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SUMMARY OF THESIS

Introduction:Prostate cancer is a leading cause of cancer teatbn. Death is usually
a consequence of castration resistant tumour pegne Some metalloproteinases are
implicated in the process of cancer progressionAKIDS proteinases (A Disintegrin
And Metalloproteinase with ThromboSpondin motifsd anetalloproteinases that play
diverse roles in tissues. Prostate cancer cellseegpADAMTS-1 and -15 but the role
played by these proteinases in prostate cancergssign is unknown. This study was
designed to determine the role of ADAMTS-1 andripriostate cancer progression.

Materials & MethodsProstate cancer and stromal cell tumour sphereés grown in

3-dimensional culture in ECM gel containing a quesd:fluorescent substrate. The
tumour spheroids were observed for evidence ofepigtic activity. Prostate cancer
cells were treated with DHT and TNF. Changes inresgion of ADAMTS-1 and -15
were analysed. ADAMTS-1 and -15 expression was kedaown in PC3 prostate
cancer cells and the effect of knock-down on peadifion, migration and invasion was
analysed.

Results: Tumour spheroids emitted fluorescence after apprately 24 hours in
culture, indicating proteolytic activity. DHT andNF down-regulated ADAMTS-15
expression in LNCaP cells and stromal cells respelgt The validated anti-ADAMTS-
15 antibody detected 50kDa bands, suggesting al ndeavage site within the
disintegrin-like domain of ADAMTS-15. ADAMTS-1 and5 knock-down had no
effect on proliferation, migration or invasion o€B prostate cancer cells.
ConclusionsProstate cancer and stromal cells degrade comfgonéthe surrounding
ECM. ADAMTS-15 but not ADAMTS-1 expression is andem and TNF-regulated.

ADAMTS-1 and 15 expression do not affect the peshation, migration or invasive



potential of PC3 cells vitro. Cleavage of ADAMTS-15 in the disintegrin-like dam
results in the release of a C-terminal fragmenh\pittential anti-angiogenic properties.
Down-regulation by DHT in prostate cancer cellsgagis that ADAMTS-15 could be

playing an anti-tumour role in prostate cancer pgegion.
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“Mankind's three most implacable enemies are H&asease, Pneumonia,
Cancer. And the most baffling of these is Canchichvis rapidly
overtaking the other two for the rank of World'srg{®isease. Mankind's

war of defense on Cancer has only recently begun.”

Time Magazine Editorial, January 12, 1931

“History shows that the progress of the past 50rgdws resulted mainly
from the slow painstaking attack by pathologistd alnicians, on the
problems as presented in the cancer patient, apérgence indicates that

future progress will be along the same tedious @ath

James Ewing, 1937

“What it is that makes apparently normal tissueibdg grow abnormally
and extend beyond its normal boundaries is, asiysdmpletely

understood.”

Anonymous, circa 1959

“Between 1950 and 2000, science has lowered théhdage from heart
attacks and strokes. We’re making great progressbtin cancer. We

have a problem.”

Donald Coffey, October 6, 2009
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CHAPTER 1.

INTRODUCTION

Prostate cancer is a disease of the prostate glantich the epithelial cells lining the
acini of the glandular tissue undergo malignanhgfarmation. The reason for this
transformation is not clearly understood. Prostatgcer is the most common cancer in
men in the western world, and third leading cadseancer mortality in men, surpassed
by lung and colorectal cancer (Jemal 2011). Apprnaxtely 30% of men diagnosed with
prostate cancer will die of the disease (Aus 200Syally as a result of metastases
(Khafagy 2007). The importance of prostate canoepublic health warrants further

study into the mechanisms of pathogenesis andssiggagression.

1.1 Epidemiology of Prostate Cancer

Prostate cancer affects men worldwide. Data frond42@hows an incidence of
approximately 90 per 100,000 and a mortality ofg@ 100,000 for the UK (Collin
2008). Comparative figures from the USA show andecce of 160 per 100,000 and
mortality of 19 per 100,000. Incidence and moryalaries in different populations
around the globe, with the highest mortality repdrin the West Indies, and the lowest
in the Far East (Jemal 2011). Within the USA, AdncAmerican men have the highest
incidence of prostate cancer, and Asian men thst (®dilliams 2009). A similar pattern
of variation in incidence between ethnic groupstexin the UK (Chinegwundoh 2006;
Ben-Shlomo 2008). The incidence of prostate cameereases with age. A study
involving 8887 men with prostate cancer in an uesced population found that the
median age at diagnosis was 75 years (range 40QA26)2005). 12% were aged < 65
years, 37% aged 65-74 years and 51% ag&® years. In populations where serum

PSA testing is used for screening, prostate caiscedetected earlier, with an average
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age of 63 years at the time of diagnosis (HugosXiiiv). Comparing data from the
USA (screened population) with the UK (unscreenedutation), peak incidence was
between ages of 55-64 for USA and age over 85 #r1(Collin 2008), though there is
ongoing concern about over-diagnosis and overtre@itiof prostate cancer in screened
populations. Autopsy studies of men dying from otteuses have shown the presence
of latent prostate cancer as early as the thir@dkeen men living in USA and Spain
(Haas 2008). Regardless of geographical locatibe, grevalence of latent prostate
cancer rises with age, with up to 80% of men ottlan 80 years having foci of cancer

in the prostate at autopsy (Breslow 1977).

1.2 Aetiology and Predisposing Factors

A number of causes have been postulated and igeésti including hereditary factors,
diet and obesity. The relative risk of developinggpate cancer is two-fold if one
brother is affected at age >70 or father <70, 2&ne brother is affected at age <70
years, and three-fold if two relatives are affecedge >70 years (Bratt 2007). The risk
is even higher for men with two or more affectethtrees aged <70 (relative risk of
four), and men with three or more affected relaiaged <70 (relative risk of five)
(Bratt 2007). A number of susceptibility genes hheen identified and investigated in
hereditary prostate cancer, including HPC1 on clesome 1qg24-25, PCaP on
chromosome 1qg42-43, HPCX on chromosome Xg27-28,ECAR chromosome 1p36,
HPC2/ELAC2 on chromosome 17p12, and HPC20 on chsome 20g13 (Bratt 2002).
In addition, a higher frequency of somatic mutagiam a number of genes have been
identified in prostate cancer patients. The lengtithe CAG (Cytosine-Adenosine-
Guanine) repeat of the AR gene is inversely relébethe risk of developing prostate

cancer (Bott 2005). Other somatic mutations idedifare losses in chromosome
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regions 3p, 6q, 79, 8p, 9p, 10q, 13q, 169, 17ql8yland gains in 7p, 7qd, 8q and Xq
(Bott 2005). A combined genome-wide linkage scanl33 families with a high
incidence of prostate cancer by Xu et al identiftbdlomosomes 5q12, 8p21, 15911,
17921 and 22912 as regions harbouring putative eptibdity genes (Xu 2005).
Genome-wide association studies by Eeles et al hesently identified a number of
single nucleotide polymorphisms (SNPs) associatéd tereditary and early onset
prostate cancer from 3,268 patients, and have paspesome candidate affected genes
(in parenthesis). SNPs were identified on chromasodn (CHMP2B, POU1F1),
chromosome 6 (SLC22A3, SLC22A2, LPAL2, LPA), chr@ome 7 (LMTKZ2,
BHLHBS8), chromosome 10 (MSMB), chromosome 11, choesome 19 (KLK2, KLK3)
and the X chromosome (NUDT10, NUDT11, GSPT2, MAGE®BI4, CTD-
2267G17.3, XAGE2/1C/1D/5/3, SSX8/7/2/12B, SPANXN5MHEM29B/29) (Eeles
2008). Further analyses identified seven more S&Rf iromosomes 2p21 (THADA),
2031 (ITGA6), 4922 (PDLIM5) 4924 (TET2) 8p21 (NKX3.11p15 (IGF2, IGF2AS,
INS, TH), and 22g13 (TTLL1, BIK, MCAT, PACSIN2) (s 2009).

A diet high in animal fat and red meat has beewaated with an increased risk of
prostate cancer (Meyer 1999). High dietary calcintake has also been implicated as
conferring increased risk (Giovannucci 2006). Th&-axidant lycopene, contained in
tomatoes has been shown to have a protective ¢Eauinan 2004), as has cruciferous
vegetables (Cohen 2000). The effectsekual activity, previous vasectomy, alcohol
consumption, exposure to ultraviolet radiation amdupation on risk of developing
prostate cancer have been investigated, but ndusinme evidence supports a role for
these (Kolonel 2004). Dietary selenium, previousigught to have a protective effect
from prostate cancer (Clark 1998), has been shavarger studies to have no effect on

prostate cancer risk (Lippman 2009). The role obspatic inflammation as an
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aetiological factor is still under investigation dMarzo 2007), but epidemiological
studies have shown a decreased incidence of pgasater in long-term non-steroidal

drug (NSAID) users (Garcia Rodriguez 2004; Jacdfb2Platz 2005).

1.3 The Prostate Gland

1.3.1 Anatomy

The prostate gland is a walnut-sized exocrine gtaatlis part of the male uro-genital
tract. In Caucasian men, the prostate measureappately 20g in weight with a
volume of 21 cc and increases in size with ager{BE984; Rhodes 1999). On average
the gland is smaller in men of Eastern extracti@anpule 2004; Gupta 2005; Kehinde
2005). Some aspects of prostate anatomy and pbggiare worth noting, as it helps
in understanding the pathophysiology of prostatecea and the various management
strategies.

The anatomy of the prostate has been recently wedeby Brooks (Brooks 2007).
Figure 1.1 shows the anatomic relationships optiestate. The apex of the prostate lies
inferiorly and the base lies superiorly. Supermthe prostate is the bladder and inferior
is the urogenital diaphragm made up of fibres ef ldvator ani muscle and its fascia.
The urethra passes from the bladder through th&tggegland before entering the penis
to open externally. The prostate is bound later&lly the lateral venous plexus,
neurovascular bundles, and the endopelvic fasgecial effort is made to preserve the
neuro-vascular bundles during a radical prostategton order to maintain potency
(Walsh 1983). Superior-posterior to the prostatesitimer side are the seminal vesicles
and vas deferens. These merge to form the ejacyldtts that enter the prostate at the
base, coursing through the substance of the peoatat opening into the distal prostatic

urethra. The prostate is attached to the pubic lkmorteriorly by the pubo-prostatic
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ligaments. Blood supply to the prostate is fromitiferior vesical artery, which divides
into urethral and capsular branches. Venous draioagurs via the periprostatic plexus
of veins into the hypogastric vein. Lymphatic vésdeom the prostate drain into the
obturator and internal iliac lymph nodes on eithele and into the para-aortic lymph
nodes. These lymph nodes become enlarged wherbdwme infiltrated with cancer
cells (Long 1999). The prostate is innervated l®/ ¢avernous nerves which supplies
sympathetic and parasympathetic innervation. Syhgbiat nerve fibres supply the

smooth muscle and stroma, while parasympatheticerfdsres supply the acini.

Ureter

Lymph node

Figure 1.1: Anatomy of the male genito-urinary syst Front and side views show the
anatomic relationship between the prostate gland anrrounding organs. (Image

obtained from the National Cancer Institute wehsitevw.cancer.gov, and used with
the permission of the copyright holder).

The prostate gland is bound externally by a fibroagsule made up of collagen and
smooth muscle. Extension of tumour beyond the dapseduces the chance of

complete tumour resection at prostatectomy (AyakB9). Continuous with the capsule
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is the fibromuscular stroma. The stroma encirclesiavests the glandular components
of the prostate.

The prostate gland can be divided into four zonHse transitional zone, which
surrounds the prostatic urethra, the central zdmeugh which the ejaculatory ducts
traverse, the peripheral zone, which is the largeste and forms the posterior and
lateral parts of the gland, and the anterior fibusoular stroma (Figure 1.2) (McNeal

1972; McNeal 1981).

Peripheral Zone

Figure 1.2: Zonal anatomy of the prostate gland @escribed by J.E. McNeal.

Schematic representation of the zones of the pestaowing the anatomic relationship
of the zones to the urethra (U), and seminal vesi¢8). The drawings were modified
and used with permission from Wolters Kluwer He&ublishing.

About 30% of the prostate is stromal tissue and #gtandular tissue (McNeal 1988).
The prostatic glands have a tubulo-alvoelar strectined with simple cuboidal or

columnar epithelium. The glandular acini are sundmd by a thin layer of stromal

smooth muscle and connective tissue. The prostaticetions drain into the prostatic

urethra via the prostatic sinuses.
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1.3.2 Prostate Cells

At the microscopic level, prostate tissue is cosgui of epithelial and stromal
compartments, separated by the basement membrapegR.3). Each compartment

contains distinct cell types, surrounded by ECM.

Basal cell Secretory epithelial cell
3 s el
n FE o . FE = . 7E 7 Epithelial compartment
[ ! é -ﬁ
Basement membrane
=

=
== Stromal compartment

Fibroblast

Smooth muscle cell Endothelial cell

Macrophage
Figure 1.3: Cells of the prostate gland. Schematpresentation of the cellular
environment of the prostate showing cells of ththefpal and stromal compartments.
1.3.2.1 Epithelial Cells
Prostate epithelial cells are of three types, sepreepithelial cells, basal cells and
neuroendocrine cells. The secretory epithelialscate the most abundant (Peehl 2005).
These cells are tall columnar epithelial cells theg terminally differentiated. They
originate from the basal cells and become diffeaded, expressing cytokeratin 8 and
18, unlike the basal cells which express cytokesab and 14 (Brawer 1985). They
contain abundant granules of secretory vacuoletacong PSA, acid phosphatase and
aminopeptidases. The apical cell membrane at therupossesses microvilli and form

the lining of the acinus. The secretory granulegrate to the apex of the cells where
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they are secreted into the lumen of the acini wiicin into the prostatic ducts, ending
up in the urethra. The cells are attached to tisernant membrane and adjacent cells by
integrin receptors. Secretory cells express ARardhormally androgen-dependent for
growth and survival (Leav 1996). Androgen ablatieads to a 90% decrease in the
number of these cells and the remaining cells lamengen in size (Tetu 1991).

The basal cells are small cells that rest on tleeip@nt membrane, wedged between
adjacent columnar secretory cells. They proliferatel replenish the epithelial cells
(McNeal 1995; Kyprianou 1996). Basal cells expr&@BsmRNA but little or no protein
(lwamura 1994; Leav 1996). Prostate stem cells leen reported to lie in the basal
layer (Schalken 2003). Evidence for the existeriqgarastatic stem cells is supported by
the presence of cells highly expressimg; integrins (Collins 2001) and telomerase
(Soda 2000). Prostatic stem cells have the potetiadifferentiate into mature
epithelial cells, and are thought to be the ormfimalignant clones of cells that develop
into cancerous lesions (Collins 2006).

Neuroendocrine cells make up a small percentagethef epithelial component
(Bonkhoff 1998). They release neuropeptides anokayes that regulate the growth and
differentiation of the surrounding epithelial celilsa paracrine fashion (Abrahamsson
1999).

1.3.2.2 Stromal Cells

The stromal component of the prostate surroundgldnedular acini and composed of
different cell types including smooth muscle cefibroblasts, endothelial cells, and
inflammatory cells. Smooth muscle cells make upuab®% of the mass of the stroma
(Bartsch 1979), and contract under sympathetic radgec stimulation during
ejaculation to expel prostatic fluid from the acand ducts into the urethra (Furuya

1982). Fibroblasts produce numerous growth faatarsiding fibroblast growth factor
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(FGF), epidermal growth factor (EGF), transformgrgwth factor-alpha (TGle) and -
beta (TGFB) (Hellawell 2002). These growth factors act in agerine fashion to
regulate growth and development of normal and rastigl prostate epithelium (Steiner
1993). Epithelial-stromal interactions are requifednormal development of both the
stromal and epithelial components of the prost@tenfa 2004).

1.3.3 Extracellular Matrix of the Prostate

The ECM is the acellular, complex network of progi glycoproteins and
proteoglycans that form the basement membrane achwépithelial cells lie and
surrounds the cells in the stromal component. Thewk components of the ECM
include collagens, chondroitin sulphate proteoghgcdike aggrecan and versican,
heparan sulphate proteoglycans, glycoproteins dlastin, laminin, fibronectin and
thrombospondin (Kalluri 2003; Rowe 2009). The ECbinponents form a structural
scaffold for the cells and confers tensile streraytd compressive resistance to tissue
(Heinegard 2009). In addition to structural funogspthe ECM molecules also have
several other functional roles. Some of these nubdscpossess peptide domains that
regulate cell functions, and growth factors serest by ECM molecules are released
during ECM proteolysis (Ruoslahti 1991; Schultz 200

The ratio of these ECM components varies betweterent tissue types. In the human
prostate, CSPGs of different sizes have been ftshti (Goulas 2000).
Immunohistochemical staining of prostate tissue dentified CSPGs, type IV
collagen, perlecan and laminin distributed evenlythe stromal component, however
there was increased peri-acinar staining of CSR@ggesting that CSPGs could be
playing a role in basement membrane structure anctibn (Cardoso 2004). Syndecan-
1, a HSPG, is expressed by epithelial basal anetesg cells, and is associated with a

higher risk of disease progression (Chen 2004;i&h2008). Versican and decorin are
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secreted by human prostate fibroblasts (Sakko 200&)sican has been identified as
the major component of prostate ECM (Ricciardedi®®; Ricciardelli 1999). Versican
modulates the attachment of prostate cancer alSQM components, and promotes
cell migration, possibly by binding to the RGD pdptin ECM molecules like
fibronectin to which cellular integrins attach (8ak2003). Versican is also reported to
protect cells from oxidative stress and apoptog¥s (2005). Versican expression in
prostate fibroblasts is up-regulated by T@FSakko 2001). Interestingly, TGFdown-
regulates the expression of the proteoglycanaseAMIB-1 and -15 in prostate
fibroblasts and up-regulates the expression anditgctof the metalloproteinase
inhibitor, TIMP-3 (Cross 2005), suggesting that siesn accumulation may be
dependent on depletion of ADAMTS-1 and -15 in ti@&ME

1.3.4 Prostatic Secretions

Prostatic secretions make up approximately 0.5mthef human ejaculate (Tauber
1975). Just over 1000 distinct proteins have beeteated in 2-dimensional
electrophoresis of prostatic fluid (Guevara 198%)e three main proteins contained in
prostatic fluid are prostatic acid phosphatase (P pfstate specific antigen (PSA) and
beta-microseminoprotein {MSP) (Lilja 1988). Human PAP is a non-specific
phosphomonoesterase secreted as a dimer of malenakss of 100kDa (Ostrowski
1994). PSA (human kallikrein 3) is a serine prasm that is secreted as a 34kDa
glycoprotein that keeps liquefies semen post-e@imn by cleaving seminogelins to
facilitate sperm motility (Balk 2003). Beta-microsmoprotein is a 94kDa protein that
binds human immunoglobulin-gamma and protects sgesm being destroyed in the
female reproductive tract (Kamada 1998). Otherginst that have been isolated from
the prostate include the spermadhesins AQN 2 antNAREP | and PSP 1l (Manaskova

2002). Citric acid, lactate dehydrogenase and amcalso present in prostatic fluid
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(Grayhack 1965). The pH of prostatic fluid rangesf 6.2 — 8, and is regulated by the
concentration of citric acid (Kavanagh 1985).

1.3.5 Androgen Requlation of the Prostate

The prostate depends on androgens for normal dawelot and function (Sandberg
1980; Nef 2000). Eunuchs, castrated at an earlydag®et have fully developed glands,
and withdrawal of androgens leads to atrophy of ghestate (Wu 1991; Civantos
1995). Androgens regulate the secretory functiorproftate epithelial cells. Growth
and proliferation is mediated by the prostaticrsiabcells, which secrete growth factors
in response to androgen stimulation (Steiner 18&@3awell 2002). The most abundant
androgen in humans is testosterone, with the t@stetucing up to 95% of circulating
androgen, with the remaining 5% from the adrenap(ih 2001). Androgen production
and secretion is regulated by the hypothalamus @ndtary gland by a negative
feedback system (Figure 1.4). The hypothalamusseke lutenising hormone releasing
hormone (LHRH), which stimulates the anterior gy gland to release luteinizing
hormone (LH). LH stimulates the Leydig cells of tiestes to secrete testosterone. The
hypothalamus also secretes corticotrophin reledsargrione (CRH), which stimulates
the anterior pituitary to release adenocorticocdmrmone (ACTH). ACTH stimulates
the release of androstenedione and dihydroepiatedooe from the adrenal cortex
(Cunha 2004). Testosterone from the circulatiorwasverted in the prostate byd5-
reductase to DHT, the androgen which is most adhivprostate tissue (Steers 2001;
Zhu 2003). Serum level of DHT in men diminishesdaing prostatectomy (Miller
1998; Olsson 2010), suggesting that prostate tisstiee major contributor of DHT to
serum. Serum levels of FSH and LH are increasddvwiolg prostatectomy, indicating
that prostatectomy leads to alterations to the thegdeedback mechanism on the

hypothalamo-pituitary-gonadal axis.
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Figure 1.4: Production and regulation of androgenghe hypothalamus produces
LHRH which stimulates the anterior pituitary glaiol secrete LH. LH stimulates the
testes to produce testosterone. The hypothalansespbduces CRH which stimulates
the anterior pituitary gland to produce ACTH. ACHBtmulation causes the adrenal
glands to secrete androstenedione and dihydroepasterone. The system is regulated

by negative feedback loops to maintain homeostasis.

1.4 Pathology of Prostate Cancer

1.4.1 Pathogenesis of Prostate Cancer

Prostate cancer develops from the epithelial corpbof the gland. It is not certain
what the initiating events may be, but the tramsftion to malignancy is likely to be
multifactorial, involving several steps. Prostaiimraepithelial neoplasia (PIN) is
proposed to be the precursor lesion of prostateecaiGraham 1992). As with prostate
cancer, the incidence of PIN increases with ag&r($893). The frequency of PIN is
higher in prostates with cancer, and the peripheosle, where most cancers occur

harbours most foci of PIN (Qian 1997). PIN is cletedased by a progressive loss of
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markers of secretory differentiation, hyperplasrarease in nuclear size, prominent
nucleoli, hyperchromatism, changes in ploidy, anggpessive disruption of the basal
cell layer with an intact basement membrane (Ba#wi987; Montironi 1990; Amin
1993; Crissman 1993). There is a progression fmandrade to high grade PIN, then to
carcinoma in-situ (Bostwick 1987; Montironi 1990)he malignant cells in CIS foci
degrade the basement membrane and invade the stfommang a localised tumour.
Cancer cells from localised tumours invade surroundtissues and eventually

metastasize via vascular and lymphatic channels€\4/@37; Arya 2006).

- Metastasis

Normal Low Grade
Epithelium PIN

Figure 1.5: Progression of prostate cancer. Progbsequence of changes from normal

epithelium and ending with metastatic cancer cafldistant sites.

1.4.2 Grading of Prostate Cancer

The Gleason grading system was described by Glaast®66 (Gleason 1966), and is
accepted as the standard for describing the degfedifferentiation of prostate
adenocarcinoma (Murphy 1994). The system classifies histopathologic features
from 1 to 5, with 1 being well differentiated andpborly differentiated (Bailar 1966)
(Bailar 1966) (Figure 1.6). The Gleason scoredgiavation of the Gleason grade and is
a sum of the two most predominant grades. Thussthason score could range from 2
to 10. Grades 2 to 5 are classified as low grade, ®&medium grade and 8 to 10 high
grade prostate cancer (Epstein 1996). The Gleasmmre semains the best prognostic

indicator in clinical use (Albertsen 1998; BuhmeR{6).
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Figure 1.6: The Gleason grading system. On theisefie schematic template devised
by D.F. Gleason showing changes in glandular molpdy and tissue architecture
from well differentiated Grade 1 progressing throug poorly differentiated Grade 5.
On the right is a Haematoxylin/Eosin stained hisgtal slide at x 300 magnification.
The top half of the slide is moderately differet@thgrade 3 and the bottom half is
poorly differentiated grade 4. (Image on left wampted from the original drawing by
D.F. Gleason and used with permission from Black®eblishing Inc. Image on right
was used courtesy of Otis Brawley and obtained ftbenNational Cancer Institute

website, www.cancer.gov).

1.4.3 Staging of Prostate Cancer

Prostate cancer is staged according to the univEM (Tumour, Node, Metastases)

staging system of the International Union Againah€er (Sobin 1988; Schroder 1992).
This system takes into account the extent of lepatad of the tumour (T) the presence
of lymph node infiltration (N) and the presencenoétastases to distant organs (M)
(Table 1.1). Localised tumours are confined witthi@ capsule of the gland (Figure 1.7).

Prostate cancer can spread locally (Figure 1.8)ftkrate surrounding tissue including
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the pubic bone anteriorly, the bladder superiotlye seminal vesicles supero-
posteriorly, or the rectum posteriorly. Local growdan also obstruct the distal ureters
or cause compression of the urethra as it passesgth the prostate causing bladder
outflow obstruction (Mazur 1991; Paul 1994). Lympide infiltration usually occurs in

stepwise fashion, first involving the iliac lymplode chain, progressing to the para-
aortic nodes and mediastinal nodes, and in advadwshse, inguinal, axillary and

cervical nodes could be involved (Long 1999). Ratestcancer has a predilection to
metastasize to bone (Figure 1.9). Bone is the rostmon site of metastasis and
occurs in up to 95% of prostate cancer patientdéBdorf 2000). Bone metastases
cause severe morbidity in prostate cancer patién¢sto pain, pathological fractures

and spinal cord compression (Osborn 1995; Khaf&g§y 2

Tumour Tx  Primary tumour can not be assessed
TO No evidence of primary tumour
T1 Tumour clinically inapparent, not palpable, not visible by imaging
T2 Tumour confined to prostate, palpable or visible on imaging
T3 Locally advanced tumour

T4 Tumour fixed or invades adjacent structures i.e. bladder, rectum or pelvic
wall

Nodes NXx Regional lymph nodes can not be assessed
NO No regional lymph node metastases
N1 Regional lymph node metastases

Metastasis Mx Presence of distant metastases can not be assessed
MO No distant metastases

M1 Distant metastases present in non-regional lymph nodes, bones or other
sites

Table 1.1: Summary of the TNM staging system fostate cancer.
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Figure 1.7: Magnetic resonance imaging (MRI) of thelvis of a prostate cancer
patient. Image shows a localised tumour the prestdand (Jones, H.E.). MRI can be

used to detect extra-capsular extension of tumogetvic lymph node invasion.

Ureter

Lymph node

Vas deferens

Bladder

Seminal vesicle
Prostate gland

Rectum

Urethra

Cancer may spread

\ Ir':‘-_, F-‘Wiggﬁtﬁammans

Figure 1.8: Local progression of prostate cancBne tumour can progress from a T1
tumour in A to a T2 tumour in B, invasion of thens®al vesicles (T3) in C, and

eventually invasion of the rectum, pubic bone, palic lymph nodes (T4, N1) in D.
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(Image obtained from the National Cancer Institutebsite, www.cancer.gov, adapted

and used with the permission of the copyright hglde
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Figure 1.9: Radio-nuclide bone scintigraph of a gate cancer patient. The disease
has progressed, showing evidence of multiple bogtastases. There are multiple ‘hot
spots’ in the skull, right humeral head, ribs, wmtae, pelvis, right femoral head and

left femoral mid-shaft.

1.4.4 Role of the Androgen Receptor in Prostatec€an

Androgen-regulated gene expression is mediatedhgaaction of nuclear receptors
(Lee, D.K. 2003). The AR is classified as an N3@4lear receptor (Robinson-Rechavi
2003; Robinson-Rechavi 2003). The AR gene is latate the long arm of the X
chromosome at Xgl1l-12 (Lubahn 1988). The proteia Approximately 900 a.a.
residues (Trapman 1997), and has a relative ma€9-dfl0OkDa depending on the
degree of phosphorylation (Trapman 1988). Therdanredomains, the amino-terminal
domain (NTD), which interacts with co-regulator f@ias, the DNA binding domain

(DBD), which binds to DNA after activation, a hingegion (HR), and the ligand
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binding domain (LBD), which binds to androgens &l antagonists (Jenster 1992).
The NTD has a polymorphic CAG repeat segment, éngth of which is thought to
inversely correlate with the risk of prostate can@ott 2005). The AR could have up
to 930 a.a. residues depending on the length ofOA& repeat segment (Trapman
1997).

Activation of the AR causes a conformational chaimgthe receptor, dissociation from
heat shock proteins (HSPs) and translocation ofeéheptor from the cytoplasm to the
nucleus (Lee, D.K. 2003). The activated AR bindsARES located in proximity to
androgen-regulated genes (Brinkmann 1999; Claes2664) and influences gene
transcription either by up-regulation or down-regigdn of the target gene. AREs are
15-base pair (bp) DNA sequences comprising twdogikalf sites separated by a three-
bp spacer. The sequence 5-GGA/TACANNnTGTTCT-3' haen described as the
consensus ARE (Roche 1992).

In addition to growth stimulation via the action gfowth factors (Steiner 1993),
androgens protect prostate cancer cells from app{Qoffey 2002), induce invasion
by prostate cancer cells (Chuan 2006), and alsoufaangiogenesis within the prostate
stroma (Stewart 2001; Colombel 2005). Androgen igdapon therapy (ADT) in the
form of surgical or medical castration is usedha management of locally advanced,
metastatic, or relapsing disease (Soloway 1991)drégen deprivation leads to
reduction in the size of prostate tumours, andsthe and number of metastatic deposits
(Huggins 1942). ADT reduces serum androgen conagois to undetectable levels
(Seidenfeld 2000; Anderson 2008), and slows thgression of prostate cancer. High
expression levels of AR in cancerous prostatessso@ated with more aggressive
disease (Li 2004). Mutations of the AR are seerasnmany as 50% of advanced

prostate cancers (Taplin 1995; Marcelli 2000).
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Translocation of the androgen-regulated TMPRSSandmembrane protease serine 2
or epitheliasin) promoter to ETS (E twenty-six) nsaription factor genes, more
commonly ERG (ETS related gene), has been idedtifieip to 79 % of prostate cancer
specimens (Tomlins 2005) and has been associatéd aggressive disease (Wang
2006). The TMPRSS/ERG fusion leads to androgenlatgg over-expression of the
ETS oncoproteins, favouring tumour initiation amdgression (Narod 2008; Tomlins
20009).

Androgens have been reported to down-regulate stpeession of E-cadherin and up-
regulate N-cadherin in prostate cancer cells (ZHM02 changes which are
characteristic of epithelial-mesenchymal transitfBMT). EMT is a process by which
differentiated epithelial cells de-differentiatedanssume a mesenchymal phenotype.
Markers of epithelial cells for example E-cadheand B-catenin are lost, and
mesenchymal cell markers for example N-cadherinvamentin are expressed (Thiery
2003). This change is similar to a process seemgl@mbryonic development which
allows endodermal cells to migrate during orgamiation. EMT is is frequently found
in cells at the invasive front of solid tumours aimmd metastatic deposits and has
therefore been implicated in increased cancer roelility, tumour progression and
metatstasis (Yilmaz 2010). The expression levethef androgen receptor in prostate
cancer cells appears to be critical in androgengad EMT. Paradoxically, cells
expressing low levels of AR were more susceptibl&MT than cells expressing high
levels of AR (Zhu 2010).

AR signalling is evident in hormone-resistant patstcancer (HRPC), despite castrate
levels of serum testosterone (Mohler 2004), and #dhalling in HRPC promotes

cancer cell proliferation (Zegarra-Moro 2002). Téadmdings implicate the AR in the

43



pathogenesis and progression of prostate cancereXdct mechanism of AR signalling

in HRPC progression is not fully understood (Sclera2D08; Yuan 2009).

1.5 Management of Prostate Cancer

Management options for prostate cancer are guidedhé stage and grade of the
disease. In clinical practice, the extent of diseasuld be categorised at the time of
diagnosis as localised (T1-T2, NO, MO0), locally adeed (T3-T4, any N, MO) or
metastatic (any T, any N, M1) disease. The choitevioether to treat and what
treatment is best has to be made with the patiaking into account the best clinical
evidence available at the time (Patel 2003). Carcensensus guidelines for prostate
cancer management have been published by the Eamrofssociation of Urology
(EAU) (Heidenreich 2008) and the National Compreing: Cancer Network (NCCN)
in North America (Mohler 2010). The treatment opsiocurrently recommended are

summarised in Table 1.2.

Stage Management Options
Localised disease Active surveillance, Radical radiotherapy, Radical
(T1-T2, NO, MQ) prostatectomy
Locally advanced disease Radical prostatectomy (selected T3, NO), Radical radiotherapy
(T3-T4, any N, M0) (T3, NO), Androgen deprivation therapy

Metastatic disease

(Any T, any N, M1) Androgen deprivation therapy, Palliative radiotherapy

Hormone-refractory disease

(Any T, any N, M1) Chemotherapy

Table 1.2: Established management options for pttieith prostate cancer.

1.6 The Role of Proteinases in Prostate Cancer Tumogenesis, Progression and
Management
Proteinases (or peptidases) are a group of oveefif@mes in humans whose action is

to cleave peptide bonds in proteins. The genes ¢hde for proteinases or their
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homologues in humans account for approximately 2¥hehuman genome (Rawlings
2006). The International Union of Biochemistry alblecular Biology has divided

proteinases into 2 groups; Endopeptidases (oripestes), which cleave peptide bonds
at specific points within the protein and exopegsiels which remove amino acids
the N terminus

sequentially from either terminus (aminopdgtes) or C

(carboxypeptidases) of the protein. The MEROPS siflaation
(www.merops.sanger.ac.uk), divides the proteinasts families according to their
structure and evolutionary relationships (Rawli@2§96). Another useful classification
system is to group the proteinases according toefidue or moiety at the centre of the
active catalytic site e.g. cysteine proteinasesnseproteinases, aspartic proteinases,

metalloproteinases etc. (Table 1.3).

. Serine Cysteine Aspartic

Metalloproteinases : : :
Proteinases | Proteinases | Proteinases

MMPs PSA Caspases Pepsin
ADAMs uPA Cathepsins Renin
ADAMTSs Thrombin Calpains Cathepsin D
PSMA Prostasin
Neprilysin

Table 1.3: Classification of selected proteinasesoading to the nucleophylic amino

acid residue at the catalytic site.

In humans, proteinases serve various roles andnacdved in numerous biological
processes including digestion, coagulation, imnynindocrine function, blood
pressure regulation and maintenance of tissuetaothre. Their activity is regulated at
the levels of transcription and translation andtiy activity of proteinase inhibitors,
over 100 of which are encoded in the human gendétaw/iings 2006).

Proteinases are involved in complex activation wags and cascades. The most

extensively characterised of these is the bloodgwadéion cascade. Timely blood
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coagulation is essential for maintaining intravdaculuid volume. The successful
formation of a fibrin clot is dependent on sequardictivation of clotting factors, most
of which are serine proteinases, from the inacpve-enzyme by other proteinases
(Davie 2003). Other proteinase activating cascatesthe complement system for
maintaining innate immunity, which comprises mairdgrine proteinases (Forneris
2012), and the apoptosis pathway, which involvesalsactivation of caspases to
achieve programmed cell death (Wang, Z.B. 2005).

The activity of proteinases in the ECM makes themdgcandidates for research into
tumourigenesis, tumour progression and tumour redEds Riddick et al have
compared the expression of degradome componeriienign and malignant prostate
tissue and analysed the correlation with Gleasares¢Riddick 2005). The results
showed that some proteinases are dysregulated astape cancer and correlate
positively or negatively with Gleason grade (Taldlel). This suggests that these

proteinases may be playing a role in tumour prajoes

Up-regulated Down-regulated
(Correlation with Gleason Score) (Correlation with Gleason Score)
MMP10(+), MMP15(+), MMP24(+), MMP2(-), MMP23(-), Maspin(-), TIMP3(-),

MMP25(=), MMP26(+), Hepsin(+), MTSP1(+), | TIMP4(-), RECK(-), PAI2(=)

UPA(=), UPAR(+), PAIL(+)

Table 1.4: Expression of proteinases, their receptnd inhibitors in prostate cancer
and correlation with Gleason score. MTSP1- Matrgga uPA- Urokinase type
plasminogen activator, uPAR- Urokinase type plasgém activator receptor, PAI-
Plasminogen activator inhibitor, TIMP- Tissue iniddy of metalloproteinases, RECK-
Reversion-inducing cysteine-rich protein with Kazabtifs . + indicates positive

correlation, - indicates negative correlation, =diicates no correlation.
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The studies on the role of proteinases in prostateer have generally investigated the
effect of proteinase activity on tumourigenesisnour growth, cell motility and

invasiveness, angiogenesis, metastasis and clmiaahgement (Table 1.5).

Biological Proteases References
Activity Implicated
Tumourigenesis | + Cathepsins Nagler 2004
- Caspases Earnshaw 1999, Jiang 2001
Tumour Growth & |+ MMP-7 Miyamoto 2004
Proliferation + MMP-9 Fowlkes1994, Manes 1999
+ UPA Angelloz-Nicoud 1995
+ PSA Lee 1994
- Neprilysin Osman 2006, Horiguchi 2007
Migration + Calpains Rios-Doria 2003
+ Thrombin Black 2007, Loberg 2007
Invasion + MMP-9 Aalinkeel 2004
+ MMP-14 Udayakumar 2003
+ uPA Pulukuri 2005
- Prostasin Chen 2001
- PSMA Ghosh 2005
Angiogenesis + Thrombin Kaushal 2006
+ ADAM-17 Black 1997, Fajardo 1992
- ADAMTS-1 Vazquez 1999, Luque 2003,
- ADAMTS-8 Kuno 2004
- Neprilysin Vazquez 1999
Horiguchi 2007
Metastasis + MMPs Nemeth 2002
+ PSA Romanov 2004
+ uPA Lee 2004, Kerchhiemer 1985,
- PAI Hiernet 1988
Soff 1995

Table 1.5: Summary some known and putative bickbgictivities of proteinases in

prostate cancer. (+) indicates a positive eff¢gtjndicates a negative effect.

1.6.1 Tumourigenesis

The factors that initiate the transformation of mat cells to malignant cells are not

fully understood. However, the outcome is alwaysimerease in the ratio of cell

a7



proliferation relative to cell death. Caspases members of the cysteine proteinase
catalytic class. Caspase-induced apoptosis istetfeby a complex cascade, which
results in the cleavage of cellular and nucleatgang that are essential for cell survival
(Earnshaw 1999). Caspase-2, 8, 9 and 10 are aritaspases, because they cleave the
precursors of caspase-3, 6 and 7, which are effeaspases. Activation of caspase-3,
7, 8 and 9 has been shown to effect apoptosidis (@&olf 1999), with caspase-9 being
the initiator caspsase for the intrinsic (mitochieal)l apoptotic pathway and caspase-8
the initiator for the extrinsic (death receptorfhveay. Caspase-8 mediated apoptosis
can be activated by selenium compounds (Jiang 20043pase inhibitors halt the
cleavage of cellular components (Jiang 2001), thereestricting the process of
apoptosis. Apoptosis is the natural process of narmagied cell death therefore
inhibition of the activity of caspase proteinasesild be one of the initiating steps in
tumourigenesis, by allowing uncontrolled cell pieiation and the establishment of
malignant cell populations.

