionation of primary
samples was chosen for this experiment as LXN and RARRES1 were previously shown to

be upregulated upon differentiation from SC to TA and QB (€dridgeet al., 2013)

All samples analysed hashrichment (above theimmunoglobulin G I§Q control) of
RARRESa&nd LXN promoter sequenceswhen immuno-precipitated with tke antk
H3K27me3 antibody (FidRA. andB. respectively). This was significantly elevated (5.66%
(RARRE$ANd 8.89%L(XN average for all samples across all primer pairs analysed) over
the negative control gene for this ma® APDH(2.16% average for all samples) but to a
much lesser extent @n the positive control gene for this mafRBYN (26.52% average

for all samples). Control genenrichment by ati-H3K27me3 is shown iFig. £C).
Similarly all samples analysed had enrichmenfRARRESind LXNpromoter sequenes
when immuno-precipitated with the antH3K4me3 antibody (Fig42D. and E
respectively). Again the enrichment of these sequences was intermediate between that
of the positive controlGAPDHand the negative contrdPDYN2.35%RARRES2.71%

LXN 11.71%GAPDHINd 0.81% folPDYN Control gene enrichment bgnti-H3K4me3 is
shown in(Fig. 41F) The enrichment oRARRESdromoter sequences by arRNApol Il
(0.63% (average across alimper pairs and sampleBig 42G) was not significantly
different fromthat of the negative control genEDYNO0.52%)Fig. £l.). Converselythe
enrichment of LXNpromoter sequences by arRNApol Il (2.19% (average across all
primer pairs and samplegig. £H.) was significantly different from that of the negative
control genePDYNbut was not enriched to the same level as that of the positive control
geneGAPDH4.07% (Fig.42l.)

For ease of analysis and interpretation, a single representative patientlegii530) is
shown in(Fg. 42M-R). The pattern dresults is the same as the entire cohort: enrichment
of RARRE&d LXNpromoter sequences to an intermediate level between positive and
negative ontrols by anti H3K27me3 (Fig2M. RARRESAnd N. for LXN and anti-
H3K4me3 (Fig.20. RARRESANnd P. for LXN. Finally, the differential enrichment of
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RARRESAnd LXNpromoter sequences by anRNApol Il is shown {ffig. 42Q. andR),
respectively Here, RARRES#asnot enriched over the negative contr&DYNand LXN
was greatly enriched relative toPDYN but to a lesser extenthan that of the positive

control geneGAPDHifter subtraction of Igéhackground binding
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