Lysosomal cysteine proteinases, are so called becafithe cysteine residue at the
catalytically active site. This group of proteinasmuld also be involved in the early
stages of prostate cancer development. There gheeixipression levels of cathepsin-X
in invasive carcinoma of the prostate (Nagler 20®jferences in protein expression
were analysed in normal, prostatic intraepitheliedoplasias (PIN) and prostate
carcinoma tissue. PIN and carcinoma tissue hadehigkpression of cathepsin—X than
normal epithelial tissue, suggesting that cathepsimay be involved in the early
change from normal to malignant tissue. These fiigsliare not enough evidence that
cathepsin-X plays a role in the malignant changeth&f prostate epithelial cells.

Functional studies are required to show if indesadhepsin-x plays a role in initiating
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the transformation of the epithelial cells, or thereased expression is a consequence of
earlier events.

1.6.2 Tumour Cell Growth & Proliferation

The transformation of normal prostate epithelidlsces malignant cells is followed by
proliferation of the malignant cell population whimay be slow or rapid, depending on
the phenotype of the cells. Insulin-like Growth feas (IGFs) are proteins that have
homology to insulin. Availability and activity ohése growth factors and their binding
proteins, Insulin-like Growth Factor Binding Protei (IGFBPs), in the prostate are
under the influence of proteinases. MMPs are mesnloé the metalloproteinase
family. MMP-1, 2, 3, 7 and 9, have been shown teaece IGFBPs in fibroblasts
(Fowlkes 1994; Miyamoto 2004), thereby releasing ¢gnowth factor so it is able to
bind to its cell surface receptor. MMP-9 has besported to cleave IGFBP-3 in DU-
145 prostate cancer cell lines (Manes 1999). Cigava IGFBP-3 caused increased
activity of IGF-1 and protected against apoptodiByémoto 2004). These findings
indicate that by cleaving IGFBPs, these MMPs ineeethe bioavailability of IGF,
promoting cell growth and proliferation.

Human Kallikrein-3 (hKLK3, PSA) has also been shawrncleave IGFBP-3n vitro,
but serum of men with elevated PSA did not haveespondingly high levels of
IGFBP-3 fragments (Koistinen 2002). This could Imetipreted to mean that even
though PSA cleaves IGFBPH3 vitro, serum IGFBP-3 is not cleaved by PSA, perhaps
as a result of the presence of PSA inhibitors nurse However, IGFBP-3 in seminal
plasma is cleaved by PSA (Lee 1994), suggestinghleacleavage of IGFBP-3 by PSA
is localised to the prostate. Hence proteolyticvagtof PSA could also be increasing
bioavailability of IGFs in the tumour microenviroemt and promoting cell

proliferation.

49



IGFBP-3 is also cleaved by plasmin, a serine pnat® which is itself activated by the
cleavage of a precursor protein, plasminogen, lysterine proteinase urokinase-type
plasminogen activator (Lee, M. 2004). The actiafyuPA has been shown to increase
the proliferation rate of PC3 celis vitro (Angelloz-Nicoud 1995) and the addition of a
serine proteinase inhibitor, 4-(2-aminoethyl)-beremilfonyl fluoride, to the medium
inhibited the activity of uPA and led to a decreaseell proliferation. As previously
mentioned cleavage of IGFBP-3 increases the bitaubiy of IGFs and promotes cell
proliferation. However the use of a broad serir@gnase inhibitor would inhibit other
serine proteinases meaning that the effects orpoaiferation might not be specifically
attributed to the activity of uPA. Unlike the pristases already discussed in this
section, neprilysin (Neutral Endopeptidase), a s@iface proteinase, is reported to have
a negative effect on prostate cancer cell prolifena(Osman 2006). Induction of
neprilysin expression in prostate cancer cellsvivo caused attenuation of tumour
growth, and over-expression of neprilysin also tredeffect of decreasing cell viability
and proliferation (Horiguchi 2007). The anti-preliative effect of neprilysin may be as
a result of the inactivation of fibroblast growtictor-2 (FGF-2) (Horiguchi 2008).

1.6.3 Tumour Cell Motility, Migration & Invasion

The invasive potential of tumour cells is deterrdigy their ability to migrate outside
the confines of the basement membrane and thrdugtsurrounding ECM. There is
also evidence that tumour cells can migrate, albsi efficiently, through the ECM in
the absence of proteinase activity (Wolf 2003). émiber of proteinases have been
found to play a role in the motility and invasivetgntial of prostate cancer cells.
Cathepsins B, H, and L are more highly expresseg@rimary cells cultured from
cancerous parts of the prostate compared to aelis fdjacent non-cancerous tissue

(Friedrich 1999). Cathepsins B and L have also besorted to be expressed in
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prostate cancer cell lines (Friedrich 1999; Col2®2). In the latter study, the cysteine
proteinase inhibitor, E-64 (trans-epoxysuccinyleudyl-amido(4-guanido)-butane),
reduced the invasiveness of PC3 and DU145 cellaieder, the inhibitory action of E-
64 is not specific to cathepsins B and L as it bitei all papain family members.
Transfection of PC3 cells with a plasmid coding ¢biicken cystatin, an endogenous
cysteine proteinase inhibitor, led to decrease@sie potential of the cells (Colella
2003). Collectively, these studies suggest thatetye proteinases play an active role
in prostate cancer cell invasion. Calpains areetystproteinases that have been shown
to cleave the cytoplasmic domain of E-cadherin $Fboria 2003). E-cadherin is a
trans-membrane structural protein which mediatasrdh intercellular adhesion in
secretory tissues (Geiger 1992). Calpains are expressed in localised and metastatic
prostate cancer specimens (Rios-Doria 2003), aoskate cancer specimens have been
reported to show aberrant or negative stainindefoadherin (Tomita 2000). Proteolytic
cleavage of E-cadherin and subsequent loss oflateli-cell adhesion would promote
cancer cell motility and invasive potential.

Thrombin is a serine proteinase which is instruralemmt blood clotting and is also a
growth factor, acting through proteinase activatieceptors (PARs). Thrombin cleaves
the N-terminus of PARs, which then act as a tethégand and activates the receptor
(Coughlin 2003). PAR-1, -2 and -4 are over-expréssemalignant prostate cancer
tissue and high expression of PAR-1 also prediaishemical recurrence of prostate
cancer (Black 2007). Activation of PAR-1 and -2 antes migration of LNCaP cells
(Black 2007) and stimulation of PC3 cells with tmgin activated PAR-1 and caused
cell detachment and increased chemotactic migrafimberg 2007). These studies
suggest that activation of PARs by thrombin incesathe potential of prostate cancer

cells to migrate.
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MMPs are known to degrade ECM components (Lee, 8042 The activation of
MMPs is dependent on cleavage of the propeptidethgr MMPs, cathepsins and

plasmin (Lee, M. 2004) (Figure 1.10).

Cathepsin D,
Cathepsin G, pro-uPA
Elastase, or uPA
Procathepsin B — cathepsin B l
uPA proMMP-1,.3,12,13
plasminogen — plasmin !

MMP-1,3,12,13

MMP-3 or 2

ProMMP-9 — MMP-9

MMP-14, TIMP-2

ProMMP-2 - MMP2

Figure 1.10: Activation cascade of some of the gubttic enzymes involved in tumour

metastasis. The enzymes in bold type degrade te EC

This illustrates the point that there is a cascafleevents involving a number of
proteinases and their inhibitors that regulate E@@Mover.In vitro, MMP-9 increases

the invasive potential of prostate cancer celldif&alinkeel 2004). The more invasive
PC-3 and DU-145 cell lines have higher expressoels of MMP-9 relative to the less
invasive LNCaP cells. Over-expression of MMP-9 iNQaP cells increased their
invasive potential and knockdown in PC-3 and DU-L#8s reduced their invasive
potential. In another study, inhibition of MMP-1MT-1 MMP) expression also

decreased the invasive potential of prostate carwletines DU-145, PC-3N and PPC

(Udayakumar 2003). MMP-9 and 2 are found to loealis the leading edge of tumour
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tissue (Hamacher 2004). This suggests an actieeatahe tumour edge. Another study
showed that there was increased synthesis of ewsllag surrounding benign tissue in
prostate cancer specimens but decreased collagaentowithin the cancer focus
(Burns-Cox 2001). Increasing collagen producticeyrbe a host response to counter
the proteolytic activity of the advancing tumoulise

A Disintegrin and Metalloproteinase (ADAM) and Adintegrin and Metalloproteinase
with Thrombospondin motifs (ADAMTS) are a relatiyehewly discovered group of
metalloproteinases. ADAMs act predominantly as nramé-bound sheddases while
some ADAMTSs are proteoglycanases. Expression cAME, -10, -11, -15 and -17
was detected in prostate cancer lines LNCaP, ALMABIU-145 and PC-3 (McCulloch
2000). ADAM-15 over-expression has been associaidd aggressive prostate cancer
(Kuefer 2006). ADAMTS expression has also been ymea in prostate cancer cell
lines. ADAMTS-1 was expressed in PC-3 and LNCaP AMIS-9 was expressed in
DU-145, and ADAMTS-15 was expressed in all threk lages (Cross 2005). Unlike
the more aggressive PC3 and DU145 cell lines, LNCaR expressed TIMP-3, the
main tissue inhibitor of ADAMTSs, which also inhi®iADAM and MMP activity.
Genome-wide cDNA micro-array analysis of prostatnoer tumours identified
ADAMTS-1 as one of the genes that are over-exptedseHRPC specimens when
compared with hormone-sensitive specimens (Tam@@7)2 A sub-group of the
ADAMTSs degrade structural components of the ECbhé€3 2005), which suggests
that prostate cancer cells expressing these pestesncould be using them to degrade
ECM in the TME. Studies into the functional roletbé ADAMTS proteinases and their
major tissue inhibitor, TIMP-3, in the prostate Ivghed light on their role in prostate

cancer.
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The serine proteinase UPA has been implicated enirthhasive potential of prostate
cancer cells. PC3 cells were compared with PC3CA&NmMore aggressiva vivo
derivative of PC3 cells. PC3CALN cells expressésitBnes more uPA than PC3 cells
and displayed greater invasive potential, and imwhistochemistry of tumour
xenografts demonstrated localisation of uPA to smwaa fronts (Gaylis 1989).
Supporting these findings, down-regulation of uPAdauPA receptor (UPAR)
expression decreased the invasive potential of €18 in a Matrigel invasion assay
(Pulukuri 2005). This probably reflects its rolethe activation of plasmin, which can
then activate MMPs (Figure 1.10), or uPA could bredally acting to facilitate prostate
cancer cell invasion.

Prostasin is a serine proteinase that is expresssamal prostate epithelium as well as
in the non-invasive LNCaP prostate cancer cell (@aen 2001). The more invasive
PC3 and DU145 prostate cancer cell lines do notessgprostasin, and over-expression
of prostasin in PC3 and DU145 cell lines by traasés of prostasin cDNA diminished
the invasive potential of these cell lines (Che®20 This infers that prostasin has a
negative effect on prostate cancer invasion. Thehan@sm of this action is not yet
known.

PSMA, also known as glutamate carboxypeptidase-2foteite hydrolase, is a
transmembrane metallopeptidase. It has been igghtds a tumour suppressor in
prostate cancer. LNCaP, MDA PCa2b and CWR22RV ltar@sancer cell lines which
express PSMA were less invasive than PC3 and Ddé&l%ines which did not express
PSMA (Ghosh 2005). Knock-down of PSMA expressiobNCaP cells increased their
invasive potential, while over-expression of PSMA PC3 cells decreased their
invasive potential. This suggests that loss of PS@4@ression could be an important

step in prostate cancer progression, but the meéahaemains unknown.
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1.6.4 Angiogenesis

As tumours grow in size, their metabolic demandseaase. Blood vessels carry the
metabolic substrates necessary for tumour growth r@move toxic metabolic end
products. Theoretically, any factors favouring th@wth and proliferation of new
vessels would favour tumour growth. Studies havdiocated some proteinases in either
stimulating or inhibiting angiogenesis.

The thrombin receptor, PAR-1, as previously mergwis over-expressed in advanced
prostate cancer specimens compared with specimgindoealised disease (Kaushal et
al. 2006). Immunohistochemical staining localiskd PAR-1 receptors to endothelial
cells in vascular networks surrounding prostatecearmells. Thrombin also increases
vascular endothelial growth factor (VEGF) secretipotentiates the action of VEGF in
inducing endothelial cell proliferation, up reg@atexpression of VEGF receptors and
enhances the production of MMP-9 in PC-3 cells pBsmglou 2004). This implies that
thrombin regulates both ECM breakdown and angiogjsn@& combination of these two
actions will enhance local tumour growth and suadliv

ADAM-17 has been identified as the main TNF conwgrtenzyme (TACE), which
sheds membrane-bound TNF into its soluble form qBId997). TNF has been
associated with increased angiogenesis (Fajard@)1&%d so it is possible that TNF
produced by tumour associated macrophages (TAMs)dcaat a certain critical
concentration, be driving angiogenesis in prodiat@ours. ADAMTS-1 (METH-1) and
ADAMTS-8 (METH-2) inhibit endothelial cell prolifation and VEGF induced
angiogenesis (Vazquez 1999). The inhibitory effextdue to the binding and
sequestration of VEGF (Luque 2003). The carboxyhteal region of ADAMTS-1
which consists of thrombospondin-spacer-thrombogporiT-S-T) repeats has been

found to be responsible for its antiangiogenic\atgti(Kuno 2004). ADAMTS-1 also
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cleaves thrombospondin-1, releasing anti-angioggméptides (Lee 2006). Thus
angiogenesis can be regulated by the activity edétproteinases which are known to be
expressed in prostate cancer (McCulloch 2000; C2065).

Some of the actions of the MMPs lead to a stimoiaibf angiogenesis, yet others
inhibit it. For example, breakdown of the ECM reades ECM-bound growth factors that
stimulate angiogenesis (Lee, M. 2004). However Kateawn of collagen-18 releases
endostatin, which is angio-inhibitory. Thus a bakans maintained between these
events, which at different times favours angiogenessinhibits it.

In addition to its growth inhibitory action, nepsin inhibits angiogenesis by reducing
the availability of FGF-2 (Horiguchi 2008). Condiied medium from DU145 cells that
were made to over-express neprilysin had decreasedentrations of FGF-2 and
stimulated less tubule formation by endotheliallscelompared to controls. Tumour
xenografts grownn vivo from neprilysin over-expressing cells were smadlad less
vascular than controls. This evidence points tcaati-tumour role for neprilysin in
prostate cancer.

1.6.5 Establishment of Metastasis

Relative to other aspects of tumour progressiomy &udies have been done to
investigate the action of proteinases in metasfatastate tumours. Prostate cancer
metastasises primarily to bone, and bone metastases significant cause of mortality
in patients with prostate cancer. Because cliniodications for obtaining tissue
samples from bone metastases in prostate candgenfgaare rare, there is a paucity of
metastatic specimens available for study. Howes@me proteinases have been shown
to play a role in metastatic sites.

As well as facilitating tumour cell invasivenesgnme MMPs play a role in bone

metastases in prostate cancer. Inrmawivo experiment carried out on nude mice, bone
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impregnated with PC-3 cells was subcutaneouslyantpd. MMP inhibition with the
broad-spectrum MMP inhibitor batimastat adminisdermtraperitoneally reduced
proliferation of tumour cells, reduced the numbdr asteoclasts and prevented
degradation of marrow trabeculae, but had no eftectangiogenesis or apoptosis
(Nemeth 2002). In then vitro arm of the study, MMP inhibition with batimastat
prevented Cd release from bone fragments co-cultured with PG®s.c The
concentrations of batimastat used had no toxictsfen the cells. Over-expression of
the metalloproteinase inhibitors TIMP-1 and TIMRA2bone implants led to reduced
PC3-induced osteoclast recruitment, osteolysis bhode turnover, suggesting that
metalloproteinase activity is involved in one ECMnover at sites of bone metastasis
(Deng 2008).

ADAMTS-1 C-terminal fragments inhibit metastatictpitial when over-expressed in
Chinese Hamster Ovary (CHO) tumour cells, TA3 mamyncarcinoma cells and Lewis
lung carcinoma cells (Kuno 2004; Liu 2006). Ovep®ssion of full length ADAMTS-

1 inhibited metastases in CHO cells (Kuno 2004}, ibareased metastases formation
by TA3 mammary carcinoma and Lewis lung carcinongdlsc(Liu 2006). The
ADAMTS-1 gene was one of the genes up-regulateal genome-wide profiling of 25
CRPC specimens, 12 of which were from metastatposies (8 bone, 3 lymph node
and 1 liver) (Tamura 2007). It is not known whetA®&AMTS-1 up-regulation favours
metastasis, or is a host response in an attenphitat the metastatic process.

PSA has been shown to cause preferential adhes$ipnostate cancer cells to bone
marrow endothelium. Down-regulation of PSA expi@ssn prostate cancer cells by
SsiRNA knock-down led to diminished adhesion of fhvestate cancer cells to bone

marrow endothelial cells when co-cultured (Romar2®04). This may explain the
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affinity of prostate cancer cells to metastasisddae, but the mechanism is still not
fully understood.

Selective peptide inhibitors of uPA have been regabto inhibit tumour growth and
metastasis (Lee, M. 2004). Over-expression of pilasgen activator inhibitor-1 (PAI-
1), a natural inhibitor of uPA, caused decreaseavtir and metastasis of PC3 tumours
implanted subcutaneously in athymic mice (Soff )98xpression of uUPA in metastatic
prostate tumours is reported to be 1.5 times grealative to prostate primary tumours
(Kirchheimer 1985), and patients with metastatiospate cancer have elevated serum
uPA levels compared with patients with local digeasid healthy controls (Hienert
1988). These studies implicate uPA in the procépsastate cancer metastasis.

1.6.6 Clinical Management

1.6.6.1 Diagnosis and Prognosis

Serum PSA measurement is already established asfal tiest to help in diagnosing
prostate cancer and monitor disease progressiomaubecit is produced almost
exclusively by prostate epithelial cells. PSA leveln be elevated in other prostatic
conditions and this has led to the search for aenspecific biomarker for prostate
cancer. Other modalities for diagnostic and progjoases of proteinases in cancer are
being investigated, such as measuring serum le¥elBA and MMPs either alone or in
conjunction with PSA (Matrisian 2003). Proteinasssitive magnetic resonance
imaging (MRI) contrast agents have been used iremxgental settings to detect
proteinase expression and activiltyvivo (Louie 2006). The para-magnetic ion in the
contrast agent molecules are bound to and blockedddubstrate that requires cleavage
by a specific proteinase in order for the contegtnt to become active. This allows

imaging enhancement of sites where the proteinbisgenest is active.
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1.6.6.2 Prevention and Therapy

Several preventive and therapeutic modalities hia@en applied in an attempt to
modulate the activity of proteinases. Selenium ocoumgls are taken as dietary
supplements because of their role in activatingpases-induced apoptosis (Jiang 2001).
A meta-analysis of studies on the relationship ketwselenium intake and prostate
cancer concluded that selenium had a protectiveefEtminan 2005). However, more
recent evidence from the SELECT trial, a randombecble-blind trial of the effect of
selenium and vitamin E supplementation on prostateg and colorectal cancer
prevention and involving 35,533 men, showed no qutbte effect with dietary
selenium supplementation (Lippman 2009). It isyedtclear why the biological activity
of selenium as a caspace activator did not lead tkecreased incidence of prostate
cancer.

Cyclooxygenase-2 (COX-2) is over-expressed in ptestancer (Madaan 2000). COX
inhibitors have been shown to reduce MMP producéiod cell invasiveness in prostate
cancer cellsn vitro (Attiga 2000), and several population-based stibave shown an
inverse association of non-steroidal anti-inflamomat drug (NSAID) usage with
prostate cancer (Nelson 2000; Leitzmann 2002; Rel#802; Garcia Rodriguez 2004,
Jacobs 2005; Platz 2005). This suggests that lemg-tuse of NSAIDs may be
preventing growth and progression of prostate canmessibly by the reduction of
MMP production.

Epigallocatechin-3-gallate (EGCG), the major polgpblic constituent of green tea, has
been shown to inhibit MMP-2 and -9 (Adhami 2003)d &ADAMTS-1, -4, and -5
(Vankemmelbeke 2003). Green tea is reported to havmhibitory effect on prostate

cancer growthn vitro andin vivo (Gupta 2001; Adhami 2003). It is not clear whether
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the inhibitory effect of green tea on prostate esrgrowth and progression is a direct
result of inhibition of these proteinases.

Inhibitors of MMPs such as batimastat and marintdsise been used in clinical trials
but were shown to produce un acceptable side sffaath as joint and muscle pain
(Matrisian 2003). Also, results of Phase Il clalictrials using marimastat and
prinomastat in patients with advanced cancers dstraied no clinical efficacy (Zucker
2000; Sparano 2004). In another study, batimastaéased metastasis of breast cancer
cells to the liver in mice (Kruger 2001). A comitioa of these findings led to the
discontinuation of clinical trials of these MMP ibhors.

Another aspect of therapy under investigation ésitbe of viral vectors for gene therapy
in prostate cancer. Theoretical models have besarided and trials are underway to
find the most efficient and safe gene delivery etys{Foley 2004). Genes for specific
proteinases or their inhibitors could possibly Begéted to up or down-regulate their
expression either locally in the prostate, or systally in cases of widespread
metastases. Vectors are being designed that hacfispaffinity for prostate cells,
hence minimising side-effects (Mabjeesh 2002; S20Q8).

1.6.7 Summary of Proteinase Activity in Prostate¢éa

Proteinases play diverse physiological and pathcdbgoles and there is a complex
array of enzymatic processes and cascades thdateghe activity of the proteinases,
with some proteinases playing dual or auto-regwyatmles depending on the
circumstance. Figure 1.11 shows the prostate ame lemvironment and biological
activities regulated by proteinases and inhibitditse understanding of the function of
each of the proteinases and how they interact we#ich other and with other

components of the cellular environment is essemtiatietermining how they can be
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exploited as diagnostic, prognostic or therapetatats in the management of patients

with prostate cancer.
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Figure 1.11: Schematic diagram of the prostate Ande micro-environment, showing

the proteinases that are playing a role at theedléht sites.

1.7 The ADAMTS Proteinases

1.7.1 Introduction to the ADAMTS Proteinases

The ADAMTS (A Disintegrin And Metalloproteinase WwitThromboSpondin motifs)
proteolytic enzymes are a group of metalloprotesalselonging to Family M12 in
proteinase Clan MA on the MEROPS database (www.psesanger.ac.uk) (Rawlings
2008) and are phylogenetically and structurallyated to the MMPs and ADAMs

(Huxley-Jones 2007) (Figure 1.12).
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Figurel.12: Generic domain structure of MMPs, ADAMISd ADAMTSs showing

similarities between the groups.

There are 19 ADAMTS proteins coded in the humanogen and they play diverse
roles in the tissues in which they are expressexded 2005; Porter 2005). ADAMTS-1
was the first to be isolated. In 1997, Kuno et aparted the isolation of a
metalloproteinase with thrombospondin  motifs from eachexia inducing
adenocarcinoma in mice (Kuno 1997). ADAMTS-1 iseesil for normal development
of the urogenital tract in mice (Shindo 2000) ard bvulation (Russell 2003).
ADAMTS-1 and -8 have anti-angiogenic properties §fi@aez 1999). Anti-angiogenic
properties have also recently been described foAMIDS-2 (Dubail 2010). ADAMTS-

1, -4, -5 and -9 have been shown to cleave aggrecah versican, structural
components of the ECM (Kuno 2000; Sandy 2001; Ru893; Vankemmelbeke
2003). ADAMTS-5 has been implicated in cartilagedkdown in arthritis (Glasson

2005; Stanton 2005). ADAMTS-2, -3 and -14 are polagen N-peptidases, processing
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pro-collagen into the mature form (Colige 2002). tsions in theADAMTS2gene
leads to development of Ehlers-Danlos syndrome typjeC (Colige 1999; Colige
2004). ADAMTS-13 has been identified as the von l§Biland factor cleaving
proteinase, processing the von Willebrand fact@cprsor into the active form for
participation in the blood coagulation cascade ikawa 2001; Soejima 2001; Zheng
2001). Functions and substrates have not yet bessgreed to ADAMTS-6, -7, -10, -12,
-16, -17, -18 and -19. For this reason, these ADAMIRre sometimes referred to as
orphan ADAMTSs. However, ADAMTS-12 has been showen hiave proteolytic
activity (Cal 2001), and ADAMTS-16 mRNA expressiols up-regulated in
osteoarthritic cartilage compared to normal cagél@evorkian 2004).

ADAMTS proteins can be divided into sub-groups lbase evolutionary relationships
(Nicholson 2005) (Figure 1.13). An important featdo note is that the evolutionary
sub-grouping closely matches the biological fundiof the ADAMTSs. ADAMTS-1,
-4, -5, -8 and -15 evolved from a common ancegtraiein in invertebrates. ThHéiona
intestinalisADAMTSTf gene has been shown to be orthologous Witk sub-group of
ADAMTSs (Huxley-Jones 2007). It appears that thenbn ADAMTS orthologues
evolved through a series of gene duplication eveatsl the differences in protein
domain structure are likely to be as a result ohgy@nd losses of introns (Nicholson
2005). The similarity in structure of the ADAMTS mbers in each sub-group raises
the possibility of functional redundancy. Howevéist has not been demonstrated
experimentally. ADAMTS-4 and -5 have been demonstido be aggrecanases and
implicated in cartilage degradation in arthritis liue relative roles of the two enzymes
in arthritis have not been resolved completely (Wer2011). Adamts5 but not
ADAMTS4or ADAMTS1knock-out mice were protected from arthritis (Glas 2004,

Glasson 2005; Little 2005; Stanton 2005), indigatimat ADAMTS-4 and ADAMTS-1
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do not play redundant roles with ADAMTS-5 in thahgagenesis of arthritis. Temporo-
spatial differences in expression of ADAMTSs (C@D2) also makes it unlikely that
they play redundant roles in humans, as they dferentially expressed in tissues

during the process of human growth and development.
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Figure 1.13: Phylogenetic tree of the ADAMTS prugei

1.7.2 ADAMTSs in Cancer

ADAMTSs have been implicated in malignant processeseveral organs. Because of
their multi-domain structure and the potential poo or anti-tumour activity, the role of

ADAMTSs in human cancer has attracted interest.

1.7.2.1 Prostate Cancer

ADAMTS-1, -9 and -15 mRNA expression has been dete prostate cancer cells
(Cross 2005). In addition to ADAMTS-1, -9 and -18DAMTS-4 and -5 mRNA

expression was detected in prostate stromal BDAMTS-1 and -15 were the most
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abundantly expressed in the prostate cancer éalfsession of the ADAMTS inhibitor
TIMP-3 was comparatively low in the cells with giea metastatic potential.
ADAMTS-15 was the only one of the ADAMTSs that wagressed in all the prostate
cancer and stromal cells investigated. Over-expessf ADAMTS-1 has been
identified in CRPC tissue (Tamura 2007), suggestingle for ADAMTS-1 progression

of prostate cancer.

1.7.2.2 Breast Cancer

Expression of ADAMTSs has been analysed in breaster tissue. Comparing mRNA
expression of ADAMTSs in malignant tissue, adjaceortmal tissue and cell lines by
real-time RT-PCR, ADAMTS-1, -3, -5, -8, -9, -10,caAl8 were consistently down-
regulated, while ADAMTS-4, -6, -14, and -20 were-negulated (Porter 2004). High
ADAMTS-8 and low ADAMTS-15 expression in malignamteast tumours correlated
with worse patient prognosis (Porter 2006), sugggsthat ADAMTS-15 may be

playing a protective role in breast cancer patients

1.7.2.3 Glioblastoma

Glioblastoma is a highly invasive form of brain can Comparing expression of
ADAMTSs in malignant and adjacent benign tissuengsrealtime RT-PCR and
immunohistochemistry showed that ADAMTS-4 and -Fevever-expressed in tumours
and ADAMTS-8 was down-regulated (Nakada 2005; D@606; Held-Feindt 2006).
Over-expression of ADAMTS-5 in a glioblastoma dile increased invasive potential.
The increased invasiveness is thought to be atrefinicreased cleavage of brevican, a

major proteoglycan in brain ECM.
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1.7.2.4 Head and Neck Cancer

Head and neck squamous cell cancers (HNSCC) affextoral and pharyngeal
membranes. Expression profiles of ADAMTS mRNA incdbsed and metastatic
HNSCC compared with normal pharyngeal mucosa haesaled dysregulation of
ADAMTSs (Demircan 2009). ADAMTS-1, -4, -5, -8, -@1é -15 were down-regulated
in approximately 50% of primary tumours comparednmrmal tissue. Comparing
primary tumours with their corresponding metastatimours, ADAMTS-1, -4, -5 and -
15 were up-regulated, ADAMTS-9 was down-regulateliDAMTS-8 mMRNA
expression was similar between metastatic tumonds their parent tumours. These
findings suggest that a sub-population of cancdls agith the optimal expression
profile are able to metastasize, resulting in défees in ADAMTS expression between
parent and metastatic tumours. An alternative egtian is that the cancer cells are
able to alter expression profiles of pro and argtatastatic proteins at each stage of

tumour progression.

1.7.2.5 Non-Small Cell Lung Carcinoma

Non-small cell lung carcinoma (NSCLC) is a variaftlung cancer. Using real-time
RT-PCR and inmmunohistochemistry, lower expres©brADAMTS-1 and -8 was
found in NSCLC tissue compared with adjacent nortiedue (Dunn 2004; Rocks
2006). Abnormal hypermethylation of tAdAMTS8gene was found in the majority of
the tumours suggesting epigenetic silencingDAMTS8in NSCLC cells.

1.7.2.6 Adenocarcinoma of the Colon

ADAMTS-1 has been detected in cachexia inducingreattal cancer cells (Kuno
1997). Subsequent studies have shown thaA®MTS1gene is hypermethylated in

colon cancer cells (Lind, G.E. 2006), and tARIAMTS1methylation status could be
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used to differentiate normal colorectal mucosajdretumours and malignant tumours
(Ahlquist 2008). Mutations and epigenetic sileigcot theADAMTS15gene have been
identified in colorectal cancer (Sjoblom 2006; Vi 2009). Over-expression of
ADAMTS-15 in colorectal cancer cells reduces invaspotential (Viloria 2009),

suggesting an anti-tumour role for ADAMTS-15.

1.7.2.7 Pancreatic Carcinoma

Pancreatic carcinoma is a tumour with a very paagposis. ADAMTS-1 mRNA
expression profiles in malignant pancreatic tisss@pared with adjacent normal tissue
showed that ADAMTS-1 was down-regulated in maligndasue samples (Masui
2001). The malignant tumours that had higher exywasof ADAMTS-1 also had an
increased incidence of lymph node metastasis atrdpegitoneal invasion. CD34
staining of the tissue samples did not show anyetaiton between ADAMTS-1

expression and microvascular density.

1.7.2.8 Hepatocellolar Carcinoma

Hepatocellular carcinoma (HCC) is the most commamcer in the developing world,
and is associated with Hep-B infection (Michiels#05). Expression of ADAMTS-1
MRNA was compared between malignant and adjaceritotic liver tissue (Masui
2001). Expression was lower in the malignant tissaraples. Staining for CD34 did not

show any correlation between ADAMTS-1 expressioth microvascular density.

1.7.2.9 Chondrosarcoma

Chondrosarcoma is a common malignant primary eageiltumour. Expression of

ADAMTS-4 and -5 were analysed by immunohistochemisind staining scores
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correlated with histological grade (Sugita 200Expression of both ADAMTS-4 and -
5 correlated with histological grade of osteosarasmwith higher expression levels
found in grade 2 and 3 tumours compared with grddeExpression of the
metalloproteinase inhibitors TIMP-1, -2 and -3 weaso found to correlate with
histological grades. Put together, this suggeststtirere is a high rate of ECM turnover
in the more aggressive tumours. Expression of ADAWIIhas also been detected in
chondrosarcoma cells (Demircan 2005), where eximressas up-regulated by TNF

and IL-1B.

1.7.2.10 Summary of ADAMTS Roles in Cancer

The expression profiles of ADAMTS proteinases imsi various human tumours
suggests that they may be playing a role in th@gmitysiology of these tumours. It
appears that the expression and role played byithdil ADAMTSs varies in different
tumour sites, as summarised in Table 1.6. Theiacttd ADAMTSs may be attributed
to their multi-domain structure and the degreerotpssing, and the relative abundance
of the resulting fragments at the tumour sites.cBipally in prostate cancer cells, the
expression profile of ADAMTS-1 and -15 suggest thety may be the most important
members of this group in prostate cancer biologyg amy be playing a role in

progression of prostate cancer.
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Organ Up-Regulated | Down-Regulated
Brain -4, -5 8
Lung - 1,8
Breast -4, -6, -14, -20 -1, -?1’(5,511-2’ -9,
Pancreas - 1
Liver - 1
Bone -4, -5
Prostate ?-1,-15

Table 1.6: Table summarising the expression of ADSMbroteins in human cancer

tissue and cells compared with non-malignant tissue

1.7.3 Structure of ADAMTS-1 & -15

The ADAMTS1gene codes for a 967 aa protein with a relativéeoutar mass of
105kDa. TheADAMTS15gene codes for a similarly sized 950 aa proteth wirelative
molecular mass of 103kDa. ADAMTS-1 and -15 shasin@lar generic structure with
other ADAMTS proteins and both belong to the sutmgrcomprising ADAMTS-1, -4,
-5, -8 and -15. The ADAMTSs possess a muti-domé#inctire, with each domain
potentially conferring different properties to tiheolecule. Each ADAMTS protein
consists of a signal peptide and a propeptide daon@acatalytic domain containing a
zinc-binding motif, a disintegrin-like domain, attttombospondin motifs separated by
a cysteine-rich spacer region (Vankemmelbeke MNL206nes 2005; Porter 2005).
ADAMTS-1 and -15 share similar structure and segaemomology (Cal 2002), with

the same number and configuration of the thrombodipomotifs (Figure 1.14).

69



N-Terminus C-Terminus

1-Signal peptide, 2-Propeptide domain, 3-Proteolytic domain, 4-Disintegrin-like

domain, 5-Thrombospondin domain, 6-Cysteine-rich domain, 7-Spacer region
Figure 1.14: Generic structure of ADAMTS-1 and -15ach ADAMTS protein has a
central thrombospondin-like domain. The configwatiof the rest of the C-terminal
thrombospondin-like domains differs between the Imeesnof the group, but is identical
for ADAMTS-1 and -15.
Comparison of the domains of ADAMTS-1 and -15 (Eakl7) shows the similarity
between the structure of the two proteins, witreptl implications of similar roles for

the two proteins.

Domain Domain Position (Amino Acid Length)

ADAMTS-1 (967)

ADAMTS-15 (950)

Signal Peptide

1-49 (49)

1-17(17)

Propeptide

50-252 (203)

18-212 (195)

Catalytic

253-467 (215)

213-427 (215)

Disintegrin-like

468-559 (92)

428-515 (88)

Thrombospondin 1

560-614 (55)

516-571 (56)

Cysteine-rich

615-724 (110)

572-700 (129)

Spacer

725-849 (125)

701-838 (138)

Thrombospondin 2

850-905 (56)

839-895 (57)

Thrombospondin 3

906-967 (62)

896-950 (55)

Table 1.7: Similarities between the ADAMTS-1 and -domain

length and

Database

configuration. Protein sequence data obtained frofime Uniprot

(http://www.expasy.org/uniprot/).
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A recent study reported for the first time the taystructure of ADAMTS-1 (Gerhardt
2007). This has further clarified the domain stooetof the ADAMTSs. From the N-
terminal end, the signal peptide consists of aabdei length aa sequence which is
cleaved soon after translation in the endoplasneiculum (Porter 2005). The
propeptide domain may be important for correct girofolding (Cao 2000). Cleavage
of the propeptide by proprotein convertases likinfin the golgi apparatus is believed
to be essential for activation of the proteolytmdhin (Bergeron 2000; Wang 2004).
Some recent reports have indicated that the prageptomain may be retained and
cleaved extracellularly after secretion (Longpr®20 Extracellular activation has not
been reported for ADAMTS-1 or -15. The proteolydmmain contains the catalytic zinc
pocket which is responsible for the proteolytic pedies of the ADAMTSs. MMPs
have a cysteine residue within the PRCGVPD motiftie propeptide domain
interacting with the zinc pocket of the proteolytiomain, preventing proteolysis (Van
Wart 1990). Thus cleavage of the propeptide dorfraies the zinc ion to initiate the
hydrolytic reaction characteristic of metallopro&ses (the cysteine switch).
ADAMTS-1, and -15 have a similar cysteine-contagnmotif in the prodomain (Cal
2002). On the C-terminal end of the proteolytic @mis a disintegrin-like domain.

The structure of the disintegrin domain of ADAMTSwAs analysed by Gerhadt et al,
who concluded that based on the protein fold, tlsntgrin domain is actually a
cysteine-rich domain, which fails to superimpose the crystal structures of the
disintegrin domains of ADAM-10, VAP-1 or trimestatand (Gerhardt 2007), which are
well characterised disintegrins. It is not yet kmowf this holds true for the other
ADAMTSs. The rest of the C-terminal end of ADAMTSahd -15 consists of a central

thrombospondin type-1 motif, a cysteine-rich spacegion and two additional
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thrombospondin motifs. The number and configurawbrihe thrombospondin maotifs
and spacer regions are different in other membietiseogroup. ADAMTS-1 and -15 do
not posses PLAC (Protease and Lacunin), CUB (Camgte-Uegf-BMP-1) and mucin
domains found in some other ADAMTS proteins.

Unlike the ADAMS, the ADAMTSSs do not possess a sramembrane domain. They are
therefore secreted from the cell into the ECM wihtbey are sequestered by heparan

sulphate proteoglygans (Kuno 1998; Gao 2004).

1.7.4 Functions of ADAMTS-1 & -15

ADAMTS-1 has been extensively studied, and itsdgalal functions are better
understood than ADAMTS-15. Following its discovas/an inflammation-associated
protein (Kuno 1997), ADAMTS-1 has been shown tacatlytically active and capable
of cleaving several ECM components (Kuno 1999).

The mouséddamtslgene promoter has been reported to have transchptding sites
for nuclear factor-1-like factor (NF1-like factogpecificity protein-1/specificity
protein-3 (Sp-1/Sp-3), CCAAT enhancer binding piroteeta (C/EBB), and GA

binding protein (GABP) but no androgen or progesterresponse elements (Doyle
2004). These transcription factor binding sitesexfeund to be highly conserved
between the mouse, rat and human orthologues &KBAMTS1gene. Selective
deletion of each of these binding sites reduced MJ&-1 transcription, indicating that
basal transcription of ADAMTS-1 was maintained bgoabination of activity from
each of these binding sites (Doyle 2004). Bindimgsshave also been reported for
hypoxia-inducible factor-1 (HIF-1) (Hatipoglu 2008)DAMTS1gene transcription is
up-regulated by progesterone in ovarian granulefia gia interaction of ligand-

activated progesterone receptor (PR) with Sp1/$p3ending of the PR-Sp1/Sp3
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complex with the Sp1/Sp3 transcription factor bingdsites (Doyle 2004), and by
hypoxia in endothelial cells via binding of HIF-d tresponse elements in the promoter
by a phosphatidylinositol 3-kinase dependent pm¢datipoglu 2009). IL-f and TNF
have also been reported to inddd@AMTS1transcription by mechanisms that are yet
to be elucidated (Bevitt 2003; Cross 2006; Ng 2006)

After co-translational cleavage of the signal pagptithe mature ADAMTS-1 protein is
sequentially cleaved into two active forms (RodegiManzaneque 2000). The first
cleavage is mediated by furin and removes the ptape (Longpre 2004), leaving an
87kDa form with an activated catalytic site. ThigkBa form is secreted from the cell
and sequestered in the ECM by binding to heparkohate proteoglycans (Kuno 1998).
The 87kDa form is further processed by autolyteagbhge or by MMP-2, -8, and -15 at
the spacer region to yield a 65kDa catalytic fraghand a 22kDa C-terminal fragment
containing the two C-terminal thrombospondin (T3m)tifs (Rodriguez-Manzaneque
2000).

The catalytic activity of ADAMTS-1 is evident bygmumber of substrates that have
been identified. These include the proteoglycangreazan (Kuno 2000; Rodriguez-
Manzaneque 2002; Vankemmelbeke 2003), versicand{&aa01; Russell 2003) and
syndecan (Rodriguez-Manzaneque 2009). ADAMTS-1diss been shown to cleave
thrombospondin-1 and -2 (Lee 2006), tissue facathyway inhibitor-2 (Torres-Collado
2006) and gelatin (Lind, T. 2006). Type | collagdegradation is enhanced by
ADAMTS-1 expression (Rehn 2007), but it is not cledether ADAMTS-1 cleaves
type-I collagen directly.

Studies of ADAMTS-1 knock-out mice showed a numlodr defects including
malformations of the kidneys, adrenal glands, @weamd ovaries with impaired

ovulation in females (Shindo 2000; Mittaz 2004) e$é@ findings suggest altered ECM
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turnover. However ADAMTS-1 knock-out mice do nohéit any changes in cartilage
turnover, possibly because ADAMTS-1 does not plagyagor role in the pathogenesis
of arthritis or due to redundancy of function betwdhe ADAMTS proteoglycanases
(Little 2005).

ADAMTS-1 has multiple functions as a result ofntsilti-domain structure.

In addition to its proteolytic activity which is m&ted by the catalytic domain, the C-
terminal TSP motifs are responsible for anti-angiog properties (Iruela-Arispe 2003).
ADAMTS-1 inhibits bFGF and VEGF induced angiogesdMazquez 1999). VEGF is
sequestered by binding to the TSP domains of ADAMT&hd is thus prevented from
activating VEGFR2 on endothelial cells (Luqgue 2008)addition, cleavage of TSP-1
by ADAMTS-1 releases anti-angiogenic fragments (P686). ADAMTS-1 is down-
regulated in proliferating endothelial cells comgzhito tubular cells (Glienke 2000).
Two separate studies (Kuno 2004; Liu 2006) have ahestnated that while the full-
length ADAMTS-1 had pro-metastatic activity, thePFSpacer-TSP segment of the C-
terminal region inhibited angiogenesis and theldistament of metastases. This shows
that the degree of processing of ADAMTS-1 determitize predominant effect of
ADAMTS-1 in the tumour micro-environment (TME). Rdoxically ADAMTS-1 has
also been shown have pro-angiogenic effects. ADAMT®as up-regulated in
endothelial cells during angiogenesis and ADAMTSkhock-down decreased
endothelial cell invasion (Su 2008). The up-regalabf ADAMTS-1 was temporal and
peaked at 4-10 hrs after seeding on a 3D matriis pbssibly indicates that ADAMTS-
1 is required for ECM degradation in the early stagf capillary sprouting.

The biological functions of ADAMTS-15 have not beeeported. By sequence
homology, ADAMTS-15 is expected to have similanatt to ADAMTS-1 (Cal 2002).

Low tumour expression is associated with poor posghin breast cancer patients
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(Porter 2006). ADAMTS-15 expression is also repbtie have anti-tumour effects in
colorectal cancer (Viloria 2009). The actual rofeAAMTS-15 is not clear, but the
multiple domains could be playing different roles, is the case with ADAMTS-1, in
which the proteolytic domain is responsible for E@®grading activity, while the C-
terminal domains are responsible for anti-angiogewtivity. The roles played by these
proteinases in prostate cancer development anagqssign are yet to be identified.
Catalytic activity of ADAMTS-1 is inhibited by tis® inhibitor of metalloproteinases
(Rodriguez-Manzaneque 2002). Tissue inhibitor otat@proteinases-3 (TIMP-3) is
the most important tissue inhibitor of the ADAMTBstissues, although TIMP-2 has
less potent inhibitory activity (Hashimoto 2001;dRiguez-Manzaneque 2002). TIMPs
are 25-31kDa proteins with a wedge-shaped crysiattsire (Fernandez-Catalan 1998).
They possess an approximately 125a.a. N-terminalatto and a smaller 65 a.a. C-
terminal domain (Williamson 1990). TIMPs inhibitetalloproteinases by tight binding
to the catalytic pocket, preventing binding of theostrate to the catalytic site (Brew
2000). TIMP-3, like ADAMTS-1 is secreted into th€M where it is sequestered by
heparan sulphate proteoglycans (Yu 2000). MutationsSTIMP3 gene lead to a
condition called Sorsby fundus dystrophy charaséeri by accumulation of ECM
components in the retina (Weber 1994). Aggrecamasgity of ADAMTS-1 is also
inhibited by catechin gallate esters, which are starents of green tea.
Epigallocatechin gallate and epicatachin gallatecsgely inhibit aggrecanase activity
of ADAMTS-1, -4 and -5 (Vankemmelbeke 2003). Onalake of green tea extract
inhibited collagen-induced arthritis in mice (Hagqt®P99). The exact mechanism of

inhibition of ADAMTSSs by catechin gallate estersyet to be elucidated.
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1.8 Inflammation in Prostate Cancer

1.8.1 Immune Cells and Cytokines

Immune cells are present in normal prostate emdthahd stromal tissue (McClinton
1990; Elsasser-Beile 2000; Bostwick 2003). These mostly T-cells, and are more
numerous in the stromal component of the gland. HEpéihelial T-cells are
predominantly CD8+ cytotoxic cells and the stromaells are predominantly CD4+
helper cells (Bostwick 2003). Lymphocytes from pabs cancer tumours have been
shown to express higher levels of IL-10 and H-Mwan circulating lymphocytes of the
same patient (Elsasser-Beile 2000). The pro-inflatony enzyme, cyclooxygenase-2
(COX-2), is over-expressed in prostate cancer éissmd correlates with areas
inflammation and angiogenesis (Wang, W. 2005). tatesancer cells secrete a number
of cytokines into the TME. TNF, IL-1 and IL-6 argecreted in response to
inflammation (Wong 2009). IL-6 promotes cell preli&tion, and is up-regulated by
androgen (Okamoto 1997; Lee, S.O. 2003). Constéugkpression of IL-8 by prostate
cancer cells stimulates cell proliferation (Moo@&99). IL-4 has been shown to activate
the AR in a ligand-independent manner, and potestigne growth stimulatory effect of
DHT (Lee, S.O. 2003; Lee 2008).

Macrophages, lymphocytes and neutrophils infiltr&ienour sites in response to
chemokines and cytokines produced by tumour c€iiaigsens and Werb 2002; Pollard
2004), and the hypoxic environment within the tum@lewis 2006). TAMs release
numerous cytokines into the TME as part of theamiinatory reaction to the presence
of the tumour (Dranoff 2004). TAMs are thought svdur tumour progression as a
result of the release of pro-tumour and angiogegiokines and proteinases including
TNF and MMPs (Lin and Pollard 2004; Pollard 2004linical studies have reported

that patients with advanced prostate cancer hassaid serum levels of TNF, IL-4,
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IL-6 and IL-10 (Twillie 1995; Adler 1999; Drachenige1999; Wise 2000; Michalaki
2004). TNF is also over-expressed in prostatidfiofi prostate cancer patients (Fujita
2008).

TNF is thought to induce cachexia in cancer patidiitacey 1992). Prostate cancer
patients with elevated serum TNF have been showmate lower haemoglobin and
serum albumin levels, poorer performance status @uter prognosis compared to
patients with low or absent serum TNF (Nakashim@3)9The role of TNF in prostate
cancer progression therefore can not be ignored.

1.8.2 TNFE Receptor Signalling

TNF is a multifunctional cytokine that plays a rahesystemic inflammatory response,
apoptosis, angiogenesis, lipid metabolism and insuésistance (Beutler 1986;
Locksley 2001; Balkwill 2006; Bastard 2006). TNFRooduced as a 26kDa membrane-
bound protein and is cleaved into a 17kDa solubkenfby ADAM-17 (TNF-alpha
converting enzyme, TACE) (Black 1997). TNF acts biading toTNF receptor 1
(TNFR1) and TNF receptor 2 (TNFR2). TNFR1 is presancells in most tissue sites,
while TNFR2 is predominantly expressed in leucogyfENF signal transduction is a
complex process involving many proteins (Camus$&ili¥nglaro 1999; Baud 2001;
He 2002; Kawasaki 2002). Activation of TNFR1 by TNe&ads to intracellular
trimerisation of the receptor and association WiNF receptor-associated death domain
(TRADD). TRADD activates the fas-associated deaimain (FADD), RIP-associated
ICH-1/CED-3-homologous protein with a death dom@RAIDD), MAPK-activating
death domain (MADD) and receptor-interacting protéRIP), leading to activation of
caspase-8 and the initiation of the apoptosis cscaActivation of TNFR2 leads to the
association of TNF receptor-associated factor 2AFR with TRADD, which then

forms a complex with MADD and RIP. The TRAF2-MADDHR complex associates
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with NFkB-inducing kinase (NIK) and phosphorylateX] leading to the translocation
of NFkB into the nucleus. The TNFR1-TRADD-TRAF2-MADD-RI€omplex also
activates MAPK which in turn activates AP1. ThedBFand AP1 transcription factors
are responsible for the regulating numerous graamith stress-related genes, including

proteinases involved in ECM turnover.

1.9 ADAMTS Expression in Inflammatory Disease

Some cachexia-inducing tumours are known to exphegis levels of ADAMTS-1
(Kuno 1997). ADAMTS-1 is highly expressed in inflamad tissue (Kuno 1997).
ADAMTS-1 and -4 are up-regulated in inflammed atimatous plaques (Sandy 2001,
Jonsson-Rylander 2005). ADAMTS-5  aggrecanaseripctis essential for disease
progression in murine models of arthritis (Glas2005; Stanton 2005). Regulation of
ADAMTS-1, -4, -5, -6 and -9 expression by pro-imflaatory cytokines has also been
reported (Bevitt 2003; Norata 2004; Demircan 200§;2006). These studies indicate
that ADAMTSs may be playing an active role at saésmflammation. Dysregulation of
proteinases by TNF and other cytokines could dlierhomeostatic balance between

proteinases and their natural inhibitors in the TME

1.10 Aims and Hypotheses

ADAMTS-1, -9 and -15 mRNA expression has been deten prostate cancer cells
(Cross 2005). ADAMTS-1 and -15 were the most abotigaexpressed, and
ADAMTS-15 was the only member of the group that weapressed in all the cancer
and stromal cells analysed. ADAMTS-1 over-exprass$ias been reported in metastatic
CRPC tumours compared with primary tumours (Tan@@7), suggesting a role for

ADAMTS-1 progression of prostate cancer.
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The predominant role of ADAMTS-1 in the literatuisaggests that it plays an active
role in remodelling of the ECM. Degradation of tREM could result in the release of
growth factors sequestered in the ECM, favouringcea cell proliferation. Break-down
of the natural tissue barriers constituted by ti@VEand basement membranes could
also allow local spread and metastasis of candks. c€here is little information in the
literature on the function of ADAMTS-15. High tumoexpression of ADAMTS-15 in
breast cancer patients correlates with better msignwhich suggests that ADAMTS-
15 could have anti-tumour activity. The role of ARgynalling in the development and
progression of prostate cancer has been discuas8&édtion 1.4.1, and the local and

systemic inflammatory response in cancer in Secti8n

1.10.1 Aims

The aims of this study were three-fold. Firstlyd&termine whether prostate cancer and
stromal cells were proteolytically active. Secondly evaluate the effect of two
signalling pathways that affect prostate cancerelbgment and progression, androgen
signalling and inflammation, on the expression @AMTS-1, -15 and TIMP-3 in
prostate cancer cells. Thirdly, to analyse the tional roles of ADAMTS-1 and -15 in

prostate cancer cell proliferation, migration andaision.

1.10.2 Hypotheses

The following hypotheses were tested:
1. Prostate cancer and stromal cells are protealigiactive.
2. The expression of ADAMTS-1, -15 and TIMP-3 iggukated by androgen in

androgen-sensitive LNCaP cells.
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3. The expression of ADAMTS-1, -15 and TIMP-3 igutated by TNF in PC3, LNCaP

and prostatic stromal cells.

4. Knock-down of ADAMTS-1 expression decreases ghaiferation, migration and

invasive potential of PC3 cells.

5. Knock-down of ADAMTS-15 expression increases pineliferation, migration and

invasive potential of PC3 cells.
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CHAPTER 2:

MATERIALS AND METHODS

2.1 Cell Lines and Culture

The PC3 and LNCaP cell lines used in this studyevedrtained from ATCC. PC3 cells
were originally isolated from bone metastases patent with prostate cancer and are
not androgen responsive due to non-expressioneoAR (Kaighn 1979). LNCaP cells
were originally isolated from lymph node metasta$tsroszewicz 1983). LNCaP cells
express the AR and are androgen responsive (Havaszd4983). C4-2b4 and PCAF
(prostate carcinoma associated fibroblasts) cedieva gift from Dr Colby Eaton at the
University of Sheffield. The C4-2b4 cell line isdarivative of LNCaP cells, obtained
by repeated passage in castrated male mice (Thal@®0), and PCAF cells were
isolated from peri-tumoural prostatic stroma (Olub®99). BPH45 cells are prostate
fibroblasts that were generated in our laboratoryDn. Colby Eaton (Klingler 1999).
The breast cancer cell line MDA-GS8, is a derivainfehe MDA MB-436 breast cancer
cell line (Cailleau 1978; Ottewell 2008) and wagifi from Dr. Ingunn Holen. The
U373 astrocytoma cell line (Ponten 1968) was afgiin Prof. Nicola Woodroofe. The
PNT1 and PNT2 non-tumourigenic prostatic epithedil lines (Berthon 1995) were
not used in this study. They were immortalised gighre Simian Virus-40 (SV40) viral
vector which up-regulates ADAMTS-1 expression (Frann 2005). As a result of this,
the PNT1 and PNT2 cell lines were not considerecbe¢otrue ‘normal’ prostatic
epithelial cell lines for the purpose of this studBrostatic stromal cells (BPH45),
prostate carcinoma associated fibroblasts (PCA#§, grostate carcinoma cell lines
(PC3, LNCaP, and C4-2b4), astrocytoma cell lineq®)3and the breast carcinoma cell

line (MDA-G8) were routinely cultured in DMEM (Ggb, Invitrogen) supplemented
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with 10% (v/v) FCS (Invitrogen), 100units/ml pemha (Invitrogen), 100ug/mi
streptomycin (Invitrogen) and 0.25pug/ml amphoteriBi (Invitrogen), unless otherwise
stated. FCS is added to cell culture medium aspalement to serve as a source of
protein, growth factors, hormones, lipids and mage(Freshney 2005). The cells were
grown in a humidified incubator at 37°C in a 5% L£@imosphere unless stated
otherwise. Plated cells were detached when reqbyeskpirating and discarding spent
medium, gently washing twice with PBS and addingttypsin-EDTA solution (0.25%
(w/v) trypsin, 0.1% EDTA, pH 7.2-8.0) (Sigma). Embutrypsin-EDTA was added to
completely cover the cell layer (2ml for a T75 @issculture flask) for 5 minutes at
ambient temperature. After cell detachment, anvedeint amount of complete medium

was added to inactivate the trypsin and the cedfiewsed as required.

2.2 RNA Extraction

For RNA extraction, cells were lysed with Tri Reag€Sigma), based on the method
described by Chomczynski (Chomczynski 1987). THelgsates were stored at -80°C
until ready for RNA extraction. The protocol progdl by Sigma with the Tri Reagent
was used for RNA extraction. Ninety-nine percento@form (Sigma) was added to
the cell lysate at 0.2mls/ml Tri reagent used. ifibgure was agitated in a tube by hand
and then left to stand at ambient temperature fanirites. The tubes were centrifuged
at 12,000 xg for 15 minutes at 4°C. The aqueous phase at thewts carefully
removed with a pipette and placed in a fresh tilneety-nine Isopropanol (Sigma) was
added at a volume of 0.5ml/ml Tri reagent usedhatstart and the tubes were incubated
at ambient temperature for 10 minutes. The tubese wentrifuged at 12,000 for 10
minutes at 4°C. The supernatant was removed wipette, leaving the RNA pellet at

the bottom of the tube. The RNA pellet in the twkes washed by adding 75% (v/v)
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Ethanol (Sigma) at a volume of 1ml/ml of Tri reagesed at the start. The tube was
vortexed and centrifuged at 7,50@>or 5 minutes at 4°C. The ethanol wash solution
was removed with a pipette leaving the RNA peltaha bottom of the tube. The RNA
pellet was air-dried and then re-dissolved in 1Q420f Diethyl pryrocarbonate (DEPC)
(Ambion, Applied Biosystems) treated water. The RB#ution was stored at -80°C
until ready for cDNA synthesis. RNA purity was detined using the Asd/Ago ratio,

with an acceptable ratio being > 1.8 (Glasel 1995).

2.3 cDNA Synthesis

cDNA was synthesised from previously extracted Ri¥g Superscript Il —Reverse
Transcriptase (Invitrogen) according to the supjsligorotocol. Twenty microlitres
reactions were set up in 200l thin-walled PCR suligach reaction tube contained 4pl
of 5x 1* strand buffer (250mM Tris-HCI, 375mM KCI, 15mM MgCpH 8.3), 2ul of
0.1M dithiothreital (DTT) solution, 0.5ul of 10mMedxyribonucleotide triphosphate
(dNTP) (Bioline), 0.5ul of 50uM Random Hexamersv{trogen) and 0.5ul (20 units)
of RNase Inhibitor (Invitrogen), 10.5ul of DEPCdted water, 1ul (200 units) of
reverse transcriptase and 1pl of the RNA extraeigdiive controls contained all the
reaction components except reverse transcriptasactRns were run on a Gene Amp
PCR System 9700 (Applied Biosystems). The thernyalec was set at 25°C for 2
minutes, 42°C for 50 minutes, 70°C for 15 minuted then cooled to 4°C. cDNA was

stored at -20°C until ready for use in real-time-RCR reactions.

2.4 Real-time RT-PCR

Relative quantification of gene expression was ua#ten by realtime RT-PCR

according to the principles and protocol descrilredhe Applied Biosystems User
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Bulletin #2: ABIPrism 770 Sequence Detection Syst2601. Real-time RT-PCR was
run in 10ul reactions in duplicate using 384-wdhltes on the ABI Prism 7900HT
sequence detector using SDS 2.1 software (AppliedyBtems). For reactions using
SYBR-Green, each well contained 5ul of SYBR-Greemster mix (Applied
Biosystems) 1ul each of forward and reverse priniEable 2.1) 1ul of DEPC-treated
water and 2ul of cDNA to be analysed. For reactiosmg Tagman assays, 5ul of
Tagman master mix (Applied Biosystems) 0.5ul of Mag gene expression assay
(Table 2.2), 2.5ul of DEPC-treated water and 2ulcBDNA for analysis. Sequence
detection was either with SYBR-Green or Tagman eriprobes with a FAM reporter
and a non-fluorescent quencher. The thermal cyes 95°C for 5 minutes, then 40
cycles of 95°C for 15s and 60°C for 1 minute. Ghpbdehyde-3-phosphate
dehydrogenase (GAPDH) or RNA polymerase Il (RNARswsed as the endogenous
control to normalise between samples (Janssens;2B@dionic 2004). Relative

expression levels were determined using th&“2 method (Livak 2001), wher&ACr

(CyTarget Gene — fEndogenous Contralleated- (CtTarget Gene —fEndogenous Contr@pntrol

85



Fwd/ | 5 Sequence Product

Gene/ Rev Position size
Accession No
ADAMTS-1/ F 945 GCACTGCAAGGCGTAGGAC

90 b.p.
AF170084 R 1034 AAGCATGGTTTCCACATAGCG
ADAMTS-15/ F 941 TCCTCTTCACCAGGCAGGAC

81 b.p.
AJ315733 R 1021 GGTCACACATGGTACCCACATCA
ADAMTS-20/ F 3458 AGATGGCACAATGGCGACAT

100 b.p.
AF488804 R 3557 CTATCAAGAGCATCACGACAGCTT
TIMP-3/ F 329 TCCGAGAGTCTCTGTGGCCTTA

106 b.p.
X76227 R 424 GCACAGCCCCGTGTACATCT
GAPDH/ F 7 GCTCCTCCTGTTCGACAGTCA

80 b.p.
NM_002046 R 86 AACTTCCCCATGGTGTCTGA

Table 2.1: Gene, primer and amplicon data for pmirpeoducts supplied by Applied

Biosystems which were used in experiments with S¥BBn as the reporter dye.

Acoossion o, ASSID | o 2| Reporter | Quencher | “TIP RN
ﬁ?ﬂg;;g Hs00199608_m1 1151 FAM Non-Fluorescent 68 b.p.
A,\'fm"lgé%’ Hs00373520_m1 1512 FAM Non-Fluorescent 60 b.p.
A,\Ii)@ﬂ'l;gsé(:){ Hs00228033_m1 2712 FAM Non-Fluorescent 107 b.p.

TIMP-3/ Hs00165949_m1 1280 FAM Non-Fluorescent 59 b.p.
NM_000362

NM_(?OS:I.A0/3OO 47| Hs00426859_g1 170 FAM Non-Fluoresceqt 153 b.p|
NSCEC?Z?QG Hs99999905_m1 71 FAM Non-Fluorescent 122 b.p
NI\/IR_,\é)%EQIg73 Hs00172187_m1 481 FAM Non-Fluorescent 61 b.p.

Table 2.2: Gene, assay, probe, reporter and ampldata for Tagman primer products

supplied by Applied Biosystems.
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2.5 Protein Extraction from Cultured Cells

2.5.1 Extraction using Mammalian Cell Lysis Kit A Buffer)

The reagents in the Mammalian cell lysis kit (Sigmare similar to the
radioimmunoprecipitation assay (RIPA) buffer (Ebario 1987). Reagents in the kit
were stored at -20°C and brought to 4°C prior te. o make up 1ml of lysis buffer
200u! each of 5x Tris-EDTA buffer, 5x NaCl, 5x SD& Deoxycholic acid and 5x
Igepal CA-630 (Nonyl phenoxylpolyethoxylethanol) reemixed with 10ul proteinase
inhibitor cocktail containing 4-(2-aminoethy)beneenlfonyl fluoride (AEBSF),
pepstatin A, bestatin, leupeptin, aprotinin, arahs$repoxysuccinyl-L-leucyl-amido(4-
guanido)-butane (E-64). Cell lysis was performecoading to the supplier's protocol.
Medium was removed from the cells to be lysed #lks evere gently washed with PBS.
The lysis buffer was applied to the cells (Imf/iflls) and placed on a rotating
platform in a cold room at 4°C for 1 hour. A cetraper was used to detach any cells
still attached. The cell lysate was triturated watilml pipette to aid cell membrane
disruption. The lysate was centrifuged at 12,00@ %or 10 minutes at 4°C. The
supernatant was removed with a pipette and savéd thie pellet containing cell debris
was discarded. The protein solution was stored48fG until ready for protein
guantification.

2.5.2 Extraction using Triton X-100

The non-ionic detergent, Triton X-100 (Sigma), (Uaire 1983) was diluted to 0.1%
(v/v) in TBS and stored at 4°C. Prior to use, 10filproteinase inhibitor cocktail
described above was added per 1ml of 0.1% (v/piiriCell lysis was carried out as

described above for the Mammalian cell lysis kit.
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2.6 Protein Quantification

Protein quantification for the cell lysate solusowas done using the Bicinchonic acid
(BCA) method (Smith 1985) with the Micro BCA assky (Pierce, Perbio). The
protocol provided with the product was followed.IudDiobns of bovine serum albumin
(BSA) of known concentrations were used as starsddilde micro-plate procedure was
used. 150ul of standard and unknown samples wpsdted into a 96-well polystyrene
plate in duplicate. BCA working reagent was pre@ddrg mixing reagents MA, MB and
MC in a ratio of 25:24:1 ie 25 parts MA + 24 pau8 + 1 part MC. 150pul of working
reagent was added to each standard and unknowresarhe samples were incubated
at 37°C for 1 hour and then absorbance was re&2ahm on a Spectramax M5e plate
reader (Molecular Devices) running on Softmax Peosion 5.2 software (Molecular
Devices). A standard curve was generated and tineeotration of the unknown

samples was plotted from the curve.

2.7 Immunoprecipitation using Protein A-Agarose

Immunoprecipitation using protein A entails incubgta solution containing a protein
of interest with an antibody raised against theenoof interest and precipitating with
agarose beads covalently linked to protein A. Bmo# binds strongly to rabbit
immunoglobulin G (Lubahn) antibodies (Langone 1982dmark 1983). Centrifuging
separates the beads which have been bound to dhenpof interest via the antibody
(Figure 2.1). The protein of interest can then &deased by heat, which denatures the
proteins and reverses the non-covalent proteibadyi interactions, but not the
agarose-protein A covalent bond. The protocol fomunoprecipitation was obtained
from the Technical Appendix Section of the Sigm&®2@ntibody Catalogue. Protein

A-agarose beads (Sigma) were rehydrated for 1 froun the lyophilised form with
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distilled water. Two millilitres of the rehydratdsbads were washed five times in 50ml
of TBS then re-suspended in 4ml of TBS to give &5@/v) slurry. The slurry was
stored at 4°C. Anti-ADAMTS-15 antibody (Abcam ab285 See Section 2.10.2) of
known concentration was added to the specified atnoticell lysate or medium and
incubated for 1 hour at 4°C on a rotating platfaionprovide gentle mixing. Thirty
microlitres of the 50% (v/v) bead slurry was adtiethe tube and incubated for another
hour. Immunoprecipitated complexes were collecteddntrifuging at 3000 x for 2
minutes at 4°C. The supernatant was discarded laadp¢llet was washed by re-
suspending in ice-cold TBS and centrifuging at 8,80y for 2 minutes at 4°C. The
wash was repeated three times. After the last wastyringe with a 26-polystyrene
needle was used to completely remove all the wadlitien. Thirty microlitres of
Laemmli sample buffer (Section 2.9.3) was addethéobeads and the samples heated
to 95°C. After heating, the samples were centrifuge 12,000 xg for 30 seconds at
ambient temperature. The supernatant was used & $Polyacrylamide gel

electrophoresis (SDS-PAGE).

Before Incubation After Incubation

¥ = Protein of Interest Y= Antibody to Protein of Interest @ ® = Other Proteins @= Protein A

Figure 2.1: Performing immunoprecipitation usingfein A-agarose beads. Protein A

is covalently bonded to the agarose beads, ancepra@t has a strong affinity for rabbit
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IgG. After incubation, the protein of interest isumd to the agarose beads via the
protein A/antibody complex, while other proteinmeegn in solution. Centrifuging the
mixture will result in the protein of interest bgipulled down. The protein is released

from the complex by heating.

2.8 Precipitation using Heparin-Agarose

Heparin-agarose beads are agarose beads with maepalecules covalently bonded.
Proteins with binding affinity for heparin can beparated from a milieu of proteins by
incubating with heparin-agarose beads or by runningy protein solution through a
heparin-agarose column (Sanz 1993; Ticha 1994; Kr2D01, Manaskova 2002).
ADAMTSs are known to bind to heparan sulphate snBCM (Kuno 1998; Gao 2004).
Heparin-agarose beads (Sigma) were used to pulABAMTS-1 and -15 from cell
lysates. The protocol for heparin-agarose predipitavas obtained from the Technical
Appendix Section of the Sigma 2007 Antibody Cataéor immunoprecipitation with
a few modifications. Heparin-agarose beads (Signeg supplied in a suspension of
0.5M sodium chloride (NaCl) containing 0.02% thiosgal as a preservative. Two
millilitres of beads were washed five times in 5@hHITBS then re-suspended in 4ml of
TBS to give a 50% (v/v) bead slurry. The slurry veésred at 4°C. 30ul of the 50%
(v/v) bead slurry was added to either the cell tyg@ontaining both the cellular and
ECM components), or 3-day conditioned medium amdibated for 1 hour at 4°C on
rotating platform to provide gentle mixing. Hepaagarose beads with bound protein
were collected by centrifuging at 3000gxfor 2 minutes at 4°C. The supernatant was
discarded and the pellet was washed by re-suspgndice-cold TBS and centrifuging
at 3,000 xg for 2 minutes at 4°C. The wash was repeated ttinees. After the last

wash, a syringe with a 26-guage needle was usedrpletely remove all the wash
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solution. Thirty microlitres of Laemmli sample beffwas added to the beads and the
samples were heated to 95°C. After heating, thepksmwere centrifuged at 12,00@x
for 30s at ambient temperature. The supernatantused for SDS polyacrylamide gel

electrophoresis (SDS-PAGE).

A o4 .
® | ®
e O O &
A » @ ®
vO AGAROSE 2 " 5
® BEAD . °
o0 7 & A
A® v ’A R
o< & 1‘Q ° Q <
v @
[ ] & @
Before Incubation After Incubation

AV V=Heparin-Binding Proteins @ ® @ = Non Heparin-Binding Proteins OO = Heparin

Figure 2.2: Performing precipitation using hepamagarose beads. Heparin is
covalently bound to the agarose beads. Proteinis affinity for heparin will bind to the
agarose beads via heparin during incubation, whilen heparin-binding proteins
remain in solution. After incubation, the hepariotnd proteins are pulled down with
the heparin-agarose beads by centrifugation. Thecipitated proteins are released

from the beads by heating.

2.9 SDS-PAGE
Sodium dodecyl sulphate polyacrylamide gel eledtovgsis (SDS-PAGE) was used to
separate proteins according to their molecular e{@Raymond 1959; Chrambach

1971). The steps were as follows
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2.9.1 Resolving Gel Preparation

SDS-PAGE was undertaken using 10% (v/v) polyacridemgels. To make the

resolving gels, 2.5mlIs of 40% (w/v) acrylamide (Btad), 2.5mls of resolving gel

buffer (1.5M Tris HCI, pH 8.8) (Bio-Rad), 4.83ml$ distilled water, 0.1mls of 10%

(w/v) SDS (Bio-Rad), 0.05mls of 10% (w/v) ammoniyarsulphate (APS) (Bio-Rad),

and 6l of tetramethylethylenediamine (TEMED) (Bad) were mixed in a 50ml tube.
The mixture was quickly loaded into a glass spassembly (Bio-Rad). This volume of
resolving gel mix was enough to make two gels. Fivadred microlitres of 99.9%

butan-2-ol (Sigma) was gently added into the gtgmscer above the mixture to flatten
the meniscus and prevent oxygen from the air frolnibiting the free radical-mediated
polymerisation reaction. The mixture was left tdypeerise at ambient temperature.
When the resolving gels were polymerised, the glgsacer assembly was tilted
sideways to pour out the butan-2-ol. The meniscas washed twice with distilled

water and carefully blotted dry with filter paper.

2.9.2 Stacking Gel Preparation

To make the stacking gel, 0.36mls of 40% (w/v) ksryde, 1.2mls of stacking gel
buffer (0.5M Tris HCI, pH 6.8) (Bio-Rad), 3.14ml§distilled water, 48u of 10% (w/v)
SDS, 0.048mls of 10% (w/v) APS and 0.0048mls of EHHEMwere mixed in a 15ml
tube. The mixture was quickly loaded into the glagacer assembly above the solid
resolving gel. This volume of stacking gel mix wasough to make two gels. A ten-
well gel comb was inserted into the stacking get mithe glass plate assembly and
then the gel was left to polymerise.

2.9.3 Sample Preparation

Protein concentration in the samples was determeeddescribed in Section 2.6.

Optimal loading volume for the wells in the stagkigel was 10-15ul. Therefore, after
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the desired protein quantity to be loaded was @eligrotein samples were diluted in
1% (v/v) SDS to make up a volume of 10ul if necegs8ample preparation was done
according to the method described by Laemmli (Laémi®70) with minor
modifications. Five microlitres of sample buffer.XR5M tris base, 10% (w/v) SDS,
20% (v/v) glycerol, 0.01% (w/v) bromophenol blue5% (w/v) dithiothrietol) was
added to the sample if reducing conditions weraiired. If non-reducing conditions
were required, sample buffer without the reduciggmd, dithiothreitol (DTT) (Cleland
1964) was used. The samples were heated at 95 ronutes in 500ul tubes. A hole
was made at the top of each tube with a needleeivept pressure build-up within the
tube. If the sample volume was more than 20ul,céqe of the tube was left open to
allow evaporation down to the required volume. Afteating, the samples were cooled
to ambient temperature.

2.9.4 Electrophoresis

The glass spacer plate was assembled into a taikR@l). Fifty microlitres of
electrophoresis buffer (25mM Tris base, 0.192M iglgc0.1% (w/v) SDS, pH 8.3) was
used to test for any leakage from the inner chamdes inner chamber was then filled
with electrophoresis buffer. The comb was careftgiyjoved and protein samples were
loaded into the wells of the stacking gel usingmrgttipped sample loading pipette tip
(Alpha Laboratories) in the desired lane order-Bllie or Dual-Colour protein standard
ladders (Bio-Rad) were loaded in one of the wellsake it possible to estimate protein
size from the bands produced from electrophorésis. outer chamber was half-filled
with electrophoresis buffer; the tank was coverad then connected to a Bio-Rad
Power-Pac 300 current source. Electrophoresis was dt 200V until the bromophenol
blue reached the bottom of the gel. Overheatintp®fgel was prevented by placing the

electrophoresis tank on ice.
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2.10 Western-Blotting

Western blotting was undertaken as described bybirowt al (Towbin 1979) with
minor modifications. The aim of the western blatheique is to transfer proteins that
were separated on the electrophoresis gel ontoli@ s@mbrane in order to allow
immuno-probing.

2.10.1 Protein Transfer

After electrophoresis was completed, a blottingdsach was assembled in a blotting
cassette. Polyvinylidene difluoride (PVDF) membra@mobilon, Millipore) was
soaked in methanol for 5 minutes and then in teangéffer (60mM tris base, 40mM
CAPS, 15% (v/v) methanol, pH 11). Scourer padiylose blotting paper (Sigma) and
the gel were also soaked in transfer buffer fomiiutes. The blotting sandwich was
assembled in the cassette, clear side down inofteeving order: scourer pad, cellulose
blotting paper (Sigma), PVDF membrane, gel, blgttpaper, and scourer pad. The
cassettes were placed in a vertical tank with tearcside facing the anode. The tank
was filled with ice-cold sample buffer and the tavks placed on ice. The proteins were
transferred from the gel to the PVDF membrane bygteb-blotting at a constant current
of 400mA for 30 minutes (Matsudaira 1987).

2.10.2 Immuno-probing

After electro-blot transfer of the proteins to tAR¢DF membrane, the membrane was
blocked for 1 hour in blocking buffer (1% (w/v) eas, 0.05% (v/v) Tween-20, 20mM
Tris, 0.5M NaCl, pH 7.4) (Bio-Rad). Primary immudetection of ADAMTS-1 was
done with either rabbit polyclonal C-terminal aodly (Abcam, ab39194) or mouse
monoclonal proteolytic domain antibody (R&D Syster$AB2197). Dilutions used
were 1:1000 (1upg/ml) for the polyclonal antibodyy ©:500 (1pg/ml) for the

monoclonal antibody. Recombinant human ADAMTS-1 (R&ystems, 2197-AD) was
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used as a positive control for the MAB2197 antibadyestern blot experiments. This
recombinant protein consisted of amino acids “Arg- Ph&* which contains the
proteolytic and disintegrin domains, the first tmfmospondin motif, the cyteine-rich
domain and spacer region, with a predicted magékida on western blotting.

Primary immunodetection of ADAMTS-15 was done wiither rabbit polyclonal
cysteine-rich domain antibody (Abcam, ab28516) abbit polyclonal propeptide
antibody (Abcam, ab45047). The antibodies were useddilution of 1:1000 (1pg/ml)
and 1:5,000 (200ng/ml) respectively according te smpplier's recommendation for
western blotting. The cysteine-rich ADAMTS-15 antlly was raised against a peptide
sequence 'HSTNRLTLAVAW', corresponding to Bfs— Trp’® in the cysteine-rich
domain. This peptide was custom-synthesised (Bagheith an approximate mass of
1.3kDa. The peptide was used in a 1000-molar extoepse-adsorb the antibody as a
negative control. The pre-adsorption protocol wdstaimed from the Millipore
Technical Library (www.millipore.com/userguideshéémcproto016). The peptide was
supplied in powder form and was dissolved to akstogncentration of 769nM in
blocking buffer. The ab28516 antibody was supplieda concentration of 1mg/ml
(6.67nM), and was diluted 1:1000 in blocking bufésrrecommended by the supplier's
protocol for western blotting, giving a final workj molar concentration of 6.67pM.
Antibody-peptide solutions were mixed and incubdtedl hour at 37°C before use in
primary incubation of membranes. GAPDH was deteut#hd a rabbit polyclonal anti-
GAPDH antibody (Abcam ab9485) in a dilution of 1000(1jg/ml).

Secondary immuno-detection was done with swine-rabbit horseradish peroxidise
(HRP) conjugated antibody (P0399) (Dako) for thiebraprimary antibodies, or goat
anti-mouse HRP-conjugated antibody (P0447) (Da&pjie mouse primary antibodies

in a dilution of 1:3000 (113ng/ml). The stock awntles were diluted in blocking buffer.
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The PVDF membrane was incubated in the primarybadii solution for 12 hours at
4°C. After primary incubation, the membrane was healsthree times for 5 minutes
each in wash buffer (0.05% (v/v) Tween-20 in TB®d ancubated in secondary

antibody for 1 hour at ambient temperature.

2.11 Horseradish Peroxidase (HRP) Detection

The PVDF membranes were washed three times fon&tes each in wash buffer after
the secondary antibody incubation to remove unbosedondary antibody. HRP
detection was done with ECL Plus western blottirggedtion kit (Amersham, GE
Healthcare). The chemilumminescent substrate, LemigS-3 Acridan is cleaved by
horseradish peroxidise and acridinium esters re#bt peroxide in the reagent to emit
light as a by-product, which can be detected omyx{film. Detection solutions A
(containing ECL Plus substrate solution with Trigffer) and B (containing stock
acridan solution in dioxane and ethanol) were mikea ratio of 40:1. Excess wash
buffer was drained off the membrane and the menabveas placed protein-side-up on
a flat surface. The protein side of the membrane e@vered with detection solution
and left to incubate for 5 minutes. Excess detacBolution was drained off. The
membrane was covered in plastic film and placednirx-ray cassette. Hyperfilm ECL
(Amersham, GE Healthcare) x-ray film was exposedhenmembranes in the cassette

and developed using developer and fixer solutidGHA).

2.12 PVDF Membrane Stripping
When re-probing of PVDF membranes was required,mienbranes were stripped to
remove bound primary and secondary antibodies tremmmembrane. This was done by

incubating the PVDF membranes in TBST brought to2piby titrating with HCI. The
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membranes to be stripped were incubated for 6 haur4°C with agitation. After
incubation, the membrane was washed three timdswashing buffer to remove the
acidic solution. In order to ensure that the priynantibody from the previous
experiment had been completely removed, the merabravere then probed with

secondary antibody and HRP detection was donesasided above.

2.13 Densitometry

Bands detected on x-ray films from western blottisgperiments were semi-
quantitatively analysed by densitometry when respliusing a GS 710 Calibrated
Imaging Densitometer (Bio-Rad) running on Quantye version 4.5.1 software (Bio-
Rad). A boundary was drawn around each band falysis. The adjusted area and
density (volume) of the band from each treatmentpda was compared with the band
from the control sample, measured as ODrend was defined by the software as the
sum of the intensities of the pixels (in OD) witlarvolume boundary multiplied by the

area of a single pixel (in mfinminus the background volume.

2.14 Fluorescence Immunocytochemistry

Fluorescence immunocytochemisty was undertakeroviollg the protocol in the

Abcam Online Technical Manual (www.abcam.com/tecali Fifty thousand cells

were plated in each chamber of 4-chamber cell wmiltaghamber slides (BD

Biosciences). Cells were left to incubate for 48rso The medium was washed off with
TBS and the cells were fixed and permeabilised dgirey 200l of ice-cold acetone
(Sigma) to the cells in each chamber for 10 minates20°C. The cells were then
washed three times with TBS and incubated with 1%)( bovine serum albumin

(BSA) for 1 hour to block non-specific antibody 8ing, followed by three washes in
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TBS for 5 minutes each. The rabbit polyclonal ADASFL5 propeptide antibody
(Abcam, ab45047) was diluted 1:1,000 (1pg/ml) in @®4v) BSA and 500 ul was
added to each chamber. The cells were incubatedZohours at 4°C with gentle
agitation. The antibody solution was decanted &edcells were washed three times in
TBS for 5 minutes each. Secondary antibody incobaivas done using Alexa Fluor
594 fluorescent tagged goat anti-rabbit IgG antyo@dolecular Probes, Invitrogen).
According to the product information sheet, thexald-luor 594 fluorescent dye has an
excitation maximum of approximately 590nm (oranged a fluorescence emission
maximum of approximately 617nm (red). The Alexa uflb94-tagged secondary
antibody was supplied at a concentration of 2mgind diluted 1:1000 in 1% (w/v)
BSA. The cell monolayer was incubated in antibodiutson for 1 hour at ambient
temperature in the dark. The antibody was decaateldhe cells were washed in TBS 3
times in the dark for 5 minutes each. The nucleihef cells were counter-stained with
1pg/ml DAPI (4°, 6-diamidino-2-phenylindole) (Siginiam TBS. DAPI binds to groves
that lie between the DNA strands in the DNA doutédix (Kapuscinski 1995). DAPI
has an excitation maximum of approximately 358nmtrguiolet) and a fluorescence
emission maximum of 461nm (blue) when bound to tkesbranded DNA (Manzini
1983; Kapuscinski 1995), making it possible to tdgrcell nuclei. The chambers were
separated from the slides using the instrumentipeovby the manufacturer. A drop of
mounting fluid was used to cover the cells andasglcover slip placed on top. Images
were acquired with a Leica DMI 4000B microscopengsLAS AF version 1.6.3

software.
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2.15 Regulation of ADAMTS and TIMP-3 mRNA Expressim by DHT in LNCaP
Cells

The androgen-sensitive LNCaP prostate cancerioellWas used to test the effects of
DHT on ADAMTS expression. LNCaP cells were platetbi24-well culture plates at a
density of 1 x 10 cells/well for RNA extraction, and in 6-well cuteiplates at 5 x 10
for protein extraction. Cells were grown for 48 roun DMEM supplemented with
10% FCS, 100units/ml penicillin, 100pug/ml streptamyand 0.25pug/ml amphotericin
B, at 37°C in a humidified atmosphere of 5% LCMedium was changed to serum-free
DCCM (Biological Industries), supplemented with 2miMglutamine, and the cells
were allowed to acclimatise to the new medium ®rhéurs. This change of medium
was done 48 hours before DHT treatments to minininee effects of a change of
medium on the experimental outcome. The medium thas removed and cells were
treated in fresh DCCM medium for 24 hours with DKHigma), or with flutamide
(Sigma), a non-steroidal AR antagonist (Peets 197®)e treatment doses used were
0.1, 1.0 and 10nM DHT, 1uM flutamide, or 10nM DHT1fM flutamide. DHT and
flutamide were dissolved in 0.1% ethanol. The cdnarm was treated with 0.001%
ethanol, as this was the final concentration o&eth in the treatment arms. For mRNA
expression analyses, medium was removed after @4 lamd Tri Reagent (Sigma) was
applied to the wells to lyse the cells. The resgltcell lysate was stored at -80°C
awaiting RNA extraction. RNA was extracted and cDNynthesized as previously
described in Sections 2.2 and 2.3. For protein esgion analyses, cells were treated
with DHT and flutamide for 72 hours in 6-well celllture plates after which medium
was removed and the cells gently washed with phaispbuffered saline (PBS). 0.01%
(v/v) Triton X-100 in Tris-buffered saline (TBS) wanixed at AC in a volume ratio of

100:1 with Proteinase Inhibitor Cocktail (Sigma) @éescribed in Section 2.5.2. Two
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hundred microlitres of the mixture was applied aglewell for 1 hour at°C to lyse the
cells. The lysate was centrifuged at 12,009 for 10 minutes at%C. The supernatant
was removed and saved while the pellet containiely aebris was discarded. The

supernatant was stored at @Cawaiting protein quantification and western thgft

2.16 Identification of Putative ARES

The genomic sequences foADAMTS]1 ADAMTS15 TIMP3, hKLK3 (Human
Kallikriein 3, PSA) andFOLH1 (Folate Hydrolase 1, PSMA) were obtained from the
Ensembl genome database, Release 49 (www.ensegib(Birney 2004). The 5’
flanking sequence containing the gene regulatogyore the transcription start point
(TSP) and the gene sequence with intron and exonnuation were identified. Using
an in silico approach with the online nuclear receptor bindsitge search tool
NUBIScan version 2.0 (www.nubiscan.unibas.ch) (Poelv 2002), a matrix was
created consisting of the following nine ARE hates AGAACA, TGTACC,
TGTACA, TGTTCT, GGTACA, AGTGCT, TGGTCA, AGTTCT anrAGTACG. Each

half site has previously been shown to be a funatidAR binding site (Monge 2006)

(Table 2.3).
Description ARE Sequence $pecificity for
Androgen Receptor

ARE Consensus 5-GGTACAQggTGTTCT-3 Specific

PSA ARE | 5-AGAACAQcaAGTGCT-3' Specific

Slp HRE 5-TGGTCAQCccAGTTCT-3' Specific

C3 (1) ARE 5-AGTACGtgaTGTTCT-3 Non-specific

GRE Consensus 5-TGTACAQQaTGTTCT-3 Non-specific

NR3C Consensus ARE 5-AGAACAnNnnTGTACC-3' Non-specific

Table 2.3: Six HREs that have been experimentallfie#d and shown to be functional
AR binding sites). The 6 bp half-sites from theB&ERequences (bold italics) were used

to generate the matrix used for the in silico seasc

100



A search strategy was designed to perform a sdarcputative AREs composed of
direct repeats (DRS), inverted repeats (Patel), evmited repeats (ERs) of these half-
sites interposed by a non-specific 3 bp sequermg)ifig a complete 15 bp ARE. A
threshold score of 0.8 was set to minimize falssitp@ predictions. This threshold
setting ensured that only putative AREs with gyalitorresponding to 80-100%
similarity with the half-sites in the matrix weretdcted. The frequency and position of
response elements identified in tADAMTS1and ADAMTS15promoters and gene
sequences which met the search criteria were redotfeor comparison, the promoter
region and sequence of tikKLK3 and FOLH1 genes were also analyzed using the
same strategyhKLK3 gene expression is known to be up-regulated byoged, and
the promoter region contains the functional ARE 8M&AgcaAGTGCT) at -170 bp
from the TSP (Riegman 1991). The expression off@&H1 gene is down-regulated

by androgen (Israeli 1994).

2.17 Regulation of ADAMTS-1, -15 and TIMP-3 mRNA Eyression by TNF in
PC3, LNCaP and Prostate Stromal Cells

PC3, LNCaP and BPHA45 cells were plated in 12-wlaligs at a density of

5 x 1¢ cells/well for PC3 and LNCaP, and 1 x’XlIs/well for the stromal cells. Cells
were grown to 60% confluence. Medium was changeabase. Cells were treated for
24 hours with TNF (Biosource) at concentrations106pg/ml (0.571pM), 100pg/ml
(5.71pM) or 10ng/ml (571pM). TNF was dissolved inl% (w/v) bovine serum
albumin (BSA) in phosphate buffered saline (PB3)e Tontrol arm was treated with
0.0001% (w/v) BSA, as this was the final concertrabf BSA in the treatment arms.

After 24hour of treatment, medium was removed andR€agent (Sigma) was applied
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to the wells as described in Section 2.2. The tegutell lysate was stored at -80°C
awaiting RNA extraction. RNA was extracted and cDNynthesized as previously

described (Section 2.3).

2.18 Transfection Protocols

Silencing of gene expression by RNA interferenceigely used in the study of gene
function and several methods for delivery of siRN#&ve been described (Sandy 2005).
Electroporation, calcium phosphate and lipid-basethods were used in this study.

2.18.1 Electroporation

Electroporation was done using the Nucleofect¢Athaxa, Lonza) and electroporation
Kit-V for PC3 cells and Kit-R for LNCaP cells. Cellto be electroporated were
trypsinised as described in Section 2.1. Five hi#s of complete medium was used to
inactivate the trypsin and the cells were counteihgs an Improved Neubauer
haemocytometer (Hawksley). 1 x®1BC3 cells or 2 x TOLNCaP cells were placed in
1.5ml tubes corresponding to the number of tratisies to be done. The cells were
centrifuged at 800 x for 1 minute and the supernatant removed. Thes vedire re-
suspended in nucleofector solution for 5 minuteS.-05ug of DNA or 0.5 — 3ug of
SsiRNA was added to each tube and mixed with thiesospension. The contents of each
tube were transferred into separate Amaxa cuvedtesding creation of bubbles while
pipetting. Cuvettes were placed in the nucleofeatachine and electroporated using
program T-13 for PC3 cells and program T-09 for 1d®Ccells. The cells were quickly
transferred into 6-well plates containing completedium with no antibiotics, pre-
warmed to 37°C. The plastic pipettes provided m kh were used for transferring the

cells in order to minimise damage to the cells. ¢éks were subsequently incubated in
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a humidified incubator at 37°C in a 5% ¢&mosphere. Knock-down of target siRNA
was analysed by real-time RT-PCR at specified pwiats after transfection.

2.18.2 Calcium Phosphate

Calcium phosphate transfection was done using &eé€tron kit (Promega) by the
reverse transfection method described in AmbionhNetes 11(6) 2004. Cells were
trypsinised (Section 2.1). Five millilitres of cotafe medium was added to inactivate
the trypsin. The cells were centrifuged 80@ for 1 minute and the trypsin-containing
supernatant was removed. The cells were re-susgendeomplete medium without
antibiotics and counted using an Improved Neubdwsmocytometer (Hawksley).
Wells of a 96-well polystyrene plate were used tteppre the reagents and siRNA for
the transfections. For each transfection, 0.4ugiBNA was added to 1.2ul of 2M
calcium chloride (CaG) in 10ul of nuclease free water. Ten microlitrds2g 4(-2-
hydroxyethyl)-1-piperazineethanesulfonic acid (HEPEbuffered saline (HBS)
containing 50mM HEPES (pH 7.1), 280mM NaCl, andviMb Na,HPO, was pipetted
into a separate well. The siRNA-Ca@hix was added drop-wise into the HBS and the
mixture was incubated at ambient temperature fomQutes. A 48-well plate was
prepared for the final transfection by adding 8@l complete medium with no
antibiotics to each well to be used. The sSIRNA-GaBS mix was added to the
medium in the respective wells. Thirty thousandscelere added to each of the wells
containing the siRNA mix and the final volume otkavell was made up to 200ul with
complete medium containing no antibiotics. The scellere left in the transfection
reagent for 16 hours during which time they attdche the bottom of the plate.
Medium containing the transfection reagents wasoked and replaced with fresh
complete medium containing no antibiotics. Knocdwd of target siRNA was

analysed by real-time RT-PCR at specified time {soafiter transfection.
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2.18.3 Lipid-based Methods

2.18.3.1 Metafectene Pro

Metafectene Pro transfection was done by the revieamsfection method described in
Ambion TechNotes 11(6) 2004. Cells were trypsinig&ection 2.1) and 5ml of
complete medium was added to the tube to inactiva¢etrypsin. The cells were
centrifuged briefly and the trypsin-containing mediwas removed. The cells were re-
suspended in complete medium without antibioticd aounted using an Improved
Neubauer haemocytometer (Hawksley). Wells of a 88-polystyrene plate were used
to prepare the reagents and siRNA for the transfext In one well, 0.5ug of sSiRNA
was added to 50ul of serum-free medium and in aragpwell, 3ul of Metafectene Pro
(Biontex) was added to 50ul of serum-free mediutre €ontents of the first well were
added to the second and the siRNA mix was incubateximbient temperature for 20
minutes. The mix was then placed into the wella d48-well plate which was to be used
for transfection. Thirty thousand cells were addieekach of the wells containing the
SsiRNA mix and final volume of each well was madeto200ul with complete medium
containing no antibiotics. Knock-down of target NiR was analysed by real-time RT-
PCR at specified time points after transfection.

2.18.3.2 Dharmafect 2

Transfection with Dharmafect 2 was also done byrtheerse transfection method as
described in Ambion TechNotes 11(6) 2004. Cellsenteypsinised (Section 2.1) and
5ml of complete medium was added to the tube tctivete the trypsin. The cells were
centrifuged briefly and the trypsin-containing mediwas removed. The cells were re-
suspended in complete medium without antibioticd aounted using an Improved
Neubauer haemocytometer (Hawksley). Wells of a 88-polystyrene plate were used

to prepare the reagents and siRNA for the transfext In one well, 2.5ug of sSiRNA
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was added to 10ul of serum-free medium and in aragpwell, 0.4ul of Dharmafect 2
(Dharmacon, Thermo Fisher) was added to 19.6uéfrs-free medium. The contents
of the first well were added to the second andstR&NA mix was incubated at ambient
temperature for 20 minutes. The mix was then plactxithe wells of a 48-well plate
which was to be used for transfection. Thirty tremd cells were added to each of the
wells containing the siRNA mix and final volume @dch well was made up to 200ul
with complete medium containing no antibiotics. Kkalown of target siRNA was

analysed by real-time RT-PCR at specified time {soafiter transfection.

2.19 Transient Knock-down of ADAMTS-1 and -15

Transient transfection was undertaken using SIGEROMMARTpool siRNA
synthesized commercially by Dharmacon. Each SMART®RNA vial contained a
pool of four different siRNA sequences directed iagfathe gene of interest. The
sequences are listed in Table 2.4. GAPDH was kribckeavn to serve as a positive
control, and a non-targeting siRNA sequence (NT&img no identity to any sequence
in the human genome was transfected into cellssaparate set of wells as a negative
control. The sequences of the positive and negatwerol were proprietary. GAPDH
and NTC experiments were carried out using siCoi@®PD (Cat# D-001140-01-05)
and siControl Non-Targeting siRNA (Cat# D-00120§-18spectively. To monitor
transfection efficiency, separate cells were tractsfd with siGLO Red (Cat# D-
001630-02-05). Cells were transfected using eitleectroporation with the
Nucleofector 1l kit (Amaxa, Lonza), calcium phosphawith the Profection kit
(Promega), Metafectene Pro (Biontex) or Dhamafe¢DBamacon), as described in
Sections 2.18.1. Figure 2.4 shows a schematic septation of the gene knock-down

process.
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SMARTpool Sense/ Sequence
Gene ID Antisense

ADAMTS1 D-005761-01 | Sense GGAAAUGGAUCUACUUGUAUU

Antisense | 5-UACAAGUAGAUCCAUUUCCUU

D-005761-03 | Sense GAAGGGA.AAUGGUGUAUCAUU

Antisense | 5-UGAUACACCAUUUCCCUUCUU

D-005761-04 | Sense GAACCAGGAUUCCCACAUGUU

Antisense | 5-CAUGUGGGAAUCCUGGUUCUU

D-005761-05 | Sense GCAGUGGUCUAAAGCAUUAUU

Antisense | 5-UAAUGCUUUAGACCACUGCUU

ADAMTS15 | D-005766-01 | Sense GCGCGGACCUGGAACAUUAUU

Antisense | 5-UAAUGUUCCAGGUCCGCGCUU

D-005766-03 | Sense CUGCGACGCUGCUUCUAUUUU

Antisense | 5-AAUAGAAGCAGCGUCGCAGUU

D-005766-04 | Sense CCAAGCGUUUCGUGUCUAUUU

Antisense | 5-AUAGACACGAAACGCUUGGUU

D-005766-05 | Sense GCAAGAAGGUGACUGGACUUU

Antisense | 5-AGUCCAGUCACCUUCUUGCUU

Table 2.4: Sequence data for SSIGENOME SMARTpodAifRom Dharmacon showing
the sequence ID and the nucleotide sequence fdr efathe siRNA duplexes. For each

gene, four siRNA duplexes were pooled togethersapglied in one vial.

2.20 Stable Knock-down of ADAMTS-1

Two shRNA sequences against ADAMTS-1 mRNA weregtesil using a web design
tool on the Ambion website (www.ambion.com), andtegsised by Ambion. They
were designated ATS1a and ATS1b (Figure 2.3). Tigprucleotides were annealed

and inserted into the p-Silencer CMV vector (Infen) using the manufacturer’s
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protocol. TOP-10 competeti.coli (Promega) were transformed with the vector and
incubated in LB broth (Invitrogen) at 37°C for 24ine. Plasmid DNA from thé&.coli
was then extracted with Maxipreps (Qiagen) usirg shpplier's protocol. PC3 cells
were transfected using either electroporation with Nucleofector Il kit (Amaxa,
Lonza) or calcium phosphate with the Profection(Ritomega) as described in Sections
2.18.1 and 2.18.2 respectively (Figure 2.4). Swsfolly transfected cells were selected
by growing in complete medium containing 12.5pgjfmiromycin (Invitrogen) for
ATS1a or complete medium containing 500ug/ml genme{neomycin) (Invitrogen) for

ATS1b. Knock-down levels were analysed by real-tRTePCR.

ATSla shRNA Sequence

5-UCGAAUUGACCUUCGUAUUCUUUCUUAGACAACUUAAGAAAGAAUACG AAGGUCC-3

UCUUAGACA
5-UC6GAAUUGACCUUCGUAUU
3-CCUGGAAGCAUAA
GAAAGAAUU

ATS1b shRNA Sequence

3’-UCGAAUUUCGUAAUGGAAGAGUGCAAAGAGAACUCUUGCACUCUUCCA UUACGAC-5

AGA
33-UCGAAUUUCGUAAUGGAAGAGUGCAA G
5-CAGCAUUACCUUCUCACGUU A

CUCA

Figure 2.3: shRNA sequences designed for ATS1&asd b showing expected hairpin

structure when folded.
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Figure 2.4: Schematic represesntation of transsemt stable knock-down of ADAMTS-

1 and ADAMTS -15.

2.21 Proteolysis Assays

Methods to image proteolytic activity were adadtetn Sameni et al (Sameni 2003).
To create multicellular spheroids, PC3 or stronedlsovere grown until confluent then
trypsinised. The trypsinised cells were gently $farred using a pipette into a 100mm
dish that had its base coated with 1% (w/v) aghnmPs of cells formed spheroids in
24-48 hours. Quenched fluorescent gelatin, (DQ-@gléViolecular Probes,
Invitrogen) was added to ECM Gel (Sigma) at 4°@ concentration of 25-40ug/ml.
ECM Gel is a solubilised extract from the Engelbseiblm-Swarm (EHS) mouse
sarcoma which is rich in ECM proteins including laim, collagen IV, heparan
sulphate proteoglycans, enactin and nidogen (Klam@982). DQ-Gelatin consists of
molecules of a fluorescent probe and a quenchardtmgelatin. As the gelatin

molecule is cleaved, the probe and quencher ageaep and fluorescence can be
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visualised (Jones, L.J. 1997) (Figure 2.5). Geliatim partially denatured form of
collagen, and gelotinolytic activity has been uaedeasure of proteolytic activity

(Fields 1990; Wilson 1993; Ratnikov 2000; Frede@k4).

fluorescence

fluorescence quencher
quencher
gelatin Proteolytlc
suihstrate \
Cleavage

fluorophore . —
N fluorophore

Figure 2.5: Cleavage of quenched fluorescent gelayi proteolysis. Gelatin molecules
in DQ-Gelatin are conjugated to a fluorophore and fluorescence quencher.
Proteolytic cleavage of the gelatin molecule sepesathe fluorophore from the

qguencher and fluorescence is emitted.

Spheroids or cells were left to sediment by grauitya 1.5ml tube, and then pipetted
from the bottom of the tube using a Pasteur pip&@M gel is in a liquid state between
0-8°C and solidifies at temperatures above 8°CyMnere suspended in ECM Gel mix
at 4°C and plated onto sterile glass cover slip§-well plates. The ECM Gel was left
for 10-15 minutes in a tissue culture hood to siglidrive millilitres of complete or

serum-free medium was added to each well. Plates weubated and photographs

were taken at various time points up to 7 days.

2.22 Chemotaxis Assay

Chemotaxis assays were perfomed using modified &oychambers (Boyden 1962;
Albini and Benelli 2007). Two hundred thousand Rs&ls were placed in the upper
chamber in 200ul of serum-free medium and 500pthefchemo-attractant to be tested

was placed in the lower chamber. The chemo-atmacteedia were all prepared from

109



DMEM as follows. Serum-free DMEM, DMEM with 10% )/ FCS added (complete
medium), or stromal cell-conditioned complete mediconditioned for different
durations. The conditioning was done using confi&PH45 cells in T75 tissue culture
flasks. Ten millilitres of complete medium was adi@ad left to condition for 24 hours,
48 hours, 72 hours or 7 days. The medium was t@oved and centrifuged at 5,000 x
g for 10 minutes to remove cells or debris. The sugant was placed in a fresh tube
and stored at -40°C until ready for use. Chemotassays were perfomed by incubating
the cells at 37°C for 12 hours in the upper conmpant of the Boyden chambers with
no Matrigel coating on the filters (Figure 2.6).té&fincubation, the filters were stained
with 4% (w/v) crystal violet in ethanol for 1 hoand then counted. The non-migrating
cells were first wiped off the top of the filter mérane using moistened cotton buds.
The filters were stained for 1 hour and then washetly with tap water. Four high

power fields (hpf) were counted at magnificatiorx 0 and the mean was calculated.

Modified Boyden Chamber
Upper

compartment
with cells and
medium
—
—

Lower
compartment__—"1
with chemo-
attractant Polycarbonate
filter with pores

Cells migrating
Upper compartment through filter
— pores

— OEEE_

Lower compartment

Polycarbonate
Filter

Figure 2.6: Modified Boyden chamber used for chexistassays.PC3 cells were
plated in the upper compartment and the test chatimactant medium in the lower
compartment. There was no Matrigel coating on thers. Number of cells migrating
through the filter to the lower compartment wereitied as a measure of the chemo-

attractive gradient.
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2.23 Proliferation Assays

2.23.1 Haemocytometer Cell Counts

Proliferating cells were counted directly usinglamproved Neubauer haemocytometer
(Hawksley) to produce a growth curve (Jones, HI71 Wiepz 2006). Fifty thousand

cells/well were placed in 12-well plates in quadicgie in serum-free medium. At 24,

48, and 60 hours, cells were detached using trypBINA (Section 2.1), res-suspended
in serum-free medium and counted. After each cothd, cells were re-plated and

incubated until the next time point.

2.23.2 MTT Assay

Cell proliferation was analysed using timevitro Toxicology Assay Kit (Sigma), which
is based on the MTT (3-[4,5-dimethylthiazol-2-ylpiphenyl tetrazolium bromide)
reaction. The assay was done according to the gobtorovided by the supplier.
Mitochondrial dehydrogenases of viable cells cleélve tetrazolium ring of MTT
forming formazan crystals which change the coloithe solution from yellow to
purple (Vistica 1991). The intensity of the purgladour is directly proportional to the
number of viable cells. Fifty thousand cells welatgd in 12-well plates in triplicate.
For each experiment, 4 sets of cells were platesgt 10 be counted on day 0, day 1, day
2 and day 5 of the experiment. The MTT vial prodade the kit was reconstituted with
3mls of DMEM without phenol red. At the designatiche point, the cells were
removed from the incubator and 100ul of the MTTusoh was added to 900ul of
DMEM without phenol red in each well. The cells weeturned to the incubator for 2
hours. After the 2 hours incubation, the cells wermoved from the incubator and
100pl MTT solubilisation solution was added to eaeg#ll with gentle trituration to
dissolve the purple formazan crystals. 200ul ofmfazan solution from each well was

transferred into separate wells of a 96-well pkatd absorbance was measured using a
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Spectramax M5e plate reader (Molecular Deviceshinghon Softmax Pro version 5.2
software (Molecular Devices). Background absorbamicéhe plate was measured at
690nm and subtracted from the absorbance of thmalman solution measured at

570nm.

2.24 Migration Assays

For the purpose of this thesis, migration referhhéomovement of living cells in contact
with a biologic or synthetic scaffold, from one pms to another, with no physical
barrier between the two positions. Migration assegse perfomed either with the
Boyden chamber or with the scratch assay.

2.24.1 Migration using the Scratch Assay

The scratch assay (O'Toole 1997, Cao 2006; Liang7R@vas used with some
modifications. Matrigel (BD Biosciences), similar ECM gel (Sigma), is a solubilised
extract from the Engelbreth-Holm-Swarm (EHS) mosaecoma containing laminin,
collagen IV, heparan sulphate proteoglycans, emaatid nidogen (Kleinman 1982).
Matrigel was diluted in ice-cold serum-free meditiona concentration of 60pg/mi.
Twelve-well plates were coated with 500ul of thethdgel solution and allowed to dry
overnight in a tissue culture hood. The excess iyEtwas gently washed off using
PBS. One hundred thousand cells were plated in watihto be used and left for 24 —
48 hours to attach. A 200ul plastic pipette tip waed to scratch the bottom of the
plate, creating a gap in the cell monolayer. Thelioma was removed and disrupted
cells were gently washed off with PBS. One milidiof fresh serum-free medium was
added to each well. Cytosine arabinoside (Ara-@n(8@) was added at a concentration
of 500ng/ml to inhibit a cell proliferation durirthe migration process (Dawson 1986).

The plate was placed for 24 hours in a humidifiedetlapse microscopy chamber at
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37°C in 5% CQ for image capture. Images were captured with @d&M| 6000B
time-lapse microscope running on LAS AF softwarersvm 1.7.0 (Leica
Microsystems). Distance migrated was calculatedudytracting the width of the start

gap from the width of the end gap (Figure 2.7).

Figure 2.7: Cell migration using the scratch assB{Z3 cells were allowed to grow to
confluence and then a scratch created using alstptastic 20@I pipette tip. Cytosine
arabinoside was added to inhibit cell proliferatigluring the assay. The width of the
gap at the end of the assay was subtracted fronwitigh at the start (W— W) to give

distance migrated.

2.24.2 Migration using the Boyden Chamber Assay

The modified Boyden chamber was adapted for useigmation assays (Boyden 1962;
Albini 1987; Taniguchi 1989; Szpaderska 2001; All®#007). Transwell permeable
polycarbonate 13mm filter wells with 8um pore s{@®rning, Fisher Scientific) were
used with no Matrigel coating applied to the fétefwo hundred thousand cells were

plated in the upper chamber of the transwell issertserum-free medium. Forty-eight
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hour conditioned medium from prostatic stromals&lhs placed in the lower chamber
as a chemo-attractant (Figure 2.6). Previous exyseris had confirmed the chemotactic
effect of prostatic stromal cell-conditioned medium PC3 cells (Section 3.5). The
chambers were placed in a humidified incubator7aC3in 5% CQ for 6 hours. This
duration was determined to be the optimal timecfaunting migrating PC3 cells using
this method in preliminary experiments. The numbgcells migrating to the lower
surface of the filter was counted by staining thiers with either haematoxylin and
eosin (H&E), or with 4% (w/v) crystal violet in 95%thanol (Sigma). For H&E or
crystal violet staining, the non-migrating cellsrevdirst wiped off the top of the filter
membrane using moistened cotton buds. The filte¥sgevetained for 1 hour and then
washed gently with tap water. Four high power 8elthpf) were counted at

magnification of x 20 and the mean was calculated.

2.25 Invasion Assays

For the purpose of this thesis, invasion referthéomovement of living cells in contact
with a biological or synthetic scaffold, from oneimt to another, with a biological
barrier separating the two points. Thus, the cetigst penetrate the intervening
biological barrier to get from one point to the ethinvasion assays were adapted for
modified Boyden chambers (Boyden 1962; Albini 198@niguchi 1989; Szpaderska
2001; Albini 2007). Matrigel (BD Biosciences) suigpl at a concentration of 6.5mg/mi
was diluted with chilled serum-free medium. The maedhad to be chilled as Matrigel
solidifies at temperatures above 8°C. Transwelhmaable polycarbonate 13mm filter
wells with 8um pore size (Corning, Fisher Scieajifivere coated with 5ug or 20ug or
no Matrigel. Some filters were also coated on thelew-surface with Matrigel

containing 50pg/ml of DQ-Gelatin. This is methodsvaeveloped to enable detection of
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invading cells in real-time and was used to deteenthe optimal time to terminate the
assay. Filters were left to dehydrate by air dryiimga tissue culture hood overnight.
They were then rehydrated in serum-free mediuni fbour prior to experiments. Two
hundred thousand cells were plated in the uppembka of the transwell inserts in
serum-free medium. Forty-eight hour conditioned imedfrom prostatic stromal cells
was placed in the lower chamber as a chemo-athtaq@igure 2.8). Previous

experiments had confirmed the chemotactic effegirostatic stromal cell-conditioned
medium on PC3 cells (Section 3.5). The number wdding cells was counted either by
staining the filters with either haematoxylin arabie (H&E), or with 4% (w/v) crystal

violet in 95% ethanol. In the wells with the unadeating of DQ-Gelatin in Matrigel,

invading cells were detected by counting fluorescgpots as the invading cells
proteolytically cleaved the DQ-Gelatin on the underface of the filter (Figure 2.8).

For H&E or crystal violet staining, the non-invagdioells were first wiped off the top of
the filter membrane using moistened cotton buds. filters were stained for 1 hour and
then washed gently with tap water. Four high poWwelds (hpf) were counted at

magnification of x 20 and the mean was calculated.

Modified Boyden Chamber
Upper Cells invading
compartment through Matrigel
with cells and Upper compartment & filter pores
medium —
— — Matrigel Layer
Lower | — > —_
compartment_—"1 I Polycarbonate
with chemo- \ Filter
attractant Polycarbonate Lower compartment
filter with pores Film of Matrigel
with DQ-Gelatin
which fluoresces
as cells
penetrate

Figure 2.8: Modified Boyden chamber used for ineasassays. Some filters were

coated on the under-surface with Matrigel contagniDQ-Gelatin. This enabled
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counting of invading cells by the fluorescence &iitas they made contact with the

DQ-Gelatin on the under-surface.

2.26 Statistical Analysis

Data from preliminary ADAMTS mRNA expression stusliasing realtime RT-PCR
had shown wide variations in expression levels. THiAgostino-Pearson test for
normality did not support a Gaussian distributidnttee data. Therefore for mRNA
expression experiments, non-parametric statistésas were used. The Kruskall-Wallis
test was used to test for statistically significdifiterences between the medians of each
treatment group. Differences in expression levedsewtested for significance with the
Dunn’s multiple comparison test, which analyzesedénces in rank sum between each
treatment group and control. The Grubb’s test waesiuo identify and remove outlying
samples where appropriate.

Data from chemotaxis, proliferation, migration amyasion assays appeared to be
normally distributed. The D’Agostino-Pearson test mormality supported a Gaussian
distribution of the data and therefore paramettatigtical tests were used. For the
chemotaxis assays, analysis of variance (ANOVA) Rnodnett’s post test was used to
determine if there was variance between the mehtiseedest chemo-attractant groups
and if the means differed significantly from thentol mean. For the proliferation,
migration and invasion experiments, the unpairddst-was used to analyse for
statistically significant differences between tloatrol and knock-down cell groups. All
statistical tests were performed on Graphpad Pfistn (GraphPad Software Inc).

Statistically significant differences were definadp values<0.05.
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CHAPTER 3

IMAGING OF PROTEOLYSIS
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CHAPTER 3:

IMAGING PROTEOLYTIC ACTIVITY OF PROSTATE CANCER AND
STROMAL CELLS

3.1 Introduction

ECM degradation and remodelling is a hallmark afceat progression (Rowe 2009).
The exact mechanisms of ECM invasion and metastasiqnot fully elucidated but
ECM proteolysis has been demonstrated around ingadancer cells (Wolf 2009).
Stromal cells are reported to be active participamtECM proteolysis and degradation
(Sameni 2003; Sloane 2005; Sloane 2006; Sameni) 2G@8atinolysis has been used to
evaluate proteolytic activity (Fields 1990; Wilsd®93; Ratnikov 2000; Frederiks
2004). ADAMTS-1 is reported to have gelatinolytictigity (Lind, T. 2006), but
gelatinolytic activity of ADAMTS-15 has not beentdemined. The purpose of the
experiments described in this chapter was to inya&&t the gelatinolytic activity of
prostate cancer and stromal cells in a 3D cultuoeleh Gelatinolytic activity of the
cells would suggest proteolytic ECM degradationeljracellular proteinases possibly

including ADAMTS-1.

3.2 Gelatinolytic Activity of Multicellular Tumour Spheroids

Multicellular tumour spheroids were made from P@Hsc(Figure 3.1), LNCaP cells

(Figure 3.2) and BPHA45 prostate stromal cells (Feg13) and grown in 3D culture in

ECM gel containing DQ-Gelatin as described in ®ect2.21. Images were captured
under a fluorescence microscope at 12, 24, 48 arftb@rs after culture. There was no
fluorescence visible at the 12 and 24 hour timentsoi(Figures not shown).

Fluorescence became visible after 48 hours in @ltind increased in intensity up to

the 60 hour time point with no appreciable increaséntensity after 60 hours. The
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tumour sphroids produced cellular projections iatigy that the cells were invading the
ECM gel (Figures 3.1 and 3.3). The LNCaP spheradidsnot produce any cellular
projections at the 60 hour time point, suggestimgt  NCaP cells were slower than
PC3 and BPHA45 cells to invade the ECM gel. Flu@ese appeared to be most intense
over the body of the tumour spheroids, while theses comparatively less intense
fluorescence around the invading cells (Figure83ahd 3.3B). Fluorescence from
BPH45 tumour spheroids was brighter than fluoreseefiom the PC3 spheroids
(Compare Figure 3.1B with Figure 3.3B). Repregdergamages from three separate

experiments were shown.

Figure 3.1: PC3 multicellular tumour spheroid grown 3D culture in ECM gel
containing 25mg/ml DQ-Gelatin. Images were capturadder a fluorescence
microscope after 60 hours in culture. A, in whités light and B blue light only.
Green fluorescence indicated areas of gelatinolwntivity (black arrows). Cellular
projections were seen as the cells in the tumobespd began to invade the ECM gel
(white arrows). There was no obvious fluorescerictha leading edge of the cellular

projections.
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Figure 3.2: LNCaP multicellular tumour spheroid gvo in 3D culture in ECM gel
containing 25mg/ml DQ-Gelatin. Images were capturadder a fluorescence
microscope after 60 hours in culture. A, in whités light and B, blue light only.
Green fluorescence indicated areas of gelatinolgtitivity (black arrows). No cellular
projections were seen at this time point suggediivag LNCaP tumour spheroids are

slower at invading the ECM gel than PC3 tumour spius (Figure 3.1).

Figure 3.3: BPH45 (stromal cell) multicellular tumiospheroid grown in 3D culture in
ECM gel containing 25mg/ml DQ-Gelatin. Images weaptured under a fluorescence
microscope after 60 hours in culture. A, in whitght and B, blue light. Green
fluorescence indicated areas of gelatinolytic atfiyblack arrow). Cellular projections
were seen as the cells in the tumour spheroid beéganvade the ECM gel (white

arrows). There was no obvious fluorescence seeaheteading edge of the cellular
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projections, but there was intense fluorescence the body of the tumour spheroid,
which was brighter than fluorescence seen arourel RIC3 and LNCaP spheroids

(Figures 3.1 and 3.2).

3.3 Gelatinolytic Activity of PC3 Cells in Monolaye Culture

PC3 cells were suspended in ECM gel containing Dt and grown in monolayer

3D culture in a tissue culture dish (Section 2.2he cells settled to the bottom of the
dish before the ECM gel was fully set. The cellsevebserved for fluorescence at 24
hour intervals after culture. Fluorescence becamible after 7 days in culture, in

contrast with the multicellular tumour spheroidsiethwere fluorescent after 2 days.
Fluorescence was greater around elongated cellpar@ah to rounded cells (Figures 3.4
and 3.5), suggesting that migrating cells in moy@iaculture are more proteolytically

active than non-migrating cells. Representativegesarom three different experiments

were shown.

Figure 3.4: PC3 cells in monolayer 3D culture in BQel containing 25mg/ml DQ-

Gelatin. Images were captured under a fluorescenimeoscope after 7 days of culture.
A, in white+blue light and B, blue light. Green dhescence indicated areas where
gelatinolytic activity was present. The boxed ageshowed under higher magnification

in Figure 3.5.
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Figure 3.5: PC3 cells in Figure 3.4 (inset boxeg) ragher magnification. A, in
white+blue light and B, blue light only. Green ftescence indicated areas of
gelatinolytic activity. Elongated cells (black awse) emitted more fluorescence than

round cells (white arrows).

3.4 Co-Culture of PC3 Cells and Prostate Stromal Qs

To determine whether interaction between prostatecer and stromal cells would
affect the pattern of gelatinolytic activity, PC3ultncellular tumour spheroids were co-
cultured with BPH45 prostate stromal cells in ECKl gontaining DQ-Gelatin. At 7
days, the PC3 tumour spheroids and the stromal welie well established. The stromal
cells were distinguished by their large, elongathdpe and characteristic bright-green
fluorescence (Figures 3.3, 3.6B and 3.7). PC3 celigrated out from the PC3
spheroids and formed aggregates around the strosil (Figures 3.6 and 3.7).

Representative images from three different expearten@ere shown.
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Figure 3.6: PC3 and BPH45 stromal cell co-cultureECM gel containing 25mg/mi
DQ-Gelatin after culture for 7 days. A, in whitght and B, in blue light. Areas of
green fluorescence indicated proteolytic activR3 cells formed aggregates around

the stromal cells (SC).

Figure 3.7: PC3 and BPH45 stromal cell co-culturerh Figure 3.6 (inset boxes) A, in
white+blue light and B, in blue light. PC3 cello(nd shaped cells) formed aggregates
around the stromal cells (SC). The stromal cellsenidentifiable by their elongated

shape and the characteristic bright green fluoreses(see Figure 3.3A and B).

3.5 Chemotactic effect of Conditioned Medium from 8omal Cells on PC3 Cells

Co-culture of PC3 and stromal cells (Section 3.4ggested that PC3 cells were
attracted to or divided preferentially near to siserounding stromal cells. To determine
whether prostatic stromal cells released factoet produced a chemo-attractive or

mitotic gradient which could explain the findings$ection 3.4, PC3 cells were seeded
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in the upper compartment of a modified Boyden chemhith conditioned medium
from stromal cells in the lower compartment (Sectib22). DMEM with 10% (v/v)
FCS was used as the control chemo-attractant isratepwells. One-way ANOVA was
used to test for variance in the means of the groapd the Bonferroni multiple
comparison test was used to compare DMEM + 10% (v3S with each of the other
chemo-attractant media. Similar results were obthim two separate experiments.
There was a significant variance between the mgas001). The chemo-attraction of
PC3 cells increased with the duration of conditignof DMEM in stromal cell culture,
with p<0.001 after 48 hours of conditioning (Figu8e8). The decrease in chemo-
attraction between 48 hour and 72 hour conditiomrag not statistically significant.
Conditioning was extended to 7 days. There wasrtndu increase in the chemo-
attractive gradient at 7 days (p<0.001). However alays, there was detachment of
cells from the culture flask and the phenol reddatbr in the culture medium changed

to yellow, indicating a drop in pH of the medium.

Experiment 1 Experiment 2
40- * *k% *%k%k *k%k

301

204

No of migrated cells/HPF (x20)
No of migrated cells/HPF (x20)

DMEM Medium in Lower Compartment DMEM Medium in Lower Compartment

Figure 3.8: Chemotaxis assay showing the chemagitire force on PC3 cells by
DMEM conditioned with BPH45 stromal cells. PC3 sellere seeded in the upper

compartment in serum-free DMEM. DMEM with 10% (WgS was conditioned for
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the specified durations and used in the lower catnpent of a modified Boyden
chamber (Figure 2.7). Serum-free DMEM was also ugsedne of the test chemo-
attractants. DMEM + 10% FCS was designated as th&rol group. Each experiment
was done with 4 replicates. Mean () SEM is sho®CCM= stromal cell conditioned

medium; * = p<0.05, **=p<0.01, ***=p<0.001.

3.6 Discussion

This chapter describes demonstrated the proteofdiovity of prostate cancer and
stromal cells in 3-D culture and the chemotactileatf of prostatic stromal cells on
cancer cells.Prostate cancer and stromal celldeggaically degraded components of
the surrounding ECM, visualised by cleavage of D€afin which was added to the
ECM gel in which the cells were cultured. Gelatysis could be due to the activity of a
number of proteinases including MMP-2 (gelatinaseaAd MMP-9 (gelatinase B).
ADAMTS-1 has also been shown to have gelatinolgativity (Lind, T. 2006).
Proteinase-specific inhibitors were not used, $s itot possible to identify specifically
which proteinases were responsible for the gels@irztivity.

In the proteolysis experiments, the stromal tumsphreroids and stromal cells emitted
brighter fluorescence than the PC3 and LNCaP casygeeroids and cells, suggesting
that the stromal cells were more proteolyticalltiveee Some reports have suggested that
cross-talk between cancer and stromal cells resnltstromal cells executing pro-
tumour activity, including excessive proteolysisid&dCM degradation (Sameni 2003;
Sloane 2005; Sloane 2006; Sameni 2009). Experimeritss chapter also imaged the
early invasion of the ECM by tumour cells as theignated out of the multicellular
spheroids (Figures 3.1 and 3.3). The invading [llprojections did not emit obvious

fluorescence compared to the body of the tumouergpths. This could be because
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invading cells are able to switch between protaslgependent and independent states
as they migrate (Sahai 2003; Wolf 2003), suggestiag some stages of ECM invasion
by cancer cells may not be entirely proteolysisethelent. The multicellular tumour
spheroid model could be further developed to gurgher insights into the interactions
between invading tumour cells and the TME duringasion. Imaging of PC3 cells in
monolayer 3D culture suggested that elongated vedi® more proteolytically active
than round cells (Figure 3.5). The experiments weo¢ designed to study cell
migration, so it is not possible to conclude tiat €longated cells were in the process of
migrating, but this may be the case. The imagekeproteolysis experiments generally
showed limited pericellular detail, which should tag&en into account when making
inferences on the observations from these expetsnen

Co-culture of PC3 and prostatic stromal cells tesuln PC3 cells aggregating around
the stromal cells. This could either be due to RE€B migrating towards the stromal
cells in response to a chemotactic gradient, orR@8 cells around the stromal cells
proliferating at a higher rate than those moreadisto the stromal cells. To investigate
this phenomenon, chemotaxis assays were perfontedP@3 cells using stromal cell-
conditioned medium. There was strong evidence efndhkattraction of PC3 cells by
stromal cell-conditioned medium, and the chemaaative effect increased with longer
duration of conditioning. This infers that there @oluble factors released by prostatic
stromal cells that influence the behaviour of caresdls. Growth factors produced by
stromal cells, for example fibroblast growth fac{®iGF) (Byrne 1996; Culig 1996)
could be responsible for the chemotactic effechdiitoning up to seven days appeared
to have depleted the nutrients in the medium. fbeeased chemo-attraction seen at the
7-day time point may be due to cell lysis and r&teaf soluble cytoplasmic molecules

into the culture medium, It is known that tumatiemal interaction has an important
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influence on tumour progression (Chung 2005; Thaim2010), but no experiments in
this study were performed to further charactehsse interactions.

In conclusion, imaging of proteolytic activity byrgstate cancer and stromal cells
showed evidence of ECM proteolysis and has denetesiithat prostatic stromal cells
play a contributory role in ECM remodelling. Theseinteraction between cancer and
stromal cells via the release of soluble factots the ECM and also possibly via direct

cell to cell contact.
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CHAPTER 4

EXPRESSION OF ADAMTS-1, -15 &
TIMP-3 IN PROSTATE CELLS
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CHAPTER 4.

EXPRESSION OF ADAMTS-1, -15 & TIMP-3 IN PROSTATE CELLS

4.1 Introduction

Work by Cross et al analysed the relative exprassilADAMTS-1, -15 and TIMP-3 in
PC3, LNCaP and DU145 prostate cancer cell linesBRH45 prostate stromal cells
(Cross 2005). ADAMTS-1 and -15 were the most abaotidaexpressed. TIMP-3
expression was relatively higher in BPH45 and LNCals. To confirm these findings
and to perform further expression analyses, ADAMIS15 and TIMP-3 mRNA
relative expression was determined by realtime RRRn PC3, LNCaP and C4-2b4
prostate cancer cell lines, and PCAF prostatioblasts ( Section 2.1). Expression in
U373 astrocytoma and MDA-G8 breast cancer celkliwas also analysed as positive
controls. The U373 cell line has been reportedkfwess ADAMTS-1 (Dr Martin Reid,
pers commun), and the MDA-G8 cell line has beeronegd to express ADAMTS-15
(Dr Julia Woodward, pers commun). SDS-PAGE and evadblotting were undertaken
as described in Sections 2.5 to 2.11 to investigdBAMTS-1 and -15 protein

expression in prostate cancer and stromal cells.

4.2 ADAMTS-1, -15 and TIMP-3 mRNA Expression

The PC3 cell line was arbitrarily chosen as theébcatior sample for mRNA relative
expression analyses. ADAMTS-1 expression was dalect all the cell lines (Figure
4.1). Expression was highest in C4-2b4 and PCAF @ild lowest in the U373 and

MDA-GS cell lines.
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ADAMTS-1 mRNA Expression
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Figure 4.1: ADAMTS-1 mRNA expression levels in LRG24-2b4, PCAF, U373 and
MDA-G8 cell lines relative to PC3 plotted on a lsgale. U373 and MDA-G8 are
astrocytoma and breast carcinoma cell lines respelst and were used as positive
controls. Each data point represents an individsample of cDNA (n=4). The

horizontal bars indicate the value of the mediapregsion level for each cell line.

ADAMTS-15 mRNA expression was also detected iritedl cell lines used (Figure 4.2).
Expression was highest in the U373 cell line, anaelst in the C4-2b4 cell line. The
relative expression levels between the prostatdiges was in keeping with findings of
Cross et al (Cross 2005), who detected highestesgmn of ADAMTS-15 mRNA in

PC3 cells, and lower levels in LNCaP and strombs$.ce
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ADAMTS-15 mRNA Expression
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Figure 4.2: ADAMTS-15 mRNA expression levels in &RQC4-2b4, PCAF, U373 and
MDA-GS8 cell lines relative to PC3 plotted on a etple. Each data point represents an
individual sample of cDNA (n=4). The horizontal bandicate the value of the median

expression level for each cell line.

TIMP-3 is the main inhibitor of the ADAMTS proteises in tissue (Hashimoto 2001,
Rodriguez-Manzaneque 2002). Expression levels WIPFB were also analysed (Figure
4.3) to enable comparisons between proteinaserdmitor expression levels. TIMP-3

expression levels were highest in the PCAF and UZill3ines, and lowest in the C4-
2b4 and MDA-GS8 cell lines. The PC3, LNCaP and C4-@lostate cancer cell lines all
expressed low levels of TIMP-3 mRNA compared to FGlls. This is in keeping

with previous reports (Cross 2005) in which prastatromal cells had higher

expression of TIMP-3 than prostate cancer cells.
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TIMP-3 mRNA Expression

5 1000- .
g - -. A'
S 1001 . )
X
Ll
< 10-
: SR
g 14 ': ° °
= ® [ ®
= o :
o 0.1 T : T . . 5
) Q & L & >
o p g ha N o
Q O Vv (@) %) §
S g Q = @V
Cell Line

Figure 4.3: TIMP-3 mRNA expression levels in LNC&R-2b4, PCAF, U373 and
MDA-G8 cell lines relative to the PC3 cell line fikxl on a log scale. Each data point
represents an individual sample of cDNA (n=4). Tleeizontal bars indicate the value

of the median expression level for each cell line.

In summary, the results show that relative to PEIBcThe LNCaP cell line expressed
moderate levels of ADAMTS-1, low levels of ADAMTS Bnd high levels of TIMP-3.
The C4-2b4 cell line expressed high levels of ADABAT, low levels of ADAMTS-15,
and moderate levels of TIMP-3. The PCAF cell linepressed high levels of
ADAMTS-1, low levels of ADAMTS-15 and high leveld @IMP-3. This summary is
based on an arbitrary definition of low expresdieing< 0.3-fold, moderate expression
being 0.4-2.9-fold and high expression bekftfold the expression relative to PC3

cells.
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4.3 ADAMTS-1 and -15 Protein Expression

At the time of this study, no commercially avaikalaintibodies against ADAMTS-1 and
-15 had been validated in the published literatudé. the antibodies that were
commercially available, two antibodies each weredu® probe for ADAMTS-1 and -
15. The anti-ADAMTS-1 rabbit polyclonal antibody svadirected against the C-
terminus while the mouse monoclonal antibody wascatied against the proteolytic
domain. For ADAMTS-15, one antibody was directechiagt a peptide sequence
'HSTNRLTLAVAW' located in the cysteine rich regioffhe other antibody was
directed against the pro-peptide domain. Cell ysadlutions and conditioned culture
medium were prepared from the cell lines (Sectidh 2.7 and 2.8) and used for
western blot experiments.

4.3.1 Probing for ADAMTS-1 in Cell Lysate Prepaosais

Probing for ADAMTS-1 with the C-terminal antibodgteécted multiple bands ranging
from 15-150kDa in size (Figure 4.4). The greateshber of bands was detected in the
C4-2b4 cell line which also had relatively high mRMxpression levels. There was a
single dark band of approximately 23kDa detecteithéenU373 lane. MDA-G8, PC3 and
LNCaP cell lines had bands ranging from 15kDa thDé& C4-2b4 and PCAF lysates
had bands ranging from 15kDa to 150kDa, but thelbavere faint in the lane loaded
with PCAF. Dilution of the antibody solution to 0;11:100 and 1:1000 caused the
intensity of all the bands to be attenuated unifgramd did not identify any bands with

greater affinity for the antibody.
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Probing for ADAMTS-1 using an Antibody Raised Against the
C-terminal Domains
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Figure 4.4: Western blotting of cell lysates usagabbit polyclonal antibody (Abcam,
ab39194) raised against the C-terminus of ADAMT$00ug of cell lysate protein was
loaded in each lane. Multiple bands were detectadging in size from 15kDa to
100kDa. The greatest number of bands was detectdteiC4-2b4 cell line. The image

Is representative of two experiments with simiksuits.

Probing with the catalytic domain antibody detedbadds in PC3, LNCaP and C4-2b4
cell lines ranging from 30-100kDa in size (Figur&)4 The band with the highest
intensity was detected in the C4-2b4 cell line atiz of approximately 70kDa, and
fainter bands at 100kDa and 50kDa. The PC3 ceditéybad bands of 100kDa, 70kDa
and 50kDa, and the LNCaP cell lysate had band®klb& and 50kDa. The U373 and
MDA-G8 samples had faint bands at 50kDa and 30KDsn nanograms of human
recombinant ADAMTS-1 proteolytic domain (Sectiorl@2) was also loaded and a
band of 50kDa was detected, with a fainter bandsiné 75kDa (Figure 4.5). The
product literature for the recombinant ADAMTS-1 f@io had predicted a size of

66kDa on western blot.
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Probing for ADAMTS-1 using an Antibody Raised Against the
Catalytic Domain

kDa

250 kDa

150 250 =—
105kpa—>100 150=—
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37 so— .
37—
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Figure 4.5: Western blotting of cell lysates usagnouse monoclonal antibody (R&D
Systems, MAB2197) raised against the catalytic doroB ADAMTS-1. 10@y of cell

lysate protein was loaded in each lane. Bands vdetected ranging from 30kDa to
100kDa in the PC3, LNCaP and C4-2b4 cell lineshwite most intense band in the
C4-2b4 cell line. 10ng human recombinant ADAMTRRADAMTS-1) was loaded as
a positive control. Bands of size 50kDa and 75kppraximately were detected with
higher intensity in the 50kDa band. The image gesentative of two experiments with

similar results.

Cleavage of full-length ADAMTS-1 yields products @nging in size from 22kDa to
87kDa (Rodriguez-Manzaneque 2000). The first clgavaemoves the propeptide
leaving an 87kDa form with an activated catalytie.sThe 87kDa form is further
cleaved at the spacer region to yield a 65kDa yatdragment and a 22kDa C-terminal
fragment containing the two C-terminal thrombospondmnotifs (Rodriguez-

Manzaneque 2000). This did not fully explain thenter of bands detected using the
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ADAMTS-1 C-terminal antibody (Figure 4.4). The bardktected using the ADAMTS-
1 catalytic domain antibody (Figure 4.5) were manekeeping with the sizes of
expected ADAMTS-1 cleavage fragments. This suggdesitat the catalytic domain
antibody was the more reliable of the two antibsdsad was therefore selected for
further experiments.

4.3.2 Test of Validity of the Anti-ADAMTS-1 AntibodRaised Against the Catalytic

Domain

Western blotting experiments using the mouse mamatlanti-ADAMTS-1 catalytic
domain antibody (R&D Systems, MAB2197) detecteddsam PC3, LNCaP and C4-
2b4 cell lysates (Figure 4.5). The bands were gieeted sizes for ADAMTS-1
fragments. The intensity of the bands was alsotgrahan those detected with the
rabbit polyclonal anti-ADAMTS-1 antibody raised agst the C-terminus (Abcam,
ab39194). Western blotting experiments were pertbtoersalidate the specificity of the
catalytic domain antibody. ADAMTS-1 expression IrC3 cells was transiently
knocked down by electroporation (Section 2.18.1ngiSiRNA specific for ADAMTS-

1 (Section 2.19). At 48 hours post-transfection, AMDTS-1 mMRNA expression in PC3
prostate cancer cells, analysed by real-time RT-RP&&ttions 2.2, 2.3 and 2.4), was

inhibited by 80% (+/- 10%, n=2).

NTCKd ATS1Kd GAPKd
ADAMTS-1 EXpe{'mam 1 0.2 1.2
Relative E ent
Expression xpe2r|m 1 0.1 0.99
GAPDH EXpe{'me”t 1 0.73 0.04
Relative E ent
Expression xpe2r|m 1 0.85 0.1

Table 4.1: Relative expression of ADAMTS-1 and GARDPC3 cells determined by

realtime RT-PCR following knock-down of ADAMTS-tl @APDH.
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At day 5 post-transfection, cells were lysed andtggn samples were prepared as
previously described (Section 2.5.2). Protein esgimn was analyzed by western
blotting (Sections 2.9 and 2.10). Fifty kDa bandsevdetected in all the lanes. Bands
from the cells treated with ADAMTS-1 siRNA (Lane #jgas not attenuated (Figure
4.6). To control for errors in sample loading, thembrane was stripped and then re-
probed with anti-GAPDH antibody. Thirty-four kDarms were detected with equal
intensity in the NTCKd and ADAMTS-1 knock-down lanendicating equal sample
loading in these two lanes. The band was attenwaitbdGAPDH knock-down (Figure
4.6, Lane 6). Similar results were obtained whem eékperiment was repeated using
LNCaP and C4-2b4 cells. ADAMTS-1 knock-down did head to attenuation in the
intensity of the band in the ATS1Kd lane comparedhe NKCKd lane as would be
expected, therefore the mouse monoclonal anti-ADAMTcatalytic domain antibody
(R&D Systems, MAB2197) could not be reliably usedahalyse ADAMTS-1 protein

expression in these cell lines.
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Probing for ADAMTS-1 following siRNA
Knock-Down

105kDa—> 100—

Predicted size for 75—
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Figure 4.6: Test of specificity of the mouse momaoal anti-ADAMTS-1 catalytic
domain antibody (R&D Systems, MAB2197). ADAMTSgtession in PC3 prostate
cancer cells was transiently knocked down and we$ti®tting was performed with the
cell lysates. 100ug protein was loaded per laneepk Lane 2 which was loaded
withlng recombinant human ADAMTS-1 (RhATS1). Lamas3loaded with cell lysate
from non-targeting knock-down cells (NTCKd), Laneas loaded with cell lysate from
ADAMTS-1 knock-down cells, Lane 5 with WT PC3lgsiites and Lane 6 was loaded
with cell lysate from GAPDH knock-down cells. Tper panel is an image of the blot
after probing with the ADAMTS-1 antibody. A 50kDsan® was detected in each lane
(white inset box). The band in Lane 4 (ADAMTS-1ckmipwn) was not attenuated
compared with Lane 3 (control). The lower panehisimage of the same membrane
after it had been stripped and re-probed with @&APDH antibody. 34kDa bands were

detected in Lanes 3 and 4 of equal intensity, shgwhat sample loading was equal in
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the two lanes. GAPDH knockdown led to attenuatioth® band in Lane 6 on the lower

panel. These results are representative of tworaxeats.

4.3.3 Probing for ADAMTS-15 in Cell lysate and Gul Medium

Cell lysate preparations were probed for ADAMTSuEINg an antibody raised against
the cysteine rich domain of ADAMTS-15. This was doby western Dblotting
experiments using cell lysates, and by using sanplerepared from
immunoprecipitation and heparin-agarose precipitatof cell lysates and culture
medium.

4.3.3.1 Probing for ADAMTS-15 in Cell lysates udimg ab28516 Antibody

Cell lysate preparations were probed for ADAMTSds$ described (Section 2.9 and
2.10). An antibody (ab28516) raised against théeays rich domain of ADAMTS-15
(amino acids Sé&f-Val’®) was used. The peptide sequence, ‘HSTNRLTLAVAW’,
used as the immunogen was custom-synthesized kyeBacThis peptide was used to
pre-adsorb the antibody as described (Section 2.16r use as a negative control in
western blot experiments. For all experiments using antibody, corresponding
membranes were probed with non pre-adsorbed amtilsatution and with pre-
adsorbed antibody solution. Western blotting uding antibody produced very low
intensity bands from PC3 and LNCaP cell lysatesnélsa4 and 5) of approximately
25kDa size (Figure 4.7A). This raised the posdibithat ADAMTS-15 was being
expressed in very low concentrations in our catled. Mature ADAMTS-15 is
approximately 100kDa (Cal 2002), and cleavage mtsdof 25kDa have not been

reported, but could be a possible explanationfera5kDa bands.
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A  Probing for ADAMTS-15 using an Antibody Raised
Against the Cysteine-Rich Domain
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Probing for ADAMTS-15 using an Antibody Raised
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Figure 4.7: Detection of ADAMTS-15 using the rakgmtyclonal cysteine-rich domain
antibody (Abcam, ab28516). A, using the non presdmd antibody, and B, using the
pre-adsorbed antibody for primary immuno-probin@Ofig protein each from U373,
MDA-G8, PC3, LNCaP, C4-2b4 and PCAF cell lysateanleaded on respective lanes.

Low intensity bands were detected in A in LanedIBA-G8), 4 (PC3) and 5 (LNCaP)
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at approximately 25kDa (white inset box). The insagee representative of two

separate experiments.

4.3.3.2 Immunoprecipitation and Probing for ADAMI%in Cell Lysates and Culture
Medium using the ab28516 Antibody

Low intensity bands were detected using the ADAMIES-cysteine-rich domain
antibody (Section 4.3.3). This possibly could hdeen as a result of ADAMTS-15
being present in relatively small concentrationstlie lysates being used for the
western-blotting experiments. To increase the detec of ADAMTS-15,
immunoprecipitation of ADAMTS-15 was done as ddsedii in Section 2.7.

Performing western blotting with immunoprecipita@mples, it is expected that bands
at 25kDa and 50kDa will be detected, correspontiinthe immunoglobulin light and
heavy chains respectively. ADAMTS-15 has a predictdative mass of 100kDa (Cal
2002). The antibody was raised against a 12 asesequn the cysteine-rich domain of
ADAMTS-15.

Samples obtained by immunoprecipitation were usedvestern blotting experiments.
One nanogram of anti-ADAMTS-15 antibody was addedlinl of 1mg/ml of cell
lysate protein and immunoprecipitation was undemiaks described in Section 2.7.
Intense staining was detected ranging in size ft@kDa to 60kDa in all the lanes. The
same appearance was seen on the membrane prolethavipre-adsorbed antibody,
which served as a negative control (Figure 4.8yil&r pattern and intensity of staining

was observed reducing the x-ray film exposure firom ten to two seconds.
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Predicted size 7

Probing for ADAMTS-15 after
Immunoprecipitationusing an Antibody
Raised Againstthe Cysteine-RichDomain
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Figure 4.8: Immunoprecipitation and western Dblogtin for ADAMTS-15.

Immunoprecipitation was done on 1ml of 1mg/ml dgHate protein solutions
containing both the cellular and ECM components drisnl of 3-day conditioned
medium from PC3 and LNCaP cells. 1ng of antibody 20yl protein A-agarose bead
slurry was used for immunoprecipitation. Multiplglintensity bands of size 20kD-

50kDa were detected in all the lanes.

This result was unexpected. The fact that bande wetected on the negative control
meant that there was a source of error in the ndethiothe specificity of the antibody.
To find out the source of the error, several cdrérperiments were required.

The protein A beads were washed five times in TB8), beads in 50mls TBS for each
wash. This was done to remove any residual unbqumotein A from the beads.
Western blot experiments were repeated with matifios introduced in a logical

manner to detect the source of the unexpected bands
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Firstly, a western blot was done with two membra¢tégure 4.9). The lysates used
were identical. Membrane 1 was probed with the-ABI(AMTS-15 antibody as the
primary antibody, and the HRP-labelled anti-ralalnitibody as the secondary antibody.
Membrane 2 was incubated with TBST primarily, ahdnt secondary incubation with
the same HRP-labelled anti-rabbit antibody. Thenseé bands seen in Figure 4.8 were
seen again on both membranes, indicating thatdtextion did not require the presence
of the anti-ADAMTS-15 (primary) antibody and theceadary antibody was binding
directly to proteins of size 15-50kDa that weresgrd in relatively large amounts in the
samples (Figure 4.9).

Probing of Membranes to Determine Source of Bands
Detected following Immunoprecipitation

Membrane 1 Memb 9
Primary Incubation: ADAMTS-15 Antibody Pr?n”]‘arr;?r?cubation_ TRST
=sanndaly Incubanon: FIRP-Labsled Swine Anti-Rabiit Secondary Incubation: HRP-Labelled Swine Anti-Rabbit

Antibody Antobody

kDa kDa
25— 25 ==
Lane Lane Lane Lane Lane Lane Lane Lane | Lane Lanei
1 2 3 4 5 1 2 3 4 5
Mol Wtl PC3 PC3 1 LNC LNC Mol Wtl PC3 PC3 | LNC LNC
Marker Cell Med Cell Med Marker Cell Med Cell Med

Figure 4.9: PVDF membranes were probed with eitheii-ADAMTS-15 primary and
HRP-labelled secondary antibodies (Membrane 1), T&ST as primary and HRP-
labelled secondary antibody (Membrane 2). The spateern of multiple bands was
seen as in Figure 4.8. The presence of the bandgesnbrane 2, which had only TBST

for the primary incubation indicated that the HRabélled secondary antibody was
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binding directly to the proteins in the PVDF memiwaand did not require the

presence of the primary antibody.

The membranes were stripped as described (Secti@h @&hd HRP detection done after
incubating for 6 hours in TBST. No bands were detk¢Figure not shown), indicating
that the detection reagents were not contaminated,the bands were as a result of
detection of a protein present in the loaded saspplessibly the antibody used for
immunoprecipitation, or protein A from the beadeeTsecondary antibody was a swine
anti-rabbit IgG antibody, which would have an atirto bind to protein A.

To determine whether the antibody used for immuecipitation was the source of the
bands detected in Figure 4.9, serially diluted-AmAMTS-15 antibody (1ng, 100pg,
10pg and 1pg) was loaded and used for westerningotiThe resulting PVDF
membrane was incubated in HRP-labelled anti-ragdmondary antibody for 1 hour and
HRP detection performed. There were no bands daet€Eigure not shown), indicating
that the immunoprecipitation antibody was not restde for the intense bands
detected on Figures 4.8 and 4.9.

To determine whether the intense bands were corfnarg the immunoprecipitation
beads, a western blot experiment was set up wihrage samples as follows; Laemmli
sample buffer with 2ng anti-ADAMTS-15 antibody, loaenli sample buffer with
protein A-agarose beads, Laemmli sample buffer pititein A-agarose beads that had
been incubated with PC3 cell lysate without any impprecipitation antibody, and
lastly,Laemmli sample buffer after with protein geaamose beads that had been
incubated with PC3 cell lysate and 1ng of anti-ADABA15 antibody. Each of the
samples was heated as described in Section 2.98.sémples were loaded and

electrophoresis and western blotting performedragipusly described (Section 2.9 and
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2.10). A duplicate set of samples was used for rtegative control (pre-adsorbed
antibody). Multiple bands were again seen on bo#mbranes (Figure 4.10, non-pre-
adsorbed and pre-adsorbed). The most intense lpaedch lane was approximately
50kDa. All the lanes with samples that had beeoomtact with the protein A-agarose
beads had the bands, including the sample thasdagle buffer heated with beads that
had not been in contact with cell lysate or antib{igure 4.10 Lane 3 on both blot
images). The lanes with 2ng antibody had no bamdscted (Figure 4.10, Lane 2 on
both blot images). This experiment confirmed that protein A-agarose beads were the
source of the multiple bands seen in the immunagpitaton western blotting
experiments. For this reason, plans further wegibrtting experiments using protein A
iImmunoprecipitation were abandoned.

Determination of Source of Bands Detected Following
Immunoprecipitation

Non-Adsorbed ADAMTS-15

Pre-Adsorbed ADAMTS-15

- Antibody kDa Antibody
a 250 =—
250 =— 150 —
150 = 100 =—
103kDa—> 100 — 75—
Predicted size 75 = 50
50 — —- S
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37 — -
-
- - —_— =
20 — 20
15 — 15
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Mol Wt 2ng IP IP IP Mol Wt 2ng IP P P
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Figure 4.10: Western blot to determine the sourfceamds detected on lysates after

immunoprecipitation. Bands were detected on theting control membrane (probed
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with pre-adsorbed antibody) on the right as weltlas membrane on the left which was
probed with antibody which was not pre-adsorbedy @hADAMTS-15 antibody was
loaded in Lane 2, which was not detected. All #me$ loaded with lysates that had
been in contact with the protein A-agarose beadtraltiple bands detected,

including Lane 3, which was loaded with Leammli genbuffer which contained

protein A beads but contained no lysate protein.

4.3.3.3 Heparin-agarose Precipitation and Probing ADAMTS-15 in Cell lysates and
Culture Medium using the ab28516 Antibody

ADAMTS-1, -4, -5 and -9 are known to bind heparalpbate in the ECM (Kuno 1998;
Somerville 2003; Gao 2004; Zeng 2006). Heparanhswgpand heparin are negatively
charged polysaccharides composed odf-4 linked repeating disaccharide units
containing a uronic acid and an amino sugar that Inearepeated to form a structure of
varying lengths (Powell 2004). Heparan sulphatpresent on cell surfaces and in the
ECM where it is covalently bound to several coret@ns to form heparan sulphate
proteoglycans (Bernfield 1999).

Cell lysates containing the cellular and ECM congds from PC3, LNCaP, C4-2b4
prostate cancer cell lines and PCAF stromal celisewncubated with heparin-agarose
beads to concentrate ADAMTS-15 from the lysate temhs for detection by western
blotting. One millilitre of 2mg/ml lysate solutiomas incubated with 30ul of 50% (v/v)
heparin-agarose bead slurry as described in Se&iBn The anti-ADAMTS-15
antibody raised against the cysteine-rich domais ugd for primary incubation.
Western blotting experiments did not detect anydsan the samples prepared from the

cell lysates from PC3, LNCaP, C4-2b4 and PCAF ¢é€ligure not shown).
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Medium from PC3 and LNCaP cells was also incubatikd heparin-agarose beads to
determine whether ADAMTS-15 protein was released the medium and could be
precipitated and detected by western blotting. Tahilitres of 3-day conditioned
medium from confluent PC3 and LNCaP cells was uUsedncubation with heparin-
agarose beads as described in Section 2.8. No bardetected in any of the lanes.
4.3.3.4 Probing for ADAMTS-15 in Cell lysates udimg ab45047 Antibody

Western blotting experiments were performed on belhte samples as previously
described in Sections 2.9, 2.10 and 2.11. Proteamufication was done using the BCA
method as described in Section 2.6. Probing with anti-ADAMTS-15 antibody
(ab45047), raised against the propeptide domakDHAMTS-15, bands of 50kDa were
detected in the lanes with MDA-G8, PC3, LNCaP add264 cell lysate (Figure 4.11).
The 50kDa band was most intense in the lane load#dC4-2b4 lysate. Lanes with
U373 and PCAF cell lysates produced no bands.

Probing for ADAMTS-15 using an Antibody Raised Against
the Propeptide Domain

L
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Figure 4.11: Western blotting for ADAMTS-15 protempression using a rabbit

polyclonal propeptide domain antibody (Abcam ab45040Q.g of cell lysate protein
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was loaded in each lane. 50kDa bands were detentédle MDA-G8, PC3, LNCaP
and C4-2b4 cell lines, with the most intense bamsirgg from the lane with the C4-2b4

lysate.

4.3.5 Validation of the Anti-ADAMTS-15 Antibody Rsed Against the Propeptide

Domain

Western blotting experiments using the rabbit plolyal propeptide domain antibody
(Abcam ab45047) detected a 50kDa band in MDA-G83,A@CaP and C4-2b4 cell
lysate (Figure 4.11). To validate the specificitly this antibody to ADAMTS-15,
expression of ADAMTS-15 in C4-2b4 cells was tranflie knocked down by
transfecting the cells with siRNA specific for ADANB-15 (Section 2.19) using
Dharmafect 2 transfection reagent (Section 2.18.3AP 48 hours post-transfection,
ADAMTS-15 mRNA expression in C4-2b4 prostate cargmdls, analysed by real-time
RT-PCR (Sections 2.2, 2.3 and 2.4), was inhibitgdB0% (+/- 10%, n=3). At day 5
post-transfection, cells were lysed and protein damwere prepared as previously
described (Section 2.5.2). Protein expression wad/aed by western blotting (Section
2.9 and 2.10). Fifty kDa bands were detected ithalllanes but the band was attenuated
in the cells treated with ADAMTS-15 siRNA (Figurel2). Densitometric analysis of
the 50kDa band showed that its expression was latbdkwn by over 80%. To control
for errors in sample loading, the membrane wapstd and then re-probed with anti-
GAPDH antibody. Thirty-four kDa bands were detecteth equal intensity in the non-
targeting knock-down control (NTCkd) and ADAMTS-I&$ock-down (ATS15kd)
lanes (Figure 4.12), indicating equal sample logdmthese two lanes. The band was

absent in the GAPDH knock-down (GAPkd) lane. Theéecd®on of down-regulated
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expression of the 50kDa band by the antibody ina#lés treated with siRNA to the

ADAMTS15ene verified the specificity of the ab45047 andjpo

Probing for ADAMTS-15 following siRNA

Knock-Down
kDa
50— o i —--a» ADAMTS-15
37 =— Expression
50 =—
GAPDH
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Lane 5
Mol Wt
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Lane 1 | Lane 2] Lane 3 | Lane 4
C4-2b4 | C-42b4] C4-2b4 | C4-2b4
WT

NTCKdAIATS15Kdl GAPKd

Figure 4.12: Validation of the specificity of thabbit polyclonal anti-ADAMTS-15
antibody (Abcam ab45047). ADAMTS-15 expression4r2l6A prostate cancer cells
was transiently knocked down. Western blotting pagormed with the cell lysates.
100ug protein was loaded per lane. Lane 1 had yeaté from wild-type C4-2b4 cells
(Gerhardt), Lane 2 had the lysate from non-targgtkmock-down cells (NTCkd), Lane
3 was from ADAMTS-15 knock-down cells (ATS15kd)Lame 4 from GAPDH knock-
down cells (GAPkd). The upper panel is an imagaeblot after probing with the anti-
ADAMTS-15 antibody. A 50kDa band was detected ah éane. The band in Lane 3
was attenuated compared with Lane 2, in keepingg WiDAMTS-15 knock-down in
Lane 3. The lower panel is an image of the sameblraara after it had been stripped

and re-probed with anti-GAPDH antibody. Lane 4 iteauated. Bands in Lanes 2 and
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3 are of similar intensity, signifying equal sampleading. These results are

representative of two experiments.

4.3.6 Heparin-agarose Precipitation and ProbingAAMTS-15 in Cell lysates and

Culture Medium using the ab45047 Antibody

Western blotting experiments using samples prep@aoad heparin-agarose experiments
in Section 4.3.3.3 did not detect any bands wherPMDF membrane was probed with
the ab28516 antibody. The ab45047 antibody detdededls when used to probe for
ADAMTS-15 in cell lysates, and these bands werewshto be attenuated when
ADAMTS-15 was knocked down (Section 4.3.5), theretlidating the specificity of
the ab45047. To determine whether ADAMTS-15 cowddibtected following heparin-
agarose precipitation, the experiment in Secti@343 was repeated using the ab45047
antibody for immunodetection. Cell lysates contagnithe cellular and ECM
components from PC3, LNCaP, C4-2b4 prostate cacekérdines and PCAF stromal
cells were incubated with heparin-agarose beadencentrate ADAMTS-15 from the
lysate solutions for detection by western blotti@ne millilitre of 2mg/ml lysate
solution was incubated with 30ul of 50% (v/v) hepargarose bead slurry as described
in Section 2.8. Western blotting experiments did detect any bands in the samples
prepared from the cell lysates from PC3, LNCaP,264-and PCAF cells (Figure not

shown)

4.4 Fluorescence Immunocytochemistry for Detectioof ADAMTS-15 Expression
in PC3 Prostate Cancer Cells
ADAMTS-15 expression was transiently knocked dowfPC3 cells by electroporation

(Section 2.18.1) using SiRNA specific for ADAMTS-15ection 2.19). At 48 hours
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post-transfection, ADAMTS-15 mRNA expression, asaly by real-time RT-PCR
(Sections 2.2, 2.3 and 2.4), was inhibited by 90% (0%, n=3). At day 5 post-
transfection, fluorescence immunocytochemistry waed to detect ADAMTS-15
expression in PC3 cells as described in Sectiod. ZThe rabbit polyclonal anti-
ADAMTS-15 antibody (Abcam ab45047) was used as ghenary antibody. This
antibody was raised against the propeptide dom&nABAMTS-15. Secondary
antibody incubation was done using Alexa Fluor §64t anti-rabbit fluorescent tagged
antibody, which has a fluorescence emission maximain617nm (red). GAPDH
expression was also knocked down in a separatefseC3 cells and fluorescence
immunocytochemistry done using the same protocbe Tfuclei of the cells were
counter-stained with DAPI (4, 6-diamidino-2-pheimglole). DAPI has a fluorescence
emission maximum of 461nm (blue) when bound to tkesbranded DNA (Manzini
1983; Kapuscinski 1995). Fluorescence was compagtsdeen ADAMTS knock-down
cells and non-targeting knock-down controls. Imagese acquired with a Leica DMI
4000B microscope using LAS AF version 1.6.3 softwar

ADAMTS-15 expression was detected in the non-tamgetnock-down (NTCkd) cells
(Figure 4.13) but not in the ADAMTS-15 knock-dowATS15kd) cells (Figure 4.14).
As expected the nuclei emitted blue fluorescence ttuthe DAPI stain. The red
fluorescence signal detected was very weak, andhowit staining of the cell
membranes, detailed localisation of ADAMTS-15 waspossible. However,

the areas of red fluorescence relative to the iposaf the nuclei suggests the staining

was in the cytoplasm.
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Figure 4.13: Fluorescence immunocytochemistry fagtedtion of ADAMTS-15
expression. Non-targeting knock-down PC3 cells wewdured in monolayer in
chamber slides. At day 5 post-transfection, fluoeese immunocytochemistry was
undertaken. Rabbit anti-ADAMTS-15 antibody (Abcamd5947) raised against the
propeptide domain was the primary antibody. Secondmtibody incubation was
performed using Alexa Fluor 594-tagged goat anbbi antibody, which emits red
fluorescence. The nuclei of the cells were coustignred with DAPI. Weak red

fluorescence signal (ADAMTS-15) was detected (Al Tuclei emitted a blue
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fluorescence signal (B). The composite image (Qyssted that the red signal was in

the cytoplasm (white arrows).
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Figure 4.14: Fluorescence immunocytochemistry prgfor ADAMTS-15 in ADAMTS-

15 knock-down cells. ADAMTS-15 mRNA expressiorkn@sked down by 90% in PC3
cells using siRNA. The cells were cultured in mayel in chamber slides. At day 5
post-transfection, fluorescence immunocytochemigt@g performed using the same
methodology as for Figure 4.13. No fluorescenceaigvas detected in (A). The nuclei

emitted a blue fluorescence signal (B). The comgasiage is shown in (C). Bar at

154



bottom left of each image denotes 100um. The redpfeearing in image A and also in
C (red arrows) is an artefact, as it did not chamesition when the field of view was

changed.

Immunodetection of GAPDH showed that there wasfheokrescence emitted by the
non-targeting knock-down (NTCkd) cells (Figure 4.b&it no red fluorescence emitted
by the GAPDH knock-down (GAPkd) cells (Figure 4.1BAPI staining emitted blue
fluorescence from the nuclei. The red fluorescesigaal was weak, but the staining
appeared to be outside the nucleus, in keeping thdhrole of GAPDH in glycolysis

(Mazzola 2003).
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Figure 4.15: Fluorescence immunocytochemistry fetedtion of GAPDH expression.
Non-targeting knock-down PC3 cells were culturednionolayer in chamber slides. At
day 5 post-transfection, fluorescence immunocytodstey was performed using the
same methodology as for Figure 4.13, except rabbtt-GAPDH antibody (Abcam

ab9485) was used for primary immunodetection. Weak fluorescence signal was
detected (A). The nuclei emitted a blue fluoreseesignal (B). The composite image

(C) suggested that the red signal was outside tleens (white arrows). The red dot
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appearing in image A and also in C (green arroway\an artefact, as it did not change

position when the field of view was changed.

4

100 pm 100 pm ¢

Figure 4.16: Fluorescence immunocytochemistry prgbfor GAPDH in GAPDH

knock-down cells. GAPDH mRNA expression was knod&eah by 99% in PC3 cells
using siRNA. The cells were cultured in monolayechamber slides. At day 5 post-
transfection, fluorescence immunocytochemistry wp&sformed using the same

methodology as for Figure 4.13, except rabbit &wWPDH antibody (Abcam ab9485)
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was used for primary immunodetection. No fluoreseesignal was detected in (A). The

nuclei emitted a blue fluorescence signal (B). dtvmposite image is shown in (C).

4.5 Discussion

This chapter reports the results of experiment$yaimg the expression of ADAMTS-1
and -15 in prostate cancer and stromal cells usagtime RT-PCR, western blotting
and fluorescence immunocytochemistry.

Real-time RT-PCR was used to analyse ADAMTS-1 arld® -expression at
transcriptional level in PC3, LNCaP, C4-2b4 and FQx®lls (Section 4.2). Expression
levels of TIMP-3, the main inhibitor of the metalloteinases, was also analysed. For
comparison, expression in U373 (astrocytoma) andAME3 (breast cancer) cells were
analysed because these cells have been reportexbtess ADAMTS-1 (Dr Martin
Reid, pers commun) and ADAMTS-15 (Dr Julia Woodwanders commun)
respectively. The relative expression method wasluwith PC3 cells acting as the
calibrator sample in each experiment, ie expreskuals were calculated relative to
expression in PC3 cells.

The mRNA expression analyses showed variabilityexjppression in some cell lines
between experiments, for example ADAMTS-1 exprasgioLNCaP cells (Figure 4.1)
and TIMP-3 expression in C4-2b4 cells (Figure 4\3ariability in ADAMTS and
TIMP gene expression in cell lines between expearnisi@as been previously reported
(Giricz 2010; Stokes 2010), with variability of up 1000-fold. This could partly be
explained by the existence of sub-clones within log¢ populations. PC3 and LNCaP
cell lines are reported to have sub-clones (Festu2800; Wan 2003). This is also
supported by findings in this study (Section 6.2vRjch showed that sub-clones of the

PC3 cell line had varied expression of ADAMTS-1isTimitation has to be taken into
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account when interpreting mRNA expression data faah lines especially with low
experiment numbers.

The results show that in relative terms, the LNCaP line expressed moderate levels
of ADAMTS-1, low levels of ADAMTS-15 and high lewvelof TIMP-3. The C4-2b4
cell line expressed high levels of ADAMTS-1, lowvéds of ADAMTS-15, and
moderate levels of TIMP-3. The PCAF cell line exgsedd high levels of ADAMTS-1,
low levels of ADAMTS-15 and high levels of TIMP-3his is based on an arbitrary
definition of low expression being 0.3 fold, moderate expression being 0.4-2.9 fold
and high expression beia@ fold relative to expression in PC3 cells.

The data showed that there were high expressiaislef TIMP-3 in the LNCaP and
PCAF cells, indicating that TIMP-3 activity may battenuating the action of
metalloproteinases in these cells. The high expmedsvels of TIMP-3 in PCAF cells
also suggests that stromal cells adjacent to caretlr may be modulating the activity
of cancer cells by secreting a proteinase inhibititw the TME. Several reports have
reported that interactions between cancer and sirooells can alter tumour
characteristics (Chung 2005; Thalmann 2010).

It would have been ideal to analyse expressiongusarmal epithelial prostate cells as
the calibrator samples but at the time of theseeexent, no normal epithelial cells
were available in our laboratory. The PNT1 and PNih-tumourigenic prostatic
epithelial cell lines were immortalised using th&48 transfection vector (Berthon
1995), which is reported to up-regulate ADAMTS-Ipesssion in human transformed
ovarian granulosa cells compared with non-transéorngranulosa cells (Freimann
2005). As a result of this, the PNT1 and PNT2 ledls were not considered to be true

‘normal’ prostatic epithelial cell lines for the qmose of this study.
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The mRNA expression data confirmed that ADAMTS-15 -and TIMP-3 were
expressed in prostate cancer and stromal cell asoveviously reported by Cross et al
(Cross 2005), with similar expression patternsaiet expression levels of ADAMTS-
1 and -15 in PC3, LNCaP and PCAF stromal cells sa@iwnilar pattern with the work
of Cross et al. However, Cross et al found undabtetlevels of TIMP-3 in PC3,
whereas data from my experiments showed that TIMRZession was detected and
was approximately 3-fold higher in LNCaP cells camgul to PC3 cells. The Ct values
(the cycle number during the PCR reaction at wiflishrescence level generated by the
amplification of the gene of interest exceeds thekiground fluorescence) for TIMP-3
in PC3 cells usually ranged from 32-35, compareth vili6-18 for GAPDH. This
indicates very low transcript levels of TIMP-3. xgEession of TIMP-3 in BPH stromal
cells reported by Cross et al was approximatelyfb@Drelative to LNCaP cells. In my
experiments, TIMP-3 expression was also 100 foldP@AF stromal cells relative to
LNCaP. The data are not directly comparable becaltisiee fact that transcript levels
have been analysed using the relative expressidhoehebut the pattern of mRNA
expression is similar for the two studies.

Semi-quantitative analysis of ADAMTS-1 and -15 bgstern blotting was challenging
for a number of reasons. The main reason was thidteatime of these experiments,
there were no commercially available antibodiesresjgADAMTS-1 and -15 that had
been validated in published reports (to my know&gdéntibodies are useful tools for
laboratory research, but the lack of specificitycoimmercially available antibodies
continues to be a source of concern (Bordeaux 201® utility of two anti-ADAMTS-

1 and two anti-ADAMTS-15 antibodies were evaluated.

The first anti-ADAMTS-1 antibody (Abcam, ab39194)asvraised against the C-

terminal domains of ADAMTS-1. The product literagudid not indicate specifically the
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size or sequence of the antigen used for antibogthssis. The western blot
experiments which were perfomed using this antibo@yected multiple bands of
varying sizes (Figure 4.4). This image was difficial evaluate. It is possible that the
antibody was reacting non-specifically to othertpms in the lysate. However it is
known that fragments of 87kDa, 65kDa and 22kDasaguentially cleaved from full
length ADAMTS-1 (Rodriguez-Manzaneque 2000), and jppossible that the multiple
bands detected were C-terminal fragments of variemgths. Alternatively, the cells
could have been producing splice-variants of ADAMI Salthough this has not been
reported previously. Because of the multiplicityb@nds detected, it would have been
difficult to assess the effect of ADAMTS-1 knockwvdo in subsequent experiments
using this antibody. The second anti-ADAMTS-1 hatly (R&D Systems, MAB2197)
used was raised against the catalytic domain (aracids Arg>® — Ph&*). This
antibody detected bands of size 75kDa-100kDa (Eigus). This variation in size could
be as a result of splice variants of ADAMTS-1 orspwanslational processing
(Rodriguez-Manzaneque 2000) as mentioned earliglid&tion of this antibody using
ADAMTS-1 knock-down cells showed that mRNA knockadodid not attenuate the
intensity of the bands on western-blots (Figure.4r@portantly, the bands detected in
Figure 4.6 were of 50kDa size. No bands of 75kDd.@ kDa were detected in the
lanes with PC3 cell lysate blots but were preserthe lane with recombinant human
ADAMTS-1. Again, this could be as a result of ptisinslational processing of full-
length ADAMTS-1 from 105kDa to smaller fragments5®kDa, but could also be due
to non-specific antibody binding to another proteibOkDa.

Western blotting for detection of ADAMTS-15 was @owith two antibodies. The first
antibody (Abcam, ab28516) was raised against a ideeptsequence

'HSTNRLTLAVAW', corresponding to Hi$?— Trp** in the cysteine-rich domain. This
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antibody detected faint bands of 25kDa in PC3 amiCaP cells (Figure 4.7).
Immunoprecipitation was used in an attempt to iaseethe concentration of ADAMTS-
15 protein in the samples. This created a problecalise multiple high intensity bands
were detected of size ranging from 15kDa to 50kBigure 4.8). A number of control
experiments were perfomed to detect the sourceeobainds. The results showed that
the protein A-agarose beads were the source girtitein being detected. Protein A has
a mass of 40-60kDa and binds strongly to IgGdimark 1983). The unknown protein
was binding directly with the HRP-labelled IgG sedary antibody (Figure 4.9,
Membrane 2). Immunoprecipitation had to be abanddrexause the dark bands were
attributed to release of protein A from the agarbsads into solution, which was
contaminating the immunoprecipitation samples. Bfisuld not have occurred, as the
product information sheet stated that the protemas covalently bound to the agarose
via covalent bonds. However, this process must Haeen incomplete, with non-
specifically adsorbed protein A being releasechim detergent-containing buffers used
for this experiment

Heparin-agarose precipitation was also undertakeaniother attempt to concentrate
ADAMTS-15 and enable detection with the ab2851@baaty. Immobilised heparin has
been used to separate heparin-binding proteins Bolution (Manaskova 2002) and
ADAMTS-1, -4, -5 and -9 are known to bind hepanmddeparan sulphate (Kuno 1998;
Somerville 2003; Gao 2004; Zeng 2006). In the wedbdot experiments using heparin-
agarose precipitation to prepare the samples, simdi bands were detected. This could
possibly be because other heparin-binding proteiaee more abundant in the cell
lysates and had higher binding affinity to hepahan ADAMTS-15. For examplg-
microseminoprotein and spermadhesins have beentedpo have the greatest affinity

for heparin of the heparin-binding proteins in pats tissue (Manaskova 2002).
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Alternatively, ADAMTS-15 may have been undetectetduse the ab28516 antibody
was not binding to ADAMTS-15 with high enough affyn No control experiments
were perfomed to identify the reason for the absesicbands, and the use of this
antibody was discontinued in further experiments.

The second anti-ADAMTS-15 antibody used (ab450479s waised against the
propeptide domain of ADAMTS-15. This antibody déeekc50kDa bands on western
blots (Figure 4.11). ADAMTS-15 knock-down using BIR led to attenuation of the
intensity of the 50kDa band (Figure 4.12), indiegtthat this antibody was specifically
binging to ADAMTS-15. The full length ADAMTS-15 (etuding the signal peptide) is
predicted to be a 103kDa protein (Cal 2002). Trapeptide domain, GIf— Arg**?is
approximately 21kDa. A 50kDa band suggests that MJ&-15 was processed post-
translationally, with cleavage yielding a 50kDa meptide-containing fragment.
Alternatively, the cells in the experiments werg@messing a 50kDa splice variant of
ADAMTS-15. Another possibility is that the 21kDaopeptide could have been
dimerised or glycosylated, with a resulting mass 560kDa. Splice variants and
dimerisation of ADAMTS-15 have not been describesvmusly, but the ADAMTS-15
propeptide has a potential glycosylation site Yt (N-A-S).

With the validation of the ab45047 antibody, hepagarose precipitation was repeated
and western blotting performed using this antiboNy. bands were detected. This
suggests that if ADAMTS-15, like some of the otR&AMTSs, is a heparin-binding
protein, there were other proteins in the celltgsdhat had stronger binding affinity for
heparin than ADAMTS-15. Another possibility is thitae C-terminal heparin-binding
domains have been cleaved off and were precipitayetthe heparin-agarose beads but
not detected by the propeptide domain antibody,ciwhwould be in keeping with

reports showing that ADAMTSs bind to heparan suiphand heparin via the TSP
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domains at the C-terminal (Kuno 1998; Somervilled20Gao 2004; Zeng 2006).
TIMP-3 protein expression was not analysed in $higly. Validation of commercially
available TIMP-3 antibodies was the subject of etdi@te study by another member of
this research group, Miss Olajumoke Adeniji. Hdodfwas therefore not duplicated.
The ab45047 antibody was used in fluorescence imgyiachemistry to probe
expression of ADAMTS-15 in ADAMTS-15 knock-down ambn-targeting knock-
down control cells. ADAMTS-15 expression was detdcin the non-targeting knock-
down cells but not the ADAMTS-15 knock-down cellSgures 4.13 and 4.14). This
provided further evidence of the validity of the1&8b47 antibody.

In conclusion, this chapter describes experimestegs taken to validate antibodies for
use in expression studies of ADAMTS-1 and -15. INaitof the two anti-ADAMTS-1
antibodies was found to be reliable in analysiADIAMTS-1 expression, one of the
anti-ADAMTS-15 antibodies was validated and thidilasdy was used in further

experiments requiring analysis of ADAMTS-15 protekpression.
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CHAPTER 5

REGULATION OF ADAMTS-1, -15 AND
TIMP-3 EXPRESSION IN PROSTATE CELLS
BY DIHYDROTESTESTOSTERONE &
TUMOUR NECROSIS FACTOR
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CHAPTER 5:

REGULATION OF ADAMTS-1 AND -15 mRNA EXPRESSION IN P ROSTATE
CELLS BY DHT AND TNF

5.1 Introduction

Prostate epithelial cells depend on androgens folifgration and differential gene
expression (Sandberg 1980). Growth and prolifemaiso mediated by growth factors
which are secreted in response to androgen stionlébteiner 1993; Hellawell 2002).
Testosterone from the circulation is convertedhim prostate by &-reductase to DHT,
the androgen which is most active in prostate égSteers 2001; Zhu 2003). ADT in
the form of surgical or medical castration is usaedthe management of locally
advanced, metastatic, or relapsing disease. Andrdgerivation leads to reduction in
the size of local tumours, and the size and nurobenetastatic deposits, as well as
changes in gene expression (Huggins 1942; Nish6Y19DT reduces serum androgen
concentration from about 2nM to undetectable leyeés Jong 1991; Anderson 2008),
which has an adverse effect on castration-sengtiostate cancer cell survival.
ADAMTS-1 mRNA has been shown to be up-regulatedby in endometrial stromal
cells after 24 hour treatments (Wen 2008). vitro, LNCaP cell proliferation is
maximally stimulated by DHT at concentrations betwel and 10nM (Horoszewicz
1983; Lin 1998; Sherwood 1998; Zhu 2003). The diggmn constant of the androgen
receptor with DHT in prostate is 0.34nM at 0°C gnd7.5, and by extrapolation
approximately 0.15nM at 37°C (Wilson 1976).

LNCaP cells were treated with DHT to analyse thHeatfof DHT on ADAMTS-1 and -
15 expression as described in Section 2.15. Tordtreerange between castrate levels
and maximal DHT stimulation, treatment doses of @.0 and 10nM DHT were used
and compared with the control cells which had noTDRIlutamide is a non-steroidal

anti-androgen (Peets 1974). The inhibitory constaintflutamide is approximately
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175nM at 4°C and pH7.5 (Kemppainen 1999). Prostateer cells have been reported
to carry mutations of the AR, which are thought fazilitate the progression to
metastasis and castration resistance (Taplin 199&)-steroidal anti-androgens have
been shown to paradoxically have agonistic activitNCaP cells and derivative cell
lines as a result of AR mutations (Veldscholte 1900lig 1999). To determine the
effect of an excess of flutamide, LNCaP cells weds® treated with 1uM flutamide, or
10nM DHT + 1uM flutamide. PSA expression was used positive control.

Patients with advanced prostate cancer are reptotéhve elevated serum levels of
TNF (Michalaki 2004). As macrophages infiltrate themour site, they release
cytokines locally as part of the inflammatory reactto the presence of the tumour
(Coussens 2002). This could explain the elevatedideof TNF and IL-6 in patients
with advanced prostate cancer (Michalaki 2004)thiat study, serum TNF and IL-6
levels were as high as 6.3 and 9.3 pg/ml respédgtingatients with metastatic disease,
compared with TNF and IL-6 serum levels of 1.1 ar®lpg/ml respectively in patients
with localised disease. TNF concentrations may behvhigher locally at the tumour
site. In patients with rheumatoid arthritis (RANF levels are approximately five times
higher in synovial fluid than in serum (Steiner @D9TNF levels in synovial fluid, the
local site of inflammation in RA range from 39 —23@/ml (Lettesjo 1998; Steiner
1999). ADAMTS-1, -4, -5, -6 and -9 are reportecbregulated by pro-inflammatory
cytokines (Bevitt 2003; Demircan 2005; Ng 2006). Frfkhduces cancer cachexia
(Tracey 1992), an activity that is mediated by TigEeptor type | (TNFR1) activation
(Llovera 1998). ADAMTS-1 is highly expressed in somachexia-inducing tumours
(Kuno 1997). TNF and other cytokines could have edfect on prostate cancer
progression by modulating the expression of ECMtginases, and altering the

homeostatic balance between proteinases and thieirah inhibitors.
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To cover the range of TNF concentrations detecateserum and tissue in physiological
and pathological states, PC3, LNCaP and BPHA45 gtrositromal cells were treated
with TNF at concentrations of 10pg/ml (0.571pM),0p@/ml (5.71pM), 10ng/ml

(571pM) or control (solvent only) as described iactton 2.17. The dissociation
constant of TNF with TNFR1 and TNFR2 is 19pM an@@i respectively at 37° and

pH7.5 (Grell 1998).

5.2 Regulation of PSA, ADAMTS-1, ADAMTS-15 and TIMR3 mRNA expression
by DHT and Flutamide

The effect of DHT and flutamide on PSA, ADAMTS-1dari5 mRNA expression was
analysed. Changes in expression of the metalldpaste inhibitor, TIMP-3, was also
analysed.

5.2.1 Requlation of PSA Expression by DHT

PSA mRNA expression in LNCaP cells was up regulatedn the cells were treated
with increasing concentrations of DHT (Figure 5Mith median up-regulation of 1.5,
6.9 and 16-fold when treated with 0.1, 1.0 and 10DMT respectively. There was
significant variance in the medians using the KalisWallis test (p = 0.0076). Using
Dunn’s multiple comparison test, there was a sigaift difference in PSA mRNA
expression between control and 10nM DHT treatmex®.01), but not DHT 0.1nM or
DHT 1nM treatment (p>0.05). Flutamide 1uM treatmehtl not regulate PSA
expression compared with control (p>0.05), whichgasts that flutamide did not have
AR agonist activity at 1uM. Comparing DHT 10nM tmant and DHT 10nM +
Flutamide 1pM treatment showed no significant défee (p>0.05), indicating that

Flutamide did not inhibit the effect of DHT 10nMigere 5.1).
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Figure 5.1: Relative expression of PSA mRNA in LRCalls treated with DHT and the
non-steroidal androgen antagonist flutamide. Cellsre treated for 24 hours with the
specified doses of DHT or flutamide, lysed and cDI& synthesized for analysis by
real-time RT-PCR. Each data point represents anviddal sample of cDNA. The
horizontal bars denote the median expression Ideel each treatment group.
Expression levels in treated cells shown as folangles relative to controls. Results
were collated from 4 separate experiments (n=4mshg the expression level of PSA
MRNA in the treated cells relative to expressionuirireated cells (control).The
Kruskall-Wallis test for variance of the mediansdldbunn’s multi-comparison test was
used to analyse for differences between the graAgisrisks at the top denote treatment
groups in which difference in expression levelsatreé to control were statistically

significant (**=p<0.01).
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5.2.2 Requlation of ADAMTS-1 mRNA Expression by DHT

DHT treatment did not significantly regulate exmies of ADAMTS-1 mRNA at any
of the concentrations used (Figure 5.2). The Krlidkallis test demonstrated that the
medians had no significant variance (p = 0.2172hns multiple comparison test was
used to analyze differences in rank sum betweeh &aatment group and control.
ADAMTS-1 mRNA expression was not significantly réaped with any of the

treatments used.
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Figure 5.2: Expression of ADAMTS-1 mRNA in LNCals deeated with DHT and the
non-steroidal androgen antagonist flutamide. Expemtal conditions were the same as
described in Figure 5.1. Results were collated frbfnseparate experiments (n=15)
showing the expression level of ADAMTS-1 mRNA énttbated cells relative to

expression in untreated cells (control). The KruksWéallis test for variance of the
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medians and Dunn’s multi-comparison test were usednalyse for differences in

expression between the groups.

5.2.3 Requlation of ADAMTS-15 mRNA and Protein Egggion by DHT

DHT treatment down-regulated the expression of ADFWVL5 mRNA by 40% and by
70% with treatments of 0.1nM and 1nM DHT respedyiEigure 5.3). The Kruskall-
Wallis test demonstrated that the medians had rfisgntly different variance (p =
0.0022). Dunn’s multiple comparison test was usedralyze differences in rank sum
between each treatment group and control. ADAMTSABNA expression was
significantly down-regulated with treatments of ML DHT (p<0.05), 1nM DHT (p
<0.001), 1pM flutamide (p<0.01) and 10nM DHT witluM flutamide (p<0.05).
Comparing the 10nM DHT treatment group with the NIODHT plus 1M flutamide
treatment group showed no significant differencAPAMTS-15 expression. Grubb’s
test was applied to the 10nM DHT treatment groumémtify and remove an outlying
sample, after which the difference in the medianAMIS-15 mRNA expression

between control and the 10nM DHT group was sigaiftqp<0.05).
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Figure 5.3: Expression of ADAMTS-15 mRNA in LNCalsdreated with DHT and
the non-steroidal androgen antagonist flutamidepéknental conditions were the
same as described in Figure 5.1. Results collatech fL1 separate experiments (n=11)
showing the expression level of ADAMTS-15 mRNAéntteated cells relative to
expression in untreated cells (control). The KrusWéallis test for variance of the
medians and Dunn’s multi-comparison test were usedanalyse for differences
between the groups. Asterisks were used to démsatiznent groups in which difference
in expression levels relative to control were istatally significant (p<0.05 *, p<0.01

** | 0<0.001%+*).

To analyze the effect of DHT stimulation on ADAMTS- protein expression, LNCaP
cells were treated with DHT with and without fluta® for 72 hours as described in
Section 2.15. Western blotting was done using B#5@47 anti-ADAMTS-15 antibody

which was validated previously (Section 4.3.5).k58 bands were detected in all the
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lanes (Figure 5.4). To determine if there wereedldhces in intensity of the bands, they
were analyzed by densitometry as described prelyig8ection 2.13). In keeping with
the mRNA data, ADAMTS-15 protein was down-regulated DHT. Densitometric
analysis showed that down-regulation by DHT waa nmhose-dependent manner (Table
5.1). This effect was not inhibited by flutamide. fact, as had been observed at the
MRNA level, treatment with flutamide treatment aasso caused down-regulation of
ADAMTS-15 protein.

Regulation of ADAMTS-15 Expression by DHT

, ADAMTS-15
& - ;* Expression

GAPDH
<oz e R QR Expression

Lane1 Lane 2 | Lane 3 JLane 4] Lane 5 JLane 6 | Lane 7

MolWt Control DHT DHT DHT Flut DHT

Marker 0.1nM | 1nM | 10nM | 1uM 10nM
+
Flut
1uM

Figure 5.4: Expression of ADAMTS-15 protein in LA&RCcells treated with DHT.

Western blotting was used to detect ADAMTS-15 egfme in LNCaP cells treated for
72hours with control, 0.1nM DHT, 1nM DHT, 10nM DHIyM flutamide and 10nM

DHT plus flutamide. Cellular protein and surroundi ECM were solubilised with
Triton X-100 and protein was quantified with thecdBCA assay. 100ug of protein
was loaded in each lane. Bands of 50kDa were dede@/pper Panel). The PVDF
membrane was stripped and re-probed with anti-GAFdtbody (Lower Panel) as a
control for equal sample loading. The experimenefresentative of two, with similar

results.
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Lane 1 Lane 2 Lane 3 Lane 4 Lane § Lane 6
Control DHT DHT DHT Flutamide | DHT10nM +
0.1nM 1nM 10nM 1uM Flutamide
1uM
Adjusted
Densitometric 0.2025 0.1238 0.0905 0.0483 0.0659 0.055
Experiment Volume (ODmm 2)
1 Adjusted
volume relative 1 0.6 0.4 0.2 0.3 0.3
to control
Adjusted
Densitometric 0.2038 0.2231 0.0217 0.0022 0.05 0.0093
Experiment Volume (ODmm 2)
2 Adjusted
volume relative 1 11 0.1 0.01 0.2 0.05
to control

Table 5.1: Densitometric analysis of 50kDa bandgded on western blots. The bands
detected in each lane were analysed by densitonfietrgifferences in intensity. The
adjusted volume of the bands were quantified amdpemed with control. Results from
two separate experiments are shown, the westernfttoone of which is shown in

Figure 5.4.

5.2.4 Requlation of TIMP-3 mRNA Expression by DHT

There was a dose dependent down-regulation of TSMRRNA expression by DHT
which was not reversed with flutamide (Figure 5.9he Kruskall-Wallis test
demonstrated that the medians had a significaiffigrent variance (p<0.0001). Dunn’s
multiple comparison test was used to analyze diffees in rank sum between each
treatment group and control. Median expression WPF3 was down-regulated by
50% with treatment of 1nM DHT (p<0.05), 60% withedtment of 10nM DHT
(p<0.001), 60% with treatment of 1uM flutamide (D) and 80% with treatment of
10nM DHT plus 1uM flutamide (p<0.001). Flutamide diot inhibit the effect of DHT.
Comparing the 10nM DHT treatment group with the NIODHT plus 1uM flutamide
treatment group showed no significant differenceTiMP-3 expression. Flutamide

again had a similar effect as DHT by down-regutafitMP-3 expression.
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Figure 5.5: Expression of TIMP-3 mRNA in LNCaP sdtkeated with DHT and the
non-steroidal androgen antagonist flutamide. Expemtal conditions were the same as
described in Figure 5.1. Results were collated frbPlnseparate experiments (n=12).
The Kruskall-Wallis test for variance of the mediaand Dunn’s multi-comparison test
were used to analyse for differences between thepgt Asterisks were used to denote
treatment groups in which difference in expressievels relative to control were

statistically significant (p<0.05 *, p<0.01 **, p<@Q1***),

5.3 Putative AREs in theADAMTS1 and ADAMTS15Genes

AREs are 15-base pair (bp) DNA sequences comprisingsix-bp half sites separated

by a three-bp spacer. The sequence 5-GGA/TACANARNGT -3’ has been described

as the consensus ARE (Roche 1992), but there sdemable variation in the sequence
and configuration of AREs located in associatiorthwandrogen responsive genes

(Monge 2006).
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Expression of ADAMTS-15 was down-regulated by DH3e¢tion 5.2.3), but the
ADAMTS15gene has not been previously described as an adregulated gene. The
ADAMTS1 and ADAMTS15gene promoters and gene sequences were screened to
identify putative AREs using the online nuclear ejgor binding site search tool,
NUBIScan as described in Section 2.16.

One ARE was identified in thDAMTS15promoter and 12 AREs in the gene
sequence. ADAMTS-1 mRNA expression was not regdldig DHT in previous
experiments (Section 5.2.2). TA®AMTS1gene had no putative AREs in the promoter
region and only two in the gene sequence. Tabl@sabd 5.3 give the position,
orientation, sequence and score for the putativEQidentified.

Schematic representations of tABAMTSland ADAMTS15genes in Figure 5.6 and

5.7 shows the relative positions of the putativeEARdentified.

Position Repeat

(Strand) Orientation ARE Sequence Score

Promoter - - - B
Sequence 4933(-) DR GGTGCTacaTGTGCT 0.82
7676(+) DR TGGTCAtcaTGTTCT 0.81

Table 5.2: Positions, orientation, sequence amdilarity score of the AREs detected in

the ADAMTSL1 Gene. For the repeat orientation, Déhades direct repeat.

TSP

-

4933(-) 7676(+)

i
Pi¢

Promoter Gene

Figure 5.6: Putative AREs identified in the ADABMTgene. The transcription start

point (TSP) denotes the end of the promoter andtidnd of the gene sequence. 2 AREs
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was identified in the gene sequence. The posifiogpsof the AREs relative to the TSP

are indicated; (+) and (-) denote sense and ansgestrands respectively.

Position Repeat
(Strand) Orientation ARE Sequence Score
Promoter -2319(+) ER GGAACAtaaGGTGCG 0.81
914(+) DR AGCACCCccgAGTACT 0.81
914(+) ER AGCACCCccgAGTACT 0.88
914(+) IR AGCACCCccgAGTACT 0.81
928(-) DR AGTACTcggGGTGCT 0.88
2357(+) ER GGCACAgCtAGTCCC 0.81
6884(-) DR AGTGCTctgAGTGCA 0.87
Sequence 6893(-) DR AGTGCCgagAGTGCT 0.84
7038(+) IR TGTGCTgccTGGACT 0.86
12880(-) DR TGTCCCcacAGTGCC 0.81
16123(+) DR TGAACCQtAGTTCA 0.82
16123(-) ER TGAACCQgttAGTTCA 0.89
19163(+) IR AGCACTCctcTGAACT 0.81
19177(-) DR AGTTCAgagAGTGCT 0.90
24790(+) IR AGTGCAactTGCACC 0.84

Table 5.3: Positions, orientation, sequence andlaiity score of the AREs detected in
the ADAMTS15 Gene. For the orientation, DR, ER, l&denote direct repeat, everted

repeat and inverted repeat respectively.

TSP
-2319(+) 914?8 2357(+) 6884(-) 12880(-) 16123(+)  19163(+) 24790(+)
928(-) 6993(-) 16123(-)  19177()
7038(+)
Promoter Gene

Figure 5.7: Putative AREs identified in the ADABMB gene. The transcription start
point (TSP) denotes the end of the promoter andtidne of the gene sequence. 1 ARE
was identified in the promoter and 12 in the geeguence. The positions (bp) of the
AREs relative to the TSP are indicated; (+) anddenote sense and antisense strands

respectively.

The same search was performed onTiiP3 gene, which was also down-regulated by

DHT (Section 5.2.4), and for comparison, thk€LK3 gene, which is up-regulated by
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androgen (Riegman 1991), and #@LH1 gene, which is down-regulated by androgen
(Israeli 1994). The results are shown in Table ®4e of the AREs detected in the
hKLK3 promoter region is known to be a functional PSA EARsequence
AGAACAQcaAGTGCT (Riegman 1991). TheKLK3 promoter had approximately
double the ARE to base pair ratio compared toADAMTS15andFOLH1 promoters,
and 1.5 times that of tha@IMP3 promoter. The hKLK3 gene sequence had
approximately 1.5 times the ratio found in tABAMTS15 TIMP3 and FOLH1 gene

sequences and approximately 3 times the ratiod ADAMTS1gene sequence.

ADAMTS1 | ADAMTS15 TIMP3 hKLK3 FOLH1
Gene Chromosome | Chromosome | Chromosome | Chromosome | Chromosome
Location 21921.3 11924.3 22q12.3 19913.33 11p11.2
Androgen Down- Down- Down-
Regulation Not regulated regulated regulated Up-regulated regulated
Length
(base 1,786 2,576 1,942 2,434 2,618
pairs)

Promoter AREs 0 1 1 2 1
AREs per 0.00039 0.00052 0.00082 0.00038
base pair

Length
(base 9,121 24,848 62,829 5,850 62,033
pairs)

Sequence —rrs 2 12 31 4 25
AREs per 0.00022 0.00048 0.00049 0.00068 0.0004
base pair

Table 5.4: Summary of the ARE data for ADAMTSIAMDS15, TIMP3, hKLK3 and

FOLH1 genes.

5.4 Regulation of ADAMTS-1 ADAMTS-15 and TIMP-3 mRNA Expression by
TNF in PC3, LNCaP and Stromal Cells
Prostate cancer and stromal cells were treated WHR to determine the effect on

ADAMTS-1, -15, and TIMP-3 mRNA expression.

5.4.1 Requlation of ADAMTS-1 Expression by TNF

ADAMTS-1 expression was not regulated by TNF in POSCaP and BPHA45 cells at

treatment doses of 10pg/ml, 100pg/ml or 10ng/myFe 5.8). The Kruskall-Wallis test
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showed that there was no significant variance b&tviee medians of experiments with

PC3 cells (p=0.1554), LNCaP cells (p=0.1842) andi&®cells (p=0.0856).
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Figure 5.8: Expression of ADAMTS-1 mRNA in A) PB)3,.NCaP and C) BPH45 cells

treated with TNF. Cells were treated for 24 hourthvhe specified doses of TNF, lysed
and cDNA was synthesized for analysis by real-tiRiePCR. Results were collated
from 6 separate experiments (n=6) in A and B, arsg¢darate experiments (n=4) in C.
Each data point represents an individual sample@RNA. The horizontal bars denote
the median expression level for each treatment mrolhe expression levels of
ADAMTS-1 mRNA in treated cells are shown as folhghks relative to controls. The
Kruskall-Wallis test for variance of the mediangildunn’s multi-comparison test were
used to analyse for differences between the gro@pterisks were used to denote
treatment groups in which difference in expressievels relative to control were

statistically significant (p<0.05 *, p<0.01 **, p<@Q1***),

5.4.2 Reqgulation of ADAMTS-15 mRNA Expression by FN

ADAMTS-15 expression was regulated by TNF in LNGafl BPH45 cells but not in

PC3 cells (Figure 5.9). The Kruskall-Wallis tesbsfed no significant variance between
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the medians of experiments with PC3 cells (p=0.0&06 LNCaP cells (p=0.1070), but
a significant variance in BPH45 cells (p=0.0043unD’s post test showed that there
was significant down-regulation of ADAMTS-15 in L@ cells at a treatment dose of

100pg/ml (p<0.05), and in BPHA45 cells at a treatndese of 10ng/ml (p<0.05).
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ADAMTS-15 Expression in BPH45 Cells
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Figure 5.9: Expression of ADAMTS-15 mRNA in A) PBBLNCaP and C) BPH45

cells treated with TNF. Cells were treated for 22ufs with the specified doses of TNF,
lysed and cDNA was synthesized for analysis bytnee RT-PC. Results were collated
from 6 separate experiments (n=6) in A and B, arsg¢darate experiments (n=4) in C.
Each data point represents an individual sample@RNA. The horizontal bars denote
the median expression level for each treatment mrolhe expression levels of
ADAMTS-15 mRNA in treated cells are shown as fb&hges relative to controls. The
Kruskall-Wallis test for variance of the medianglddunn’s multi-comparison test were
used to analyse for differences between the groApterisks were used to denote
treatment groups in which difference in expressievels relative to control were

statistically significant (p<0.05 *).

5.4.3 Requlation of TIMP-3 mMRNA Expression by TNF

As with ADAMTS-15, TIMP-3 expression was down-regigld by TNF in BPH45 cells

but not in PC3 and LNCaP cells (Figure 5.10). ThedsKall-Wallis test showed no
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significant variance between the medians of expamisiwith PC3 cells (p=0.0882) and
LNCaP cells (p=0.4387), but a significant variant®PH45 cells (p=0.0101). Dunn’s
post test showed that there was significant dovgoiegion of TIMP-3 in BPH45 cells

at a treatment dose of 10ng/ml (p<0.01).
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TIMP-3 Expression in BPH45 Cells
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Figure 5.10: Expression of TIMP-3 mRNA in A) PC3LBICaP and C) BPHA45 cells
treated with TNF. Cells were treated for 24 hourshvhe specified doses of TNF, lysed
and cDNA was synthesized for analysis by real-tiRifePCR. Results were collated
from 4 separate experiments (n=4). Each data pmptesents an individual sample of
cDNA. The horizontal bars denote the median exmeskevel for each treatment
group. The expression levels of TIMP-3 mRNA inté@ecells are shown as fold
changes relative to controls. The Kruskall-Walbksttfor variance of the medians and
Dunn’s multi-comparison test were used to analpsealifferences between the groups.
Asterisks were used to denote treatment groupsgioh difference in expression levels

relative to control were statistically significafi<0.05 *, p<0.01 **).

5.5 Discussion
In this chapter, the effects of DHT and TNF on esgsion of ADAMTS-1, -15 and

TIMP-3 was analysed. The results are summarisdale 5.6.
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ADAMTS-1 | ADAMTS-15 TIMP-3
DHT LNCaP o ! |
PC3 o o o
TNF LNCaP - ! N
BPH45 - ! !

Table 5.6: Summary of effect of DHT and TNF treatno@m expression of ADAMTS-1,
ADAMTS-15 and TIMP-3. Androgen-sensitive LNCaPscelére treated with DHT.
PC3, LNCaP and BPH45 cells were treated with TNF= Not regulated,| = Down-

regulated.

LNCaP androgen-sensitive cells were treated withTDIBHT up-regulated PSA
MRNA expression. DHT down-regulated the expreseib®DAMTS-15 but had no
effect on ADAMTS-1 expression. TIMP-3, an inhibitof the ADAMTSs and other
metalloproteinases, was also down-regulated by DHiE non-steroidal AR inhibitor,
flutamide did not inhibit the effect of DHT, butther, had a similar effect of down-
regulating ADAMTS-15 (Figure 5.3) and TIMP-3 (Figus.5). The mRNA expression
data for PSA, ADAMTS-1, -15 and TIMP-3 showed vhiligy in mRNA expression in
response to DHT treatment between treatments (€3gbirl, 5.2, 5.3, & 5.5). Previous
reports have shown a similar degree of variabiityADAMTS and TIMP mRNA
expression in cell lines between experiments, teguin a wide range of expression
levels (Giricz 2010; Stokes 2010). LNCaP cells ulture are an aggregate of several

sub-populations of cells (Wan 2003), and differsub-clones of LNCaP cells show

185



varying response to androgen treatment (Iguchi ROQjuchi et al stimulated two
different populations of LNCaP cells and found tloae had a greater response to
androgen in terms of proliferation and PSA expmssOne or more of these factors
could explain the wide range of expression levatskeeping with its role as an
androgen antagonist, flutamide has been shownhibitrup-regulation of ADAMTS-1
by 100nM DHT in endometrial stromal cells at a camtcation of 100nM (Wen 2006),
and androgen receptor activation by 10pM DHT in INprostate epithelial cells at
10nM concentration (Avances 2001). Previous stubas reported that mutations in
the ARs of prostate cancer cells could lead torabémactivation by non-steroidal AR
antagonists. LNCaP cells are known to have suchutatron in the LBD of the AR
(Veldscholte 1992). This could account for the sameffect of DHT and flutamide on
the LNCaP cells used in this study.

Androgen-regulated gene expression is mediatetheiaction of nuclear receptors. The
activated AR binds to AREs in promoter regions nfiragen regulated genes, where
transcription factors are recruited by the receptand complex (Heinlein 2002).
Transcription factors could either be co-activatorsco-repressors. Recruitment of co-
activators by the receptor will lead to increasedngcription of mRNA, while
recruitment of co-repressors leads to decreaseddmation (Heinlein 2002). Further
experiments wre not performed to determine the m@m@sin of down-regulation of
ADAMTS-15 by DHT. Anin silico screen of thd\DAMTSlandADAMTS15genes for
putative AREs found one ARE in the promoter reggdrADAMTS15but none in the
promoter region oADAMTS1 Some AR co-repressors for example the transeripti
factor ERG, have been reported to effect down-@gui of androgen-regulated genes
by forming complexes with ligand-activated AR anthsequent binding to ARES on

androgen-repressed genes (Chng 2012). It is alssilpe that the down-regulation of
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ADAMTS-15 by DHT is an indirect effect, and is matlid by interaction of other
androgen regulated proteins with the transcriptio@chanism ofADAMTS15gene.
Inhibition of protein synthesis by cyclohexamidéeatiated AR mediated gene down-
regulation (Prescott 2007), suggesting that AR aigsntermediary proteins to effect
gene repression.

The search strategy used a matrix comprising niR& Aalf-sites derived from six
AREs that are known to functionally bind to AR. T$warch strategy identified putative
AREs that had two half-sites (each with at leagb&milarity to any of the nine known
half-sites) separated by a non-specific 3bp sequeRus strategy would therefore not
detect putative non-canonical AREs with more os ldggan 15bp or putative 6bp ARE
half-sites. In vitro studies have shown specifieding of AR to non-canonical AREs
(Zhou 1997) and 6bp half-sites (Massie 2007), hwicfional binding and gene
transcription has not been demonstrated. An arsabfsthe sequences of genomic AR
binding sites showed that 27% were of the canorseguence (Massie 2007). In a
subsequent study by the same investigators, imgasirequirement of AR and RNA
polymerase Il co-binding found that 54% of indeetf sites were of the canonical
format (Massie 2011). This indicates that bindimg6bp ARE half-sites does not
necessarily lead to recruitment of the key comptmehthe trancsription mechanism.
Seventy percent of the 6bp half-sites identifiedem®cated in close proxity to ETS
transcription factor binding sites, and direct ratgion between AR and ETS family
transcription factors was required for bindingha 6bp half-sites (Massie 2007).
Several putative AREs were also found down-stre&rthe TSP of theADAMTS15
gene. This raises the possibility that one or nafrthese AREs could be acting as an
enhancer. Unlike gene promoters, gene enhancerbe&dacated many thousand bp

upstream or downstream of the TSP (Kleinjan 200%e hKLK3 gene has such an

187



enhancer containing an ARE which is located 4,20Qstream of the TSP (Cleutjens
1997), and several studies have found that prapwately more AREs were located in
the gene sequence than in the promoter region dfogan-regulated genes (Horie-
Inoue 2004), which is in keeping with the findingghis study.

The significance of the ARE to base-pair ratio wiglspect to androgen up- or down-
regulation is not known. Analysis of the gene seges showed that thkeKLK3
promoter region had twice the density of putatiREs as th&OLH1 andADAMTS15
promoters (Table 5.4). This may mean that more ARiesrequired to assemble co-
activator complexes than are required for the abBemf co-repressor complexes.
Further studies are required to determine if thiatpre AREs identified in this study
are functional because silico based methods can identify the presence of trigtiscr

factors associated with genes but do not test fnmality (Wasserman 2004).

PC3, LNCaP and BPHA45 cells were treated with TNRF Treatment down-regulated
the expression of ADAMTS-15 in LNCaP and BPH45<ellNF also down-regulated
TIMP-3 expression in BPH45 cells, but ADAMTS-1 eggsion was not modulated by
TNF in any of the cell lines tested. TNF is a pnlammatory cytokine that may also be
playing a role in prostate cancer progression. Wty Mizikami et al showed that
malignant prostate epithelial cells strongly expegs TNF compared to normal
epithelial cells (Mizokami 2000). This suggeststthmaddition to TNF produced by
TAMs, tumour cells express TNF. Another study showeat TNF at a treatment dose
of 200U/ml (equivalent of 12ng/ml) down-regulatedR APSA and Epidermal Growth
Factor receptor (EGFR) expression and up-reguldtedexpression of HLA Class |
antigen in LNCaP cells (Sokoloff 1996). PC3 cellsated with TNF had down-

regulated expression of MMP-2 (Gelatinase A), b&s#coblast Growth Factor (bFGF)
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and P-Cadherin. TNF treatment inhibited prolifematiof LNCaP cells, but not PC3
cells (Sokoloff 1996).

Mozokami et al also showed that TNF treatment a@ose of 30ng/ml reduced the
sensitivity of LNCaP cells to androgen stimulatlmndown-regulating AR expression,
with the resulting cells forming new androgen-irstéwe cell populations (Mizokami
2000). However, long term (> 3 months) treatmerth\sDng/ml TNF produced LNCaP
derived cells that had a greater rate of proliferatn response to DHT treatment
compared to the parental LNCaP cells (Harada 20Ré&3ults in this chapter showed
that the effects of TNF were seen at doses of 1/d@lpgnd 10ng/ml (Figures 5.9 and
5.10).In vivo studies in the literature have produced mixedltgswith TNF treatment
having partial or no anti-tumour effect on prosteéacer xenografts (van Moorselaar
1991; van Moorselaar 1991). Clinical studies havews that patients with advanced
prostate cancer have elevated serum levels of TRfEz¢nmaier 2003; Michalaki
2004).

It is known that TNF could play either a pro- otignmour role, depending on the site
and stage of the cancer (Balkwill 2009). The boflgwdence seems to suggest that
TNF has anti-tumour activity in sarcomas, but miali@nti-tumour and sometimes pro-
tumour activity in epithelial tumours like prostat@ncer (Balkwill 2009).

It is not known with certainty the consequence @ivd-regulation of ADAMTS-15 and
TIMP-3 in the TME. Evidence from breast cancer {o2006) and colorectal cancer
(Viloria 2009) suggests that ADAMTS-15 plays anid@mmour role. TIMP-3 is an
inhibitor of several MMPs, ADAMs and ADAMTSs, many which degrade the ECM
and promote prostate cancer cell invasion and nestas (Nemeth 2002; Udayakumar
2003; Aalinkeel 2004). ADAM-17 (TNF converting emag) is a metalloproteinase

which sheds membrane-bound TNF into the ECM (Bla@8R7; Moss 1997). Down-
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regulation of TIMP-3 by TNF could lead to an ingean ADAM-17 activity and
initiate a vicious cycle creating a positive feextk loop.

Down-regulation of TIMP-3 would lead to increasativaty of ECM degrading MMPs
and favour cancer cell invasion and metastasisrdased TIMP-3 expression would
also lead to attenuation of its anti-angiogeni@dff(Qi 2003) and favour metastasis.
With these findings put together, the implicatidrtlee down-regulation of ADAMTS-
15 and TIMP-3 by TNF in the TME is that TNF is likglaying a pro-tumour role in

prostate cancer.
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CHAPTER 6

KNOCK-DOWN OF ADAMTS-1 & -15
EXPRESSION & EFFECT ON
PROLIFERATION, MIGRATION &
INVASIVE POTENTIAL OF PC3 CELLS
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CHAPTER 6:

KNOCK-DOWN OF ADAMTS-1 AND -15 EXPRESSION AND EFFECT ON
PROLIFERATION, MIGRATION AND INVASIVE POTENTIAL OF PC3

CELLS

6.1 Introduction

Previous chapters in this thesis have reportetherexpression of ADAMTS-1 and -15
in prostate cells and the effect of androgen andkaye treatment on expression levels.
In this chapter, results from functional assays$ofeing knock-down of ADAMTS-1
and -15 expression are presented. PC3 prostatercegits were used for the functional
assays because of their high clonogenic and inggsiwperties. PC3 cells have proven
metastatic potential and are representative otlaareced, poorly differentiated prostate
adenocarcinoma (Kaighn 1979). PC3 cells express MD3-1 and -15 (Cross 2005),
and hence provided a good model system to detertiheneffects of ADAMTS-1 and -
15 in prostate cancer progression.

Morbidity and mortality from prostate cancer is aky a consequence of local
progression and metastasis of the primary tumobaf&gy 2007). The cancer cells can
invade locally; infiltrating surrounding tissuekdithe urethra, bladder and ureters, and
eventually metastasize (Ware 1987). Metastaticaspmuld also occur to para-aortic
lymph nodes lying adjacent to the ureters (Long999umour infiltration of these
structures could cause obstruction in the flownofey leading to renal failure and death
(Mazur 1991; Paul 1994; Khafagy 2007). Prostateceamlso has a predilection to
metastasize to bone, causing pain, pathologicurastand spinal cord compression in
the vertebrae. Metastases to the lungs and thedoedd lead to respiratory and hepatic
failure respectively (Long 1999; Khafagy 2007). @rstanding the mechanisms by
which cancer cells infiltrate surrounding tissuel anetastasize is therefore of utmost

importance.
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The role of ADAMTS-1 and -15 in proliferation, maion and invasion were
evaluated, as these are three important processalsed in tumour progression (Ware

1987; Arya 2006).

6.2 ADAMTS-1 and -15 Knock-down in PC3 Cells

A number of techniques have been used for transfech mammalian cells. These
include calcium phosphate co-precipitation (GrahB®73), lipid based transfection
reagents (Chesnoy 2000) and electroporation (Ch87)19These methods were
evaluated to select the most suitable for intraogiiRNA into PC3 cells to knock-
down ADAMTS-1 and -15 expression.

6.2.1 Transient Knock-down

Transient knock-down can be achieved by transf@iRNA targeted against the gene
of interest into cells.

6.2.1.1 Metafectene Pro, Dharmafect 2 and Calcidmodphate

PC3 cells were transfected according to the supplpEotocols as described in Section
2.18.3.1 for Metafectene Pro, Section 2.18.3.Zfearmafect 2 and Section 2.18.2 for
calcium phosphate using the Profection kit (Promegath the sSiGENOME
(Dharmacon, Thermo Fisher) transient siRNA knoclwaosystem (Section 2.19).
According to the product data sheets, Metafecteme (Biontex) and Dharmafect 2
(Dharmacon, Thermo Fisher) are lipid based tratisieceagents.

Knock-down of target siRNA was analysed by realetiRT-PCR at 72 hours post-
transfection. ADAMTS-1 and -15 expression in norgéding knock-down (NTC) PC3
cells was compared with expression in knock-dowm &WT cells. To monitor
transfection efficiency, siGLO Red was transfedted separate cells using each of the

transfection reagents. Transfection using each adetras done in triplicate.

193



Using the expression of siGLO Red as an indicat®rhours was the approximate time
that the effect of transfection peaked. ExpressiogiGLO Red was greatest in the cells
that were transfected with Metafectene Pro, andtl@a the cells transfected with

Dharmafect 2 (Figure 6.1). However, the cells tfected with Metafectene Pro did not
appear healthy. They were rounded and remaine@lipastached to the bottom of the
tissue culture plate.

Metafectene at 24 hrs Metafectene at 72 hrs

100pm

Dharmafect at 24 hrs D|1armaféct at 72 hrs

100pm

Ca Phosph at 24 hrs Ca Phosph at 72 his

100pm 100pm

Figure 6.1: PC3 cells transfected with siGLO Rethgdvietafectene Pro, Dharmafect 2

and calcium phosphate transfection reagents ascatdd on each photo-slide. Photo-
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micrographs images were captured at 24 hours pastsfection and 72 hours post-

transfection.

At 72 hours post-transfection, cells were lysed sahples prepared for real-time RT-
PCR to determine expression levels of ADAMTS-1 ah mRNA. The results of
transfection with these three agents were compéfegure 6.2). The transfection
process up-regulated ADAMTS-1 and -15 mRNA expmegsevident by the higher
expression of ADAMTS-1 and -15 in the non-targetikigock-down (NTC) cells
compared to WT. Comparing the NTC with the knockvdocells, the highest
transfection efficiency was seen with Metafecteng Pollowed by calcium phosphate.
This was in keeping with the pattern of expresbsiGLO Red seen in Figure 6.1.
Transfection using Dharmafect 2 led to higher esgign in the knock-down cells in
one of the replicates of ADAMTS-1 knock-down (ATS&ahd two replicates of
ADAMTS-15 knock-down (ATS15). Transfection using &mafect 2 had previously
produced as low as 80% knock-down of target gem@savious experiments (Sections

4.3.2 and 4.3.5).
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Figure 6.2: Transient transfection of PC3 cellsm#&RNA against ADAMTS-1 (A), and
ADAMTS-15 (B). Knock-down of target siRNA was agadyby real-time RT-PCR at 72
hours post-transfection. Transfections were perfbmia triplicate. ADAMTS-1

expression (A) and ADAMTS-15 expression (B) wengpaeoed in non-targeting knock-
down (NTC), ADAMTS-1 knock-down (ATS1), ADAMTSHdekdown (ATS15) and

wild type (Gerhardt) PC3 cells. Median and range displayed.
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6.2.1.2 Electroporation

PC3 cells were transfected by electroporation usiegNucleofector Il (Amaxa, Lonza)
Kit-V which was optimised for PC3 cells by the slippas described in Section 2.18.1
using the siGENOME (Dharmacon, Thermo Fisher) tearssiRNA knock-down
system (Section 2.19). Separate cells were alsgfereted with a non-targeting siRNA
sequence (NTC). Knock-down of target siRNA was ys®d by real-time RT-PCR at
72 hours post-transfection.

Cell attrition was not observed when cells werengxad under the microscope at 24,
48, and 72 hours post-transfection. Electroporatiesulted in knock-down of
ADAMTS-1 and -15 mRNA in PC3 cells, with approxiragt 80% knock-down, as
determined by real-time RT-PCR at 72 hours posistection (Figure 6.2).

6.2.2 Stable Knock-down

DNA coding for two shRNA sequences against ADAMT&RNA designated ATS1a
and ATS1b were designed as described in Sectiod. Z:.Be oligonucleotides were
annealed and inserted into the p-Silencer 4.1 CM&tar system (Invitrogen) using the
supplier's protocol and used to transform TOP-lfhgetentE.coli. PC3 cells were
transfected with DNA for either ATSla or ATS1b byeatroporation with the
Nucleofector Il kit (Amaxa, Lonza) as describediection 2.18.1. An empty neomycin
resistance vector (NTC) was transfected to be asetbntrol. Successfully transfected
cells were selected by growing in complete mediuntaining 12.5ug/ml puromycin
(Invitrogen) for ATS1a or complete medium contagh00g/ml geneticin for ATS1b
in 100mm tissue culture dishes. These optimal aanagons of selection antibiotics
were determined by a ‘death curve’. WT PC3 cellsemgrown in wells containing
increasing doses of the respective antibiotic. [blaest concentration of antibiotic that

caused massive cell death of WT cells was seledibd. antibiotic selection media
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killed off cells that were not successfully expregsthe puromycin or neomycin
resistance genes, leaving scattered colonies giveuy cells in the dish. Clones were
selected from the surviving cells using 3mm clongigcs (Sigma). The cell colonies
were washed twice in PBS and trypsin-soaked clodisgs were placed on the each
colony with sterile forceps for 5 minutes. The diskere picked up and placed into
individual T25 flasks and the clones were left tolferate, expanding into T75 flasks.
The clones were kept under antibiotic selectionsguee. Expression levels of
ADAMTS-1 in the clones was analysed by real-time RJIR.

ATSl1a and ATS1b knock-down cells produced viablnes that were expanded in
culture. The NTC cells did not survive when grown antibiotic selection media,
suggesting that the neomycin resistance DNA washeitg incorporated into the
cellular DNA. WT PC3 cells were cloned in a simitaanner as the transfected cells.
Three clones were generated.

The ATS1a construct produced eight clones, whigeAMS1b produced two. One of the
WT clones was designated as the control, and tpeession of ADAMTS-1 mRNA
was determined in the other two WT clones and th&¥a and ATS1b clones relative
to the control. The most important finding was ttta cloning process revealed that
there was a wide range of expression between W3 ttelt were cloned from the same
cell population (Figure 6.3). This made interpretatof the knock-down results
difficult, as it was not possible to ascertain Wiegtthe differences in expression in the
knock-down cells was due to a specific knock-dowifeat, or due to inherent
differences in expression levels between clonalufajons. Also, the difficulty in
generating a non-targeting knock-down clone ofsctdluse as controls meant that the

ATS1la and ATS1b clones could not be used in exmerismto study the biological
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functions of ADAMTS-1 in PC3 cells. For the samagens, this knock-down system

was not used for down-regulation of ADAMTS-15.

ADAMT S-1 Expression in PC3 Clones
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Figure 6.3: Expression levels of ADAMTS-1 mRNA @8Rtable knock-down clones
(ATS1la and ATS1b) relative to a WT PC3 cell clan@). Stable transfection of DNA
coding for short hairpin RNA (shRNA) against ADAMI @as transfected into PC3
cells by electroporation. Following electroporatiothe cells were plated in 100mm
tissue culture dishes in complete medium for 24rdioMedium was changed to
antibiotic selection media and clones were seleded expanded from surviving
colonies. Knock-down of target siRNA was analysedehl-time RT-PCR. Expression
in two other WT clones (WT2 and WT3) was also detexd. Results are from one

experiment which is representative of 2 experiments

6.3 Functional Assays

ADAMTS-1 and -15 expression was knocked down seaplran PC3 cells using the
transient siRNA knock-down procedure as descrilme&ection 6.2.1.2. At 72 hours
post transfection, levels of ADAMTS-1 and ADAMTS-&%pression in the ADAMTS-
1 knock-down (ATS1kd) and ADAMTS-15 knock-down (AT=kd) cells respectively

was analysed relative to non-targeting control (INT€&lls using real-time RT-PCR. A
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minimum of 70% knock-down was arbitrarily set fcglls to be used in all of the

functional assays reported below. Functional asssre commenced on Day 5 post-
transfection, as previous experiments (Section5%.Bad shown that ADAMTS-15

protein expression was down-regulated at Day-5-fpassfection.

6.3.1 Proliferation

ADAMTSs are involved in ECM remodelling by cleavipgoteoglycans (Jones 2005).
The ECM acts as a reservoir for growth factors BeBEM degradation increases the
bio-availability of growth factors sequestered Ire tECM (Ruoslahti 1991; Schultz
2009). Down regulation of ADAMTS-1 and -15 couldealthe rate of ECM proteolysis
and cell proliferation.

6.3.1.1 Haemocytometer Cell Counts

Proliferation of PC3 ATS1kd and ATS15kd cells weaenpared to NTC cells by using
direct cell counts to produce a growth curve (Jome&. 1997; Wiepz 2006). Fifty
thousand cells/well were plated in 12-well plates quadruplicate in serum-free
medium. Serum-free medium was used as there wasrtanty that serum added to the
media would not contain high enough concentrat@n&DAMTS-1 or ADAMTS-15

to attenuate the effect of knock-down. At 24, 48] 80 hours, cells were washed twice
with phosphate buffered saline (PBS) and detachs&agurypsin-EDTA and counted
using an Improved Neubauer haemocytometer (Hawkshdter each count, the cells
were re-plated and incubated until the next timatpo

The growth curve showed a progressive attritiowadls in all the ATS1kd, ATS15kd
and NTC cells (Figure 6.4), suggesting that thishme was not suitable for studying
proliferation under the conditions used in our ekpents. Possible reasons for the
attrition of the cells were the effect of repeatsgbsinisation on the cell membranes that

had possibly not recovered from electroporation géne use of serum-free medium for
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the proliferation assay, which did not neutralise trypsin when the cells were re-

plated after each count.

PC3 Cell Proliferation Assay
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Figure 6.4: Cell proliferation assay comparing raté proliferation in ADAMTS-1

knock-down (ATS1kd), ADAMTS-15 knock-down (ATSl&kd)non-targeting knock-
down (NTC) PC3 cells using the haemocytometer cogthod. Knock-down levels
were analysed by real-time RT-PCR at 72 hours pasisfection. At Day 5 post-
transfection, 50,000 cells/well of each cell typerevplaced in 12-well plates in
quadruplicate in serum-free medium. At 24, and 48r#, cells were detached using
trypsin-EDTA and counted using a haemocytometéer Aach count, the cells were re-
plated and incubated until the next time point. Mé#& SEM is displayed. The assay

was terminated at Day 2 due to the large attritadrcells.

6.3.1.2 MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphd tetrazolium bromide) Assay
Proliferation of ATS1kd and ATS15kd cells were cargrl to NTC cells using an MTT
assay (Sigma) as described in Section 2.23.2. Kitedrial dehydrogenases of viable
cells cleave the tetrazolium ring of MTT formingtitazan crystals which change the

colour of the solution from yellow to purple (Visd 1991). Compared to direct cell
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counts, the MTT assay is less labour intensive awmdids repeated trypsinisation
(Wiepz 2006). Fifty thousand cells/well were platedL2-well plates in triplicate. For
each experiment, 4 sets of cells were plated, ®aeh to be counted on day 0, day 1,
day 2 and day 5 of the experiment. The experimastdone three times (n=3).

Results from each experiment were plotted in thenfof growth curves (Figure 6.5).
There were no significant differences in the rdt@roliferation between ADAMTS-1
knock-down cells, ADAMTS-15 knock-down cells anchaargeting knock-down cells.
The experiment was not carried on beyond 5 dayausecusing a transient knock-down

system, the effect of knock-down is expected tdideavith each successive cell cycle.
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Figure 6.5: Cell proliferation assay comparing raté proliferation in ADAMTS-1

knock-down (ATS1kd), ADAMTS-15 knock-down (ATSI&hkd )non-targeting knock-

down (NTC) PC3 cells using the MTT method. Knoakrdéevels were analysed by
real-time RT-PCR at 72 hours post-transfection neuge a minimum of 70% knock-
down. At Day 5 post-transfection, 50,000 cellsheékkach cell type were placed in 12-
well plates in quadruplicate in serum-free medilior each experiment, 4 sets of cells
were plated, to be analysed on day 0, day 1, dagd2day 5 of the experiment. At the
designated time point, absorbance was measured) tisenprotocol for the MTT assay.

Absorbance was plotted against time. Mean () SEBhown.

P Value
Cell Type Time Experiment  Experiment  Experiment Pooled
Point 1 2 3
Day 1 0.86 0.14 0.05 0.84
ATS1kd Day?2 0.26 0.05 0.48 0.1
Day 5 0.56 0.43 0.14 0.87
Day 1 0.73 0.12 0.06 0.67
ATS15kd Day 2 0.91 0.57 0.83 0.93
Day 5 0.14 0.03 0.32 0.09

Table 6.1: P values of proliferation assays donengighe MTT method comparing
ADAMTS-1 knock-down (ATS1kd) and ADAMTS-15 knoekrdATS15kd) with non-
targeting knock-down (NTC) PC3 cells. P values weaeulated using the two-tailed
unpaired t-test. P values for individual time pgiimt each experiment are shown. Data

from all three experiments were pooled and theltieguP values displayed.

6.3.2 Migration

For the purpose of this thesis, migration was @efias the movement of living cells in
contact with a biologic or synthetic scaffold, fromme position to another, with no

physical barrier between the two positions. Matildf cancer cells is essential for
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invasion and metastasis (Wolf 2003). Cell migratisnra complex process requiring
anterior protrusion and attachment to the ECM, lised ECM degradation and
posterior detachment and retraction (Lauffenburg@®6). Gon-1, a homologue of
ADAMTSs in Caenorhabditis elegansnediates cell migration during gonadogenesis
(Blelloch 1999). The proteoglycanase activity of AdTS-1 implies that it could be
playing a role in ECM remodelling during migratiohlso, ECM degradation could be
releasing chemotactic factors that influence cailility. ADAMTS-15 is predicted to
be a proteoglycanase (Cal 2002) but its role inE@M is not clear. The effect of
ADAMTS-1 and -15 knock-down on migration was analysising two methods, the
wound healing (scratch) assay, and a modified Boyt@mber assay.

6.3.2.1 Migration using Scratch Assays

The scratch assay (O'Toole 1997, Cao 2006; Liang7R@vas used with some
modifications as described in Section 2.24.1. Quedhed thousand cells were plated in
12-well plates that had been pre-coated with Malrig act as a biological scaffold for
the migrating cells. Assays were run for 24 hoB8ig.experiments were perfomed, four
comparing ADAMTS-1 and -15 knock down cells withnatargeting knock-down cells,
and two experiments each comparing either ADAMT&-ADAMTS-15 knock-down
cells with non-targeting knock-down cells. Each emqment was done in triplicate.
Distance migrated was calculated by subtractingwitdth of the start gap from the
width of the end gap as illustrated in Figure Zfie results of each experiment were
plotted graphically (Figure 6.6) and the relatieédfdifference in migration between the
non-targeting knock-down and the ADAMTS knock-dowells was calculated by
normalising the mean distance migrated in the mogeting knock-down cells to 1. The

relative-fold changes from Experiments 1 to 6 waoeled together and the two-tailed
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paired t-test was used to analyse the results igmifieant differences in migration
between the ADAMTS knock-down cells and the nogeting knock-down cells.
Analysis of the pooled data from all six experingesthowed no change in the migration

of PC3 cells as a result of knock-down of ADAMTS=0.3163) or ADAMTS-15

(p=0.4006).
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Figure 6.6: Cell migration assay comparing rate rafgration in ADAMTS-1 knock-
down (ATS1kd), ADAMTS-15 knock-down (ATS15kd) amdtargeting knock-down
(NTC) PC3 cells using the scratch method. Six emymeits were carried out, four
comparing ADAMTS-1 and -15 knock down cells with-tawgeting knock-down cells,
and two experiments each comparing either ADAMTE-ADAMTS-15 knock-down
cells with non-targeting knock-down cells. Each exkpent was done in triplicate.
Distance migrated was plotted and the rate of ntigra of the knock-down cells
relative to control in each experiment was calcaethtby normalising the distance
migrated by the non-targeting knock-down cells.t®ésults of all six experiments were
pooled to show relative-fold changes in migratitarge graph at the bottom). The two-
tailed paired t-test was used to analyse the residt significant differences in the
relative migration of the ADAMTS knock-down celisnpared to the non-targeting

knock-down cells. Mean (x SEM) is shown.

6.3.2.2 Migration using Boyden Chamber Assays

The modified Boyden chamber was adapted for useigration assays (Albini 1987;
Taniguchi 1989; Szpaderska 2001) as described ¢tidhe2.24.2. Based on results of
chemo-attraction assays reported in Section 3.5hal# conditioned medium from
prostatic stromal cells was placed in the lowerndb@r as a chemo-attractant as
described in Figure 2.6. Seven-day conditioned omadwas not used as there was
evidence of nutritional depletion of the conditidnaedium at 7 days. Assays were run
for 6 hours.

Nine experiments were performed, six comparing AdiStells and ATS15kd cells
with NTC cells, two comparing ATS1kd cells with NT€ells and one comparing

ATS15kd cells with NTC cells. Each experiment wasl in triplicate. The results of
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each experiment were plotted graphically (Figuré).6The relative difference in
migration between the non-targeting knock-down sti@dADAMTS knock-down cells
was calculated by normalising the mean number oftaogeting knock-down cells to 1.
Data from individual experiments were pooled areltthio-tailed paired t-test was used
to analyse the results for significant differencethe relative-fold changes in migration
between the ADAMTS knock-down cells and the nogeting knock-down cells.
Analysis of the pooled data from all nine experitseshowed no change in the
migration of PC3 cells as a result of knock-down ADAMTS-1 (p=0.0649) or

ADAMTS-15 (p=0.4696).
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Figure 6.7: Cell migration assays comparing ratenoigration in ADAMTS-1 knock-

down (ATS1kd), ADAMTS-15 knock-down (ATS15kd) amdtargeting knock-down

(NTC) PC3 cells using the modified Boyden chambethad. The number of cells
migrating to the lower surface of the filter wasuoted at x20 magnification. Nine
experiments were perfomed, six comparing ATS1Kd aetl ATS15kd cells with NTC
cells, two comparing ATS1kd cells with NTC celld ane comparing ATS15kd cells
with NTC cells. Each experiment was done in trgikc Number of cells migrating per
high power field was plotted and the number of atigg knock-down cells relative to
control in each experiment was calculated by norsivad) the number of migrating NTC
cells to 1. Results of all the experiments werelggbdo show relative changes in
migration. The two-tailed paired t-test was usedat@lyse the results for significant
differences in the relative migration of the ADANMKrdck-down cells compared to the

non-targeting knock-down cells. Mean (x SEM) iswsho

6.3.3 Invasion
In addition to their ability to migrate, cancer Isetequire the ability to degrade the

ECM proteins and proteoglycans that form structubarriers between tissue
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compartments (Liotta 1986; Mareel 2003). For thepse of this thesis, invasion refers
to the movement of living cells in contact with mlbgical or synthetic scaffold, from
one point to another, with a biological barrier agping the two points. Cancer cells of
epithelial origin, like prostate cancer, have toedamh the basement membrane
underlying the epithelium on order to reach thersta. They also have to penetrate the
basement membrane encasing the endothelial cetteeinasculature in order to enter
the circulation and metastasize to distant sitesvM@gR2008). Basement membranes are
composed mainly of laminin and type IV collagennfiarg polymeric networks in a
sheet-like structure (Kalluri 2003). Metalloproteses have been implicated in the
process of ECM and basement membrane degradatioowe(R2009). The
proteoglycanase properties of ADAMTS-1, and pogsiiDAMTS-15, make them
candidate proteinases for investigation into thechmmaism of prostate cancer cell
invasion.

6.3.3.1 Invasion using Boyden Chambers Assays

Invasion assays were adapted for modified Boydeamtlers (Boyden 1962; Albini
1987; Taniguchi 1989; Szpaderska 2001; Albini 2083)described in Section 2.25
using Transwell permeable polycarbonate 13mm filteslls with 8um pore size
(Corning, Fisher Scientific) coated with Matriget @ biological barrier to cell
migration. This experimental model mimics the psscef invasion of the basement
membrane. Two important variables of the invasissag are the amount of Matrigel
used to coat the filters, and the optimal lengthirag to run the assay. A novel method
was devised to determine the assay duration for €lI3 by allowing detection of
invading cells in real-time. The polycarbonate efit were coated with 20ug of
Matrigel. Some filters were also coated on the wsdeface with Matrigel containing

50pg/ml of DQ-Gelatin. Based on results of chentmeation assays reported in Section
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3.5, 48 hour conditioned medium from prostatic rst@b cells was placed in the lower
chamber as a chemo-attractant as described in &ig§. Seven-day conditioned
medium (Figure 2.8) was not used as there was eegdef nutritional depletion of the
conditioned medium at 7 days. For the wells wiik tinder-coating of DQ-Gelatin
containing Matrigel, invading cells were detectgddounting fluorescent spots as the
invading cells proteolytically cleaved the DQ-Gelabn the under-surface of the filter
(Figure 2.8). For the wells with no DQ-Gelatin, thamber of invading cells was
counted either by staining the filters with haemglio and eosin (H&E), or with 4%
(w/v) crystal violet in 95% (v/v) ethanol as debexd in Section 2.25.

Using the fluorescence method, the filters weremerad under a fluorescence
microscope every six hours. Fluorescent spots Wstedetected at 24 hours. The assay
was continued and terminated at 48 hours. Fig@eltows the appearance of the filter
at 48 hours. In white light (Figure 6.8 A), it wast possible to tell which cells were
above or below the polycarbonate filter. Under blight (Figure 6.8 B), green
fluorescent spots were seen which correspond @ ereas of proteolysis by invading
cells. Figure 6.9 shows the appearance of invacktlg on the polycarbonate filter after

H&E staining.

Figure 6.8: Counting invading cells after 48 howsing the fluorescence method at x

40 magnification. Invading cells can not be diffgrated from non-invading cells when
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the polycarbonate filter is viewed under white tigh A. In blue light in B, the
fluorescent spots (white arrows) emitted by theading cells as DQ-Gelatin on the
lower surface of the filter is cleaved was visuadisand counted (See illustration in

Figure 2.8).

Figure 6.9: Counting invading PC3 cells after 24um® using the H&E staining
method. A, polycarbonate filter viewed at x 20 nifagation and B, at x 40

magnification. Cells (C) can be differentiated frdme 8um filter pores (P).

To compare the fluorescence method with the comwesit method of staining the
filters before counting, invasion assays were gets described above with triplicate
wells for each counting method. The assay wasou@4 hours using 20ug of Matrigel
to coat the filters. The results in Figure 6.10vgb0 that the there was no significant
difference in number of invading cells counted lew the two methods using the
unpaired t-test (p=0.1704). This implies that therfescent spots counted are due to

proteolysis by a single cell.
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Figure 6.10: Modified Boyden chamber invasion assaynparing the fluorescence
counting method with the H&E staining method. Si¥)yparbonate filters were coated
with 20 g of Matrigel. Three of the filters weresalcoated on the under-surface with
Matrigel containing 50ug/ml of DQ-Gelatin. The agseas stopped at 24 hours and the
number of cells invading the Matrigel barrier wasuated. The number of distinct
fluorescent spots viewed under the microscope ér power field (hpf) was compared
to the number of invading cells seen on the filegter staining with haematoxylin-eosin

(H&E). Mean (= SEM) is shown.

The fluorescence method had shown evidence of g@gbie activity at the lower
surface of the filters at 24 hours. Based on threselts, the invasion assays were run
for a duration of 24 hours. Polycarbonate filterevcoated with 20pug Matrigel. Two
hundred thousand PC3 cells were plated in the ugpanber of the transwell inserts in
serum-free medium. Forty-eight hour conditioned mmedfrom prostatic stromal cells
was used as a chemo-attractant. The number of imyamlls was counted either by
staining the filters with haematoxylin and eosir&]j, or with 4% (w/v) crystal violet

in 95% (v/v) ethanol as described in Section 2R&ur high power fields (hpf) were

counted at magnification of x 20 and the mean vedcutated.
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Seven experiments were perfomed, five comparing IK8cells and ATS15kd cells
with NTC cells, one comparing ATS1kd cells with NT&@lls and one comparing
ATS15kd cells with NTC cells. Each experiment wasl in triplicate. The results of
each experiment were plotted graphically (Figurgll. The relative difference in
migration between the non-targeting knock-down ABIRMTS the knock-down cells
was calculated by normalising the mean number oftaogeting knock-down cells to 1.
The relative changes were pooled together andvwtbediled, paired t-test was used to
analyse the results for significant differencestle relative changes in migration
between the ADAMTS knock-down cells and the nogeting knock-down cells.
Analysis of the pooled data from all seven expentseshowed no change in the
invasive potential of PC3 cells as a result of kndown of ADAMTS-1 (p=0.8336) or

ADAMTS-15 (p=0.6281).
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Figure 6.11: Invasion assays comparing invasiveeptal of ADAMTS-1 knock-down
(ATS1kd), ADAMTS-15 knock-down (ATS15kd) and ngetiag knock-down (NTC)
PC3 cells using the modified Boyden chamber methbd. filters were coated with
20ug of Matrigel. Seven experiments were perforfinegl comparing ATS1kd cells and
ATS15kd cells with NTC cells, one comparing ATSHi$ with NTC cells and one
comparing ATS15kd cells with NTC cells. Each expent was done in triplicate.
Number of cells invading per high power field wéstted and the number of invading
knock-down cells relative to control in each expemt was calculated by normalising
the number of invading NTC cells to 1. Resultsliofh@ experiments were pooled to
show relative changes in invasion. The two-tailadqu t-test was used to analyse the
results for significant differences in the relativevasion of the ADAMTS knock-down

cells compared to the non-targeting knock-dowrscélean (+x SEM) is shown.

6.4 Discussion
This chapter described the use of calcium phospliptd-based transfection reagents
and electroporation for introducing siRNA and DNitd PC3 prostate cancer cells.,

and functional assays to analyse phenotypic changes
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SiRNA against ADAMTS-1 and ADAMTS-15 were used tarsiently knock-down
expression in PC3 cells, and DNA coding an shRN#usace against ADAMTS-1 was
used in an attempt to produce stable knock-dowls.cel

Comparison of the transfection methods showedthigalevels of knock-down achieved
was variable between experiments. Metafecteneaipid-based reagent, produced the
greatest knock-down effect but attrition of cellasvhigh. Dharmafect 2, also lipid-
based, produced inconsistent knock-down resultshiadt no obvious effect on cell
viability. Calcium phosphate transfection produagdrmediate results and also did not
have an obvious effect on cell viability. The Dhafectt 2 protocol utilised the greatest
amount of siRNA (2.5ug for Dharmafect 2 comparethvd.5pg for Metafectene Pro
and 0.4ug for calcium phosphate) per 30,000 cedisstected. The electroporation
protocol required 2pg of siRNA for 1 x 4®C3 cells, and produced high levels of
knock-down, making it the best method to use whanrmng to perform experiments
that required large cell numbers. For each of ta@sfection methods, comparing
expression levels in WT and non-targeting knock-doeells suggested that the
transfection process may have induced expressi®&MTS-1 and -15 (Figure 6.2).
The electroporation method produced the least isf nlon-specific effect. Based on
these results, the electroporation method was chftseknock-down of ADAMTS-1
and -15 for functional assays.

Stable knock-down of gene expression is preferédoidunctional studies because it
allows for experiments to be optimised and repeatgddout performing transfection
before each experiment. Attempts to produce staibek-down of ADAMTS-1 in PC3
cells were unsuccessful. The protocol for the pfsige 4.1-CMV knock-down system
(Invitrogen) involved selecting clones of cells sessfully expressing the selected

antibiotic resistance gene. This created unexpectmtfounding factor in results
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because WT PC3 cells hade a wide range of ADAMT&q4dression (Figure 6.4), for
reasons not understood. Differences in expressbmden transfected cells and controls
due to the variability could be mistaken for a sfie&nock-down effect. Presumably, if
there is an inherent variability in ADAMTS-1 expsém, there is likely to be variability
in the expression of other proteins and moleculéschv could be influencing cell
phenotype. Hence, differences in migration or irm@asnay not necessarily be due to
ADAMTS-1 expression levels. This was coupled with fact that cells transfected with
the DNA for the control vector did not survive afteansfection. It is unclear why the
cells did not survive. The plans for producing kaknock-down PC3 cells were
therefore abandoned in favour of a transient kramkn system.

Functional studies analysing the effect of ADAMTSwid ADAMTS-15 knock-down
on PC3 cell proliferation, migration and invasioeres perfomed using the SIGENOME
transient transfection system (Dharmacon, Thernghdf) with the electroporation
method. The disadvantage of transient knock-dovithastransfection of the cells with
SiRNA had to be done before each batch of expetsn®uration of knock-down was
variable but up to 50% knock-down was seen at D&ypdst transfection in some
experiments. Functional assays were started at ags western blotting showed
attenuation of ADAMTS-15 protein expression at thate point (Section 4.3.5). The
Boyden migration assay lasted 6 hours, the scratigiiation assay and the Boyden
invasion assay lasted 24 hours, and the proliteratissay lasted 5 days. Thus all the
functional assays were completed within 10 dayd passfection. The results of the
functional studies showed that there was no eftdcADAMTS-1 or ADAMTS-15
knock-down on proliferation, migration and invasaiPC3 cells. A simple explanation
for this would be that these biological functiome aot dependent on ADAMTS-1 or -

15 activity. However, it is possible that ADAMTSahd -15 activity are not manifested
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in in vitro settings, but requires the complex interactiorwbeh cancer and stromal
cells that can only be studied usingvivo models. In fact, a study on BZR lung cancer
cells showed that ADAMTS-1 over-expression had ffiece on proliferation, migration
and invasiornn vitro, but promoted tumour growth in mouse xenograftscie 2008).
The in vitro assays used by the authors were similar to thesel in this study.
ADAMTS-1 over-expression also induced a stromalctiea characterised by
recruitment ofa smooth muscle actinu{SMA) positive cells and higher collagen,
fibronectin, interleukin g (IL-1pB), transforming growth factds (TGF{$) and MMP-13
production (Rocks 2008). These findings provideher evidence of tumour-stromal
interactions in cancer progression. It may be tkabdck-down or over-expression
studies on ADAMTS-1 and -15 in prostate cancerscalingin vivo models could

reveal important functions for these proteinases.
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CHAPTER 7:
GENERAL DISCUSSION, LIMITATIONS, FUTURE WORK AND

CONCLUSIONS

7.1 General Discussion and Limitations

The aim of this work was to demonstrate proteolgativity in prostate cancer and
stromal cells and to investigate the role of ADAMI&nd -15 proteinases in prostate
cancer progression. ADAMTS-1 and -15 are the maghly expressed of the
ADAMTSs proteins in prostate cell lines (Cross 200Bue to the multi-domain
structure of the ADAMTSS, these proteinases cowddplaying a number of roles.
ADAMTS-1 has been more extensively studied than AMJI&-15. The role of
ADAMTS-1 as a proteolytic enzyme led to the hypsteghat ADAMTS-1 promotes
prostate cancer progression by cleaving ECM compusnereleasing sequestered
growth factors, and degrading the ECM to faciliteémcer cell migration and invasion.
The function of ADAMTS-15 is not yet known. It iomologous with ADAMTS-1
(Cal 2002), which suggests that it may have prdy@agase activity. However, reports
have provided evidence that ADAMTS-15 is more fkplaying an anti-tumour role in
breast and colorectal cancers (Porter 2006; Vid@@9). This led to the hypothesis that
ADAMTS-15 has an inhibitory effect on prostate canprogression by attenuating
cancer cell proliferation, migration and invasion.

Experiments in this study were designed firstlhghow evidence of proteolytic activity
in prostate cancer cells; secondly, to determinetiadr ADAMTS-1 and -15 expression
is regulated by DHT and TNF; and thirdly, analyise ¢ffect of ADAMTS-1 and -15 on

prostate cancer cell proliferation, migration andaision.
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7.1.1 Proteolytic Activity of Prostate Cells

Imaging of multicellular tumour spheroids of prdstaancer and stromal cells showed
evidence of proteolytic activity by invading andnAimvading cells. Stromal cells
emitted brighter fluorescence than cancer celldicating that stromal cells are active
players in ECM remodelling. Co-cultures of canced atromal cells and chemotaxis
assays showed that stromal cells released soldt@enatactic factors that attracted
cancer cells to the stromal cells. The cross-takwvben cancer and stromal cells is
proving to be important in cancer progression. élih not analysed in this study,
proteolysis is greatly enhanced in cancer cellewdtired with stromal cells (Sameni
2003; Sloane 2005; Sloane 2006; Sameni 2009). &traerlls have been shown to
migrate and invade collectively with cancer cellsl avere found to be at the leading
edge of the invading cell cluster (Gaggioli 200&gGioli 2008). It is likely that stromal
cells have a higher capacity for synthesis of ECArdding proteinases, and cancer
cells possibly are able to drive stromal cells xpress higher levels of pro-tumour
proteinases that facilitate tumour progressionerlatively, prostate stromal cells may
have the ability to alter cancer cell phenotypel facilitate the progression of tumours
by regulating the tumourigenic, migratory and invaspotential of cancer cells
(Thalmann 2010). The relative contribution of patstcancer and stromal cells to ECM
degradation warrants further study.

7.1.2 Detection of ADAMTS-1 and -15 Protein

Analysing protein expression of ADAMTS-1 and -1®g#nted a challenge during this
study. Antibodies that were commercially availadti¢he time of the study had not been
validated in published reports to my knowledge. &ation of custom antibodies was

considered to be beyond the scope of this study.
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Because of the multi-domain structure of the ADAMT 8e antibodies commercially
available were raised against peptide sequencemisigaa part of or a whole domain,
or multiple domains. The propeptide domain of ADASHTis usually cleaved early in
the Golgi apparatus before secretion (Bergeron 20éng 2004), hence probing for
the propeptide domain is a surrogate indicatorxpiression of the active proteinase.
The catalytic domain, as the name implies, exedheproteolytic programme. Probing
for this domain would give a more direct indicatiohthe amount of active proteinase
present. However other actions, for example argieggenic activity as a result of
VEGF binding, is effected by the thrombospondin aphcer domains in the C-
terminus. The C-terminal domains are processed @mdved off in the ECM
(Rodriguez-Manzaneque 2000), and so probing foCtterminal fragments would give
only limited information on the expression levelsdalocalisation of the catalytic
domain.

The main aims of this study included the deternmmatf the effect of androgen and
cytokine stimulation on ADAMTS-1 and -15 expressiamd to analyse the effect of
knock-down on prostate cancer cell phenotype. Thius, ideal antibody for these
purposes would be a polyclonal antibody able tedethe full length protein, with
bands of sufficient intensity to enable analysescbéinges in expression due to
treatment or knock-down. A search through the majdibody suppliers did not yield
any anti-ADAMTS-1 or -15 antibodies with these dedi specifications. Four
antibodies were selected (two against ADAMTS-1 sl against ADAMTS-15). The
anti-C-Terminal ADAMTS-1 antibody detected multighands, and the anti-catalytic
domain antibody detected a band of approximatekDa) which was not attenuated

with knock-down of ADAMTS-1 mRNA.
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A considerable amount of effort was put into detectof ADAMTS-15 protein
expression by western blotting using the anti-ADABMIS5 antibody raised against the
cysteine-rich domain. Techniques used included &arppeparation by cell lysis,
immunoprecipitation of cell lysate and conditionetedium, and heparin-agarose
precipitation of cell lysate and conditioned mediuifhe bands detected using
immunoprecipitation were found to be due to a pnofeom the protein A-agarose
beads, most likely protein A. This was a sourceeofor that precluded further
iImmunoprecipitation experiments. No bands were aetk with heparin-sepharose
precipitation using this antibody. The anti-ADAMTS- propeptide antibody
consistently detected a 50kDa band on western ,bletsch was attenuated by
ADAMTS-15 knock-down. Fluorescence immunocytochéngisusing this antibody
showed decreased fluorescence in ADAMTS-15 knoakrdeells.

The anti-ADAMTS-15 propeptide antibody was predictey the supplier to detect
ADAMTS-15 at a relative mass of 103kDa on westelotting. Western blot
experiments detected bands of 50kDa which is abalfithe relative mass expected for
the full length ADAMTS-15 protein, and twice thelattve mass of the propeptide
domain, which is approximately 22kDa. This suggésas ADAMTS-15 was processed
post-translationally by proteolytic cleavage yialglian N-terminal fragment of 50kDa,
implying that a cleavage site lies within the disgrin-like domain of ADAMTS-15
(Figure 7.1c). The sequence homology of ADAMTS-1l ADAMTS-1 (Cal 2002)
suggests that the ADAMTS-15 disintegrin-like domawhere we predict a cleavage
site lies, is a cysteine-rich domain with no diegrin activity (Gerhardt 2007).
ADAMTS proteinases are known to be C-terminallygassed (Rodriguez-Manzaneque
2000; Kashiwagi 2004), and it is likely that thernfio of ADAMTS-15 detected as

50kDa has lost its C-terminal ancillary domains taiains the propeptide and catalytic
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domains. The propeptide domain is thought to maintiae latency of the catalytic
domain, and activation of the catalytic domain iedmted by cleavage by proprotein
convertases such as furin (Bergeron 2000; Wang )2@®étention of the propeptide
implies that the catalytic domain of ADAMTS-15 rem&inactive and thus proteolytic
activity is muted. The full length ADAMTS-1 and tkkterminal region of ADAMTS-1
are reported to display pro and anti-metastatipgnties respectively (Kuno 2004; Liu
2006). The C-terminal region containing three thpospondin repeats and a spacer
(Figure 7.1) is responsible for the anti-angiogepioperties of ADAMTS-1 (Kuno
2004). This region of ADAMTS-1 is very similar tthd ADAMTS-15 C-terminal
cleavage product that is predicted in this studgufe 7.1), leaving propeptide and
catalytic domains of 50kDa which was detected anwtlestern blots. It is conceivable
that the potential proteolytic activity of ADAMTS51is muted because the propeptide
remains bound to the catalytic domain, and the r@iteal half of the molecule is
released to function as an inhibitor of angiogenesthe TME. It is generally accepted
that prostate cancer angiogenesis correlates wgbhase severity (Weidner 1993;
Revelos 2007). ADAMTS-15 could therefore be playiag anti-tumour role by

inhibiting angiogenesis.
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N-Terminus C-Terminus

a.)
1 2 3 4 5 6 7
1-Signal peptide, 2-Propeptide domain, 3-Proteolytic domain, 4-Disintegrin-like
domain, 5-Thrombospondin domain, 6-Cysteine-rich domain, 7-Spacer region
Furin Cleavage Site
(Argzu_ Phe213)
b.) |
Predicted Cleavage Site
(Pr°460_ cys470)
c.) .| ) o
50kDa 53kDa
d.)

Figure 7.1: Domain structure of ADAMTS-15 and samily of predicted cleavage
products with ADAMTS-1. (a) is a schematic diag@nthe domains of the full-length
ADAMTS-15, (b) shows the furin cleavage site arel pglhoducts that would result.
Western blots did not detect a propeptide fragnoé22kDa as would be expected from
cleavage at this site, (c) shows the approximatgtiom of the predicted cleavage site
that would produce a 50kDa propeptide fragment ctetd on western blots, and the
structure of the C-terminal region that would beasted off. (d) Is a schematic diagram

of the C-terminal region that is responsible fore tlanti-angiogenic activity of
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ADAMTS-1. The predicted C-terminal cleavage prodiwrh ADAMTS-15 (c) is similar

in structure to the anti-angiogenic region of ADASAT.

Somatic mutations oADAMTS15have been identified in breast and colorectal eanc
cells (Sjoblom 2006; Wood 2007; Viloria 2008DAMTS15mutations in colorectal
cancer cells predict that shortened, mutant forhsADAMTS -15 are produced
(Viloria 2009). No mutations of ADAMTS-15 have beegported in prostate cancer
cells, but this could be a possible alternativelaxation for the detection of a 50kDa
ADAMTS-15 protein. Splice variants of ADAMTS-9, -1318 and -20 have been
detected, which predict expression of proteinsarfywmg lengths (Nicholson 2005). No
such splice variants have been reported for ADAMBSbut alternative splicing could
also explain the detection of a 50kDa form of ADASFL5.

7.1.3 Androgen Reqgulation of ADAMTS-15 and TIMP-3

The AR axis is important in prostate cancer patlgehtogy. Normal prostate epithelial
cells depend on androgen for growth stimulatiom{®a&rg 1980). Prostate cancer cells
are initially dependent on androgen and regressnwhaedrogen stimulation is
withdrawn (Huggins 1942; Lee, E.C. 2004). When hmmenrefractory cells evolve, AR
signalling is still found to be active (SchrodeO3).

Hormone refractory progression is thought to beugh one or a combination of the
following mechanisms. 1.) Up-regulation of AR or-emgulator expression, causing
increased sensitivity to the low concentrationgiofulating androgen (Koivisto 1997,
Gregory 2001; Linja 2001). 2.) Mutations in the ARading to ligand promiscuity and
aberrant signalling by other steroid hormones, gnofactors and antagonists such as
Flutamide (Veldscholte 1990; Culig 1996; Taplin 29%hao 2000; Hu 2009). 3.)

Mutations in the AR causing the AR to be constueity ‘switched on’ in a ligand-
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independent manner (Hu 2009) 4.) Up-regulationerfgg converting adrenal steroids
to testosterone or de novo synthesis of testostetyn cancer cells and autocrine
stimulation (Titus 2005; Stanbrough 2006; Mostaglz€l07; Locke 2008). The
realisation that prostate cancer tumours progrgs$aspite ADT, either in the form of
medical or surgical castration, actually remainragdn dependent has led to a gradual
change in terminology from ‘hormone-refractory pabs cancer’ (HRPC) to
‘castration-resistant prostate cancer’ (CRPC).

Because of the importance of AR signalling in pasicancer progression, the effect of
DHT on ADAMTS-1 and -15 was analysed. ADAMTS-15t mot ADAMTS-1 was
regulated by DHT in LNCaP cells. DHT significantpwn-regulated the expression of
ADAMTS-15 approximately five-fold, with the maximatown-regulation at a
concentration of 1nM. This concentration has beported in previous studies to be the
optimal concentration for DHT stimulated growthLINCaP cells(Lee 1995; Okamoto
1997; Sherwood 1998). Thus the expression of ADAMDbB is lowest at a
concentration of DHT that stimulates maximal pendtion. The implication of this is
not clear but it suggests that low ADAMTS-15 expgies is associated with increased
LNCaP cell proliferation. TIMP-3 expression was caldown-regulated by DHT,
implying that DHT attenuates the inhibitory effe¢{TIMP-3 on metalloproteinases.
Long term management of prostate cancer usuallplveg androgen deprivation.
Control of tumour growth at the cellular level mag partly due to higher expression of
ADAMTS-15 and TIMP-3 expression in the androgenroegal state. Androgen
deprivation treatment causes depletion of circa¢pindrogens, a situation which could
increase ADAMTS-15 and TIMP-3 expression. This wdoctbnceivably result in down-
regulation of proteolytic activity in the ECM anavbur maintenance of normal prostate

tissue architecture. The effect of flutamide was inokeeping with its function as an
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AR antagonist (Peets 1974), as it did not revdreeetfect of DHT. LNCaP cells have a
mutation in the AR ligand binding domain in whidiréonine is changed to alanine at
position 868 (T868A), leading to AR activation bytdmide (Veldscholte 1990; Culig
2001). The T877A mutation identified by Suzuki étia AR from prostate cancer
tumours was found to be identical to the T868A maiain LNCaP cells (Suzuki
1996). Other AR mutations have been identifiedumaurs of patients with prostate
cancer (Taplin 1995). Up to 68% of prostate campadrents with disease progression
while on treatment with flutamide experience digeasmission when flutamide is
withdrawn (Dupont 1993; Scher 1993; Herrada 1926td® 2008). This phenomenon is
known as the ‘Anti-androgen Withdrawal Syndromeydgrovides clinical evidence
that mutations in the AR of prostate cancer cefisld lead to aberrant activation by
flutamide.

Using anin silico method, the genes for ADAMTS-1 and ADAMTS-15 weoeeened
for the presence of putative AREs. This revealed ARE in the ADAMTS-15 gene
promoter and 12 in the gene sequence. The preséidREs provides a mechanism for
the regulation oADAMTS15expression by androgen. However, the effect of@geh
could also occur via the action of intermediary ragen-regulated proteins that are
involved in regulation oADAMTS1Sranscription. Another possible explanation fa th
down-regulation by DHT of ADAMTS-15 and TIMP-3 mRN&xpression could be that
the action of DHT may be mediated through pathvibgs are independent of the AR,
hence the inability of flutamide to antagonise iifect. Testosterone and DHT induce
rapid increases in intracellular calcium in prostatincer cells through non-genomic
mechanisms (Lyng 2000; Sun 2006). Testosteroneiathaes rapid vasodilation that

is not inhibited by flutamide (Yue 1995; Jones 2008p-areenan 2002). This suggests
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the possibility that calcium influx into LNCaP celtreated with DHT may be an
alternative mechanism of ADAMTS-15 and TIMP-3 regidn.

7.1.4 TNFE Requlation of ADAMTS-15 and TIMP-3

Cancer-related inflammation has been of interesesearchers for many years, dating
back to Virchow in 1863 (Balkwill 2001). Virchowr$t identified the presence of
inflammatory cells within tumours. TAMs secrete @y proteinases, MMPs, and an
assorted array of cytokines including TNF, intekies and interferons (Wahl 1998;
Kuper 2000). TAM density in prostate tumours hagrbshown to predict disease
progression in patients treated with hormone the(Alonomura 2011). The activity of
TAMs could either be pro or anti-tumour. TAMs mag tytotoxic following activation
(Brigati 2002; Tsung 2002), but on the other handynproduce angiogenic and
lymphangiogenic proteinases and cytokines whichmpte tumour progression
(Schoppmann 2002). Taking TNF as an example, bgndimd activation of the TNF
receptor 1 (TNFR1) could induce pathways that leachflammation and cell survival
via TNF receptor-associated factor 2 (TRAF2) pathwa could induce apoptosis via
the FAS-associated death domain (FADD) pathwaykiBi#l2009). The role of TNF in
prostate cancer progression is not clear. Evengthdioe name ‘tumour necrosis factor’
suggests anti-tumour activity, some studies hawvshthat the serum level of TNF
required to cause decline in tumour growth coutb dle toxic to the patient (Balkwill
1992), and TNF may even promote tumour growth iriage situations (Malik 1992;
Szlosarek 2006). Macrophages infiltrating the tumsite release cytokines locally as
part of the inflammatory reaction to the presentthe tumour (Coussens 2002). This
could explain the elevated levels of TNF in pasewtith advanced prostate cancer

(Michalaki 2004).
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Treatment of PC3, LNCaP and BPH45 cells with TNevetd that ADAMTS-15
MRNA expression was down-regulated by TNF in LN@aB BPH45 cells, and TIMP-
3 mMRNA was down-regulated in BPH45 cells. It is defar what pathway mediates the
regulation of ADAMTS-15 and TIMP-3 but it is poshlibvia the action of nuclear
factor«kB (NF«B), a transcription factor that regulates the tcaipsion of humerous
genes including many proteinases (Hoffmann 2006¢. dnline transcription factor tool
CONSITE (www.phylofoot.org/consite) (Lenhard 20@@3ntified three NReB binding
sites in theADAMTS1 promoter, four in theADAMTS15promoter, and four in the
TIMP3 promoter. ADAMTS-1 was not regulated by TNF, ewbdough it has been
regarded as an inflammation related proteinase ¢Kue97).

Kuno et al found that ADAMTS-1 expression was ugdlated by IL-1 in colon
carcinoma cellsn vitro and by LPS in heart and kidney tissnevivo (Kuno 1997).
ADAMTS-1 expression was also up-regulated by fLih human uterine decidual
stromal cells (Ng 2006) and by TNF in ARPE-19 ratipigment epithelial cells (Bevitt
2003). Regulation of ADAMTS-1 by cytokines in praig cancer cells has not been
reported. It could be that ADAMTS-1 is regulated dygokines other than TNF in the
prostate cancer TME.

7.1.5 ADAMTS-1 and -15 Gene Silencing and Functidsssays

Silencing of gene expression using RNA interfereisca valuable method of studying
the function of specific proteins. RNA interferenoethe study of gene function began
with the use of antisense RNA to knock-down gengression (Izant 1984). Double-
stranded RNA was later found to be more potent tiagle stranded antisense RNA at
silencing gene expression (Fire 1998; Montgomer§8)9and has been adapted to the
systems currently available (Sandy 2005). siRNAnisoduced into the cell either

directly by transfecting ready-made siRNA (transigansfection), or by transfecting
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DNA coding for the desired siRNA sequence, whichnisorporated into the nucleus
and constitutively expresses the desired siRNAblst&ransfection) (See Figure 2.4).
Both systems have advantages and disadvantagesmaime advantage of transient
transfection is that it is relatively quick to agb, with the protocol involving fewer
steps than are required for stable transfectiore disadvantage is that the effect of
knock-down is progressively lost with each sucaessiitotic event due to dilution and
degradation. This leaves a relatively short windomstudying phenotypic changes due
to gene silencing.

Stable knock-down generates clones of cells thastdatively express the desired
siRNA along with resistance to a selected toxin gadses the trait to successive
generations of daughter cells. Constant selectiesspire has to be maintained using the
toxin, usually an antibiotic. The constitutive eggsion of the siRNA enables long-term
gene silencing, allowingn vitro andin vivo experiments to be performed over weeks
and months. The protocol for stable transfectioloinger, as more steps are required.
Stable knock-down of ADAMTS-1 in PC3 cells was &stad in this study, but a source
of error was detected.

Knock-down using the p-silencer system involvedaniag step after the cells were
transfected and selected with antibiotics. Subedoof PC3 cells had wide variations in
their expression levels for ADAMTS-1. Other proteifor example, osteoprotegerin
(OPG), also show wide variations in expression evghout any attempts being made
to modulate expression (Dr Neil Cross, pers commummder these circumstances,
experiments done with PC3 cells after any procésdoning is likely to be subject to
error since there will not be certainty as to wietthe differences in expression of the
protein of interest is inherent to the cells agsult of being from different sub-clones,

or as a result of modulation of expression. If difeerence in expression is inherent, it
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could be assumed that there may be inherent diiteein expression of other proteins
too. As such, any differences in phenotype maybeattributed solely to the activity of
the silenced gene.

In this study, ADAMTS-1 and -15 expression was srantly down-regulated in PC3
cells using double-stranded siRNA. Tinevitro assays used did not identify a role for
ADAMTS-1 or -15 in proliferation, migration and iasion. It is possible that these
results truly represent the situation in prostaecer tumoursn vivo. However, there
are a number of alternative explanations for this. possible thain vitro assays do not
sufficiently replicate the TME, and the presencestobmal cells, endothelial cells and
inflammatory cells is required for activity of ADANMG-1 and 15 to be manifested.
Rocks et al found that ADAMTS-1 over-expressiorBiR bronchial carcinoma cells
had no effect on cell proliferation, migration ang@asion usingn vitro assays (Rocks
2008). In vivo assays in severe combined immunodeficiency (SGiige showed
increased tumour sizes in ADAMTS-1 over-expressB¥R tumour xenografts and
infiltration of host stromal cells. This impliesahADAMTS-1 activity in tumours is
effected via recruitment of stromal cells, and expd why no effects were seen using
monoculturen vitro assays. In contrast to these findings, ADAMT S¢éreexpression
in SCP20 breast cancer cells (a derivative of tlBAMD-231 cell line) did not lead to
an increase in cell proliferatian vivo in nude mice (Lu 2009). Nim vivo assays were
perfomed in this study due to the fact that stddsleck-down did not yield desirable
results as explained earlier. Another possibleangtion is that the sequence homology
between ADAMTS-1 and -15 (Cal 2002) and the faet thoth proteins evolved from
the same ancestral ADAMTS protein could mean thay tplay mutuallyredundant
roles in prostate cancer cells. Hence down-reguiadf one or the other would lead to

no phenotypic changes. Functional redundancy betwdeer homologous ADAMTS
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enzymes for example ADAMTS-4 and -5 in arthritis Im@ot been demonstrated because
Adamts5but notAdamtslor Adamts4dknock-out mice are protected from developing
arthritis (Glasson 2004; Glasson 2005; Little 20@®anton 2005), but redundancy
between ADAMTS-1 and -15 has not been investigadddAMTS-1 and -15 are the
most abundantly expressed ADAMTSs in prostate célsoss 2005), and so
simultaneous knock-down may be required to revieahges in phenotype.

7.1.6 Relevance of ADAMTS-15 Cleavage Products

Western blot experiments revealed what may wel lpossible role for ADAMTS-15.
If, as is predicted, ADAMTS-15 has a cleavage ait®rd®® — Cy$’°, the C-terminal
fragment would be similar to the anti-angiogeni¢e@ninal of ADAMTS-1. Protein
sequence alignment of CY8 - Cys™® of ADAMTS-15 and Hig*® — Sef®’ of
ADAMTS-1 showed that 47% identity of 436 residuesrapped, with conservation of

the cysteine residues predicting similar secondanctures (Figure 7.2).
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ADAMTS-15, 456 SKPCP-YMDYCTKLWC TGKAKGOMVCOTRHEFPWAD GT SCGCEGKLCLKEACVER HNLNKHR

ADAMTS-1 , 496 SKHCPDAASTCSTLWCTGTSGGVILVCQTKHEPWADGT SCGEGRWCINGKCVNK TDRKHED
*k Kk *  kkkkn *  kkkk whkkkkkkkkhkrkh k kA%

ADAMTS-15, 515 VD--GSWAKWDPYGPC SRTCGGGVQLARRQCTNPT PANGGKY CEGVRVKYR SCNLE PCPS
ADBMTS-1, 556 TPFHGSWAIWGPWGDC SRTCGGGVOYTMRE CDNPV PRKNGGKY CEGKRVRYR SCNLEDC FD
o* %ok * ok ok kokedkdk ok ko ek d ok kk ok ke kv hk ok kk hkokkokkdk ko

ADAMTS-15, 573 SASGKSFREEQCEAFNGYNHSTNRL TLAVAWVPKY SGVSPRDKCKL ICRANGTGYFYVLA

ADAMTS-1 , 616 N-NGKTFREEQCEAHNEFSKASFGSGPAVEWI PRY AGVSPKDRCKL ICOAKGIGYFEVIQ
*k kkkkkkkh * *k ok kkk kkkk * khkkkk * k kkk *kw

ADAMTS-15, 633 PKVVDGTLC SPDST SVOVQGKCIKAGCDGN LG SKKRFDKCGY CGGDNKS CKKV TGLFTKP
ADAMTS-1, 675 PKVVDGTPCSPDSTSVCOVQGOCVKAGCDRI ID SKKKFDKCGVCGGNGSTCKKI SGSVT SA
khk khkk kk kkdkk ok kkkdhdk ok % kkkkdk dedkde  d sk keok ok ek ok d ke % * *

ADAMTS-15, 693 MHGYNFVVAIPAGASSIDIRORGYKGLIGDDNYLAIKNSQGKYLINGHFVV SAVERDLWVV

ADAMTS-1 , 735 KPGYHDIITIPTGATNIEVKORNORGSRNNGSFLA TKAADGTYIINGDY TLSTLEQDIMY
** *k Kk ok ** * *k K * ok kk %k * ok ok

ADAMTS-15, 753 KGSLLRYSGTGTAVESLOASRPIIEPLTVEVLSVGKMTPPRVRY SFYLPKE PREDKSSHP
ADAMTS-1, 795 KEVVLRY SGSSAALERIRSFSPLKEPLTIQVLTVGNALRPKIKY TY FVKKKKE S——————
*% % sk ok * % * & ek kk ke * * *

ADAMTS-15, 81 3 KDPRGPSVLHNSVLSLSNOVE QPDDRPPARWVAGSWGPC SASCGSGLOKRAVDCRGSAGY
ADAMTS-1, 849 -—-——-———FNAIPTFS-————-———-——-AWVIEEWGEC SKSCELGWORRLVE CRD INGQ
* * *k *k kk *k * * ¥ & kK *k

ADAMTS-15, 873 RTVPACDAAHRPVE TQACGE-PCPTWEL SAWS PCSKS CGRGE QRRSLKCVGHGGRLLARD

ADAMTS-1, 888 -PASECAKEVKPAS TRPCADHPCPOWOLGEWS SCSKTCGKGY KKRS LKC LSHD GGV LSHE
* * % % dkde ok ek bk ke * ek kden Kk k%

ADAMTS-15, 932 QCNIHRKPQE-LDECVLRPC
ADAMTS-1, 947 SCDPLKKPKHFIDFCTMAEC
* * % *k & *

Figure 7.2: Protein sequence alignment of the Q@nieal half of ADAMTS-15 and
ADAMTS-1 showing the similarity between the predidC-terminal cleavage product
and the anti-angiogenic C-Terminal fragment of ADF®A1. The protein sequences
were obtained from the Ensembl website (www.ensergpbnd the sequences aligned
using the online sequence alignment tool, SIM (vewxpasy.ch/tools/sim-prot.html).

The conserved cysteine residues are highlighteplag.

The role of ADAMTS-15 in angiogenesis has not beerestigated. ADAMTS-1 is
known to be anti-angiogenic. Gustavsson et al hsitglied the expression of
ADAMTS-1 in prostate cancer and the correlationhwmarkers of angiogenesis and

found that decreased ADAMTS-1 expression correlatiéls increased micro-vascular
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density (MVD) (Gustavsson 2009). The role of ADAMIS in angiogenesis in

endothelial and prostate cancer cells deservdseiustudy.

7.2 Future Work

The results from the experiments carried out dutimg study have answered some
important questions. However some lines of invesition could not be pursued during
the limited time period.

Given the chemotactic effect of stromal cell coltied media on prostate cancer cells,
and the reported role of epithelial-stromal celleractions in cancer progression, an
analysis of the changes in expression of ADAMTSHO al5 with stromal cell
conditioned media would provide important informatiabout possible mechanisms of
regulation of ADAMTS expression. Three dimensionalture models more closely
represent the in vivo environment than monolayetucel on plastic. The scratch
migration assays and the Boyden chamber invasisayasised in this study employed
the use of ECM gels to provide a biological scaffahd barrier respectively. Three
dimensional models for functional assays coulduréhér developed and validated for

use in experiments in which monolayer culture wdaddnadequate.

The work in this thesis did not include an investign of the role of ADAMTS-1 and -
15 in angiogenesis, and also did not study theceffé simultaneous knock-down of
ADAMTS-1 and -15. In vivo models were not used to study the effect of ADAMI'S
and -15 knock-down on tumour progression. Futurekvahould be directed towards
the following goals. 1.) To analyse the effect omw@taneous knock-down of
ADAMTS-1 and -15 on proliferation, migration andrasion and angiogenesis using

vitro andin vivo assays. 2.) To further characterise the cleaveapupts of ADAMTS-
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15 to determine where the cleavage sites lie. Bi¢rGthe possibility that the cleavage
products of ADAMTS-15 may have anti-angiogenic pdies, the role of the
fragments in angiogenesis should be investigat@mus vitro andin vivo assays. A
number of assays have been described for measamgiggenesis and the effect of ant-

angiogenic molecules (Staton 2004).

ADAMTS-15 was expressed in relatively small amountghe PC3 and LNCaP cell
lines used in this study. Real-time RT-PCR expentweyielded ACr values of
approximately 11 for ADAMTS-15 when normalised wi@APDH, and in western
blotting experiments 100ug of protein was loadedach lane for ADAMTS-15 bands
to be detected. Therefore future functional assaysd include an investigation of the
effects of ADAMTS-15 over-expression on the phepetyf prostate cancer cells.

The Gleason score remains the most accurate pseditprognosis in prostate cancer
(Albertsen 1998; Buhmeida 2006). ADAMTS-1 expressie reported to have no
correlation with Gleason score (Gustavsson 2009alysis of ADAMTS-1 and -15
expression in clinical samples was not undertakaemng this study, due initially to
difficulties encountered with validation of the AN S-1 and -15 antibodies, and then
because of time constraints. Immunohistochemisiryldcalisation and quantification
of ADAMTS-15 would be a logical experimental steping the Abcam ab45047
antibody. Analysis of the correlation between ADASBFLS expression and Gleason
score in prostate cancer tissue would determinghghehis proteinase is a promising
candidate diagnostic or prognostic marker. Theafigkiorescence in-situ hybridisation
can be explored for large through-put expressi@iyars, in conjunction with real-time

RT-PCR and western blotting (Calvo 2003; Dress£3).
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7.3 Conclusions

This thesis presents work aimed at analysing tleeabADAMTS-1 and -15 in prostate
cancer progression. Prostate cancer and strombl erécute proteolysis of ECM
components as tumours grow, migrate and invadsuheunding ECM. Expression of
ADAMTS-1 is not regulated by the prostate growtbtda, DHT, in androgen sensitive
LNCaP prostate cancer cells. Expression of ADAMTBSahd the metalloproteinase
inhibitor, TIMP-3 are down-regulated by DHT. Thiaggests that ADAMTS-15 and
TMP-3 expression do not favour prostate cancer ressgon. The action of DHT is
possibly via binding of activated AR to AREs assteil with theADAMTS15and
TIMP3 genes. The cytokine, TNF, down-regulates ADAMTSekpression in LNCaP
and stromal cells and TIMP-3 expression in strooadls. ADAMTS-1 expression was
not regulated by TNF. This implies that inflammatia the TME would down-regulate
the expression of ADAMTS-15 and the metalloproteéanhibitor, TIMP-3. These
findings suggest an anti-tumour role for ADAMTS-1However, knock-down of
ADAMTS-1 and -15 expression in PC3 cells had necfion proliferation, migration
and invasion usin@ vitro assays, suggesting that cancer-stromal cell ctierss may
be required for effects of knock-down to be obseéni@etection of a 50kDa pro-peptide
containing fragment of ADAMTS-15 suggests the re¢eaf a C-terminal fragment with
anti-angiogenic properties. These findings indichtg ADAMTS-15 may have an anti-
tumour role for ADAMTS-15. This warrants furtheudy of ADAMTS-15 inin vivo

assays, with an emphasis on angiogenesis.
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ABSTRACT

Prostate cancer is a major cause of mortality, largely as a consequence of metastases and
transformation to androgen-independent growth. Metalloproteinases are implicated in cancer
progression. A disintegrin and metalloproteinase with thrombospondin motifs (ADAMTS) are
expressed in prostate cancer cells, with ADAMTS-1 and ADAMTS-15 being the most abun-
dant. ADAMTS-15 but not ADAMTS-1 expression was downregulated by androgen in LNCaP
prostate cancer cells, possibly through androgen response elements associated with the gene.
ADAMTS-15 expression is predictive for survival in breast cancer, and the situation may be sim-
ilar in prostate cancer, as androgen independence is usually due te aberrant signaling through

its receptor.

INTRODUCTION

Prostate cancer is the most common cancer in men in the
Western world and second only to lung cancer as a cause of
cancer death in men (1, 2). Approximately 30% of men diag-
nosed with prostate cancer will die of the disease (3), usually as
a result of metastases. The exact mechanisms by which cancer
cells invade and melastasize are not clear. but some metallo-
proteinases are thought to play roles in the process of cancer
progression (4, 5).

Prostate epithelial cells depend on androgens for proliferation
(6). Testosterone from the circulation is converted in the prostate
by 5-g-reductase to dihydrotestosterone (DHT), the androgen
that is most active in prostate tissue (7, 8). Androgen deprivation
therapy (ADT) in the form of surgical or medical castration is
used in the management of locally advanced., metastatic, or
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relapsing disease, Androgen deprivation leads to reduction in
the size of local tumors and the size and number of metastatic
deposits (9. ADT reduces serum androgen concentration from
aboul 2 nM to undetectable levels (10, 11), which has an adverse
effect on hormone-sensitive prostate cancer cell survival and
slows the development and progression of prostate cancer.

Androgen-regulated gene expression is mediated via the
action of nuclear receptors. The activated androgen receptor
translocates from the cytoplasm to the nueleus, where it binds
to androgen response elements (AREs) located in preximity to
androgen-regulated penes. AREs are |5-base-pair (15-bp) DNA
sequences comprising two 6-bp half-sites separated by a 3-bp
spacer. The sequence 5-GGATACAnnnTGTTCT-3' has been
described as the consensus ARE (12); but there is considerable
variation in the sequence and configuration of AREs located in
association with androgen-respansive genes (13).

A disintegrin and metalloproteinase with thrombospondin
motifs (ADAMTSs) are 2 group of proteolytic enzymes be-
longing to family M12 in protease clan MA of the MEROPS
database (www.merops.sanger.ac.uk) (14) and thus are homolo-
gous Lo a disintegrin and metalloproteinase and matrix metallo-
proteinases ( 15). There are 19 ADAMTS enzymes in the human
genome, which play diverse roles in the tissues in which they
are expressed (16). ADAMTS-1 is essential for normal devel-
opment of the uropenital tract in mice (17) and for ovulation
(18), and ADAMTS-1 and ADAMTS-8 have antiangiogenic
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properties (19). ADAMTS-5 has been implicated in cartilage
breakdown in arthritis (20, 21). ADAMTS-2. ADAMTS-3. and
ADAMTS-14 are procellagen N-peptidases (22), and
ADAMTS-13 has been identified as the von Willebrand factor
cleaving protease that is an important pari of the blood coagula-
tion cascade (23). Expression levels of ADAMTS proteases in
prostate cancer and stromal cells have been reported previously
(24). ADAMTS-1 and ADAMTS-15 were the most abundantly
expressed in each of the prostate cancer and stromal cell lines
investigated, but their role in prostate cancer development and
progression is nol known.

Owing to homology with ADAMTS-1, ADAMTS-15 is pre-
dicted to have proteoglycanase properties (25). However the
ADAMTSs undergo C-terminal proteolytic processing (26).
which affects their localization and activities. and the multi-
ple domains could be playing different roles, as is the case with
ADAMTS-1, in which the proleolytic domain is responsible for
aggrecanase activity, while the C-terminal domains are required
for antiangiogenic activity (27).

Decreased ADAMTS-15 expression in malignant breast tu-
mors correlates with poor patient prognosis (28), suggesting that
ADAMTS-15 may be playing a protective role in breast cancer
patients. As is the case with prostate cancer, breast cancer is a
disease in which hormone deprivation plays a role in manage-
ment, with the use of estrogen receplor antagonists in patients
with estrogen-receplor-positive tumors (29).

In order to further understand the potential roles of
ADAMTS-1 and ADAMTS-15 in prostale cancer progression,
we sel out (o test the hypothesis that the expression of ADAMTS-
| and ADAMTS-135 is regulated by androgens in prostate cancer
cells. Owing to their possible proteolytic and antiangiogenic ef-
fects, such a scenario might sugpest that these proteases play
important roles in prostate cancer progression.

MATERIALS AND METHODS
Cell culture

The androgen-sensitive LNCaP prostate cancer cell line (30)
was used to test the effects of DHT on ADAMTS expression.
The cells were plated into 24-well culture plates al a density of 1
% 10* cellsfwell for RNA extraction and in 6-well culture plates
at 5 x 10* cellsiwell for protein extraction. Cells were grown to
approximately 60% confluence in Dulbecce’s modification of
Eagle’s medium supplemented with 10% fetal calf serum. 100
units/mL penicillin, 100 pg/mL streptomycin, and 0.25 pg/ml
amphotericin B, at 37°C in a humidified atmosphere of 5%
C0O,. Medium was changed to serum-free DCCM (Biological
Industries. Kibbutz Beit HaEmek. Israel), supplemented with 2
mM L-glutamine. and cells were allowed to acclimatize to the
new medium for 48 hr. The medium was then removed, and
cells were treated in fresh DCCM medium for 24 hr with DHT
(Sigma) or with flutamide (Sigma, Poole, UK}, a nonsteroidal
androgen receptor antagonist. LNCaP cell proliferation is max-
imally stimulated by DHT at concentrations between | and 10
nM (8, 30-32). To cover the range between castrate levels and

maximal DHT stimulation, treatment doses of 0.1, 1.0, and 10
nM DHT were used. To determine whether an excess of flu-
tamide would inhibit the effect of DHT, LNCaP cells were also
treated with 1 pM Autamide or 10 nM DHT + 1 M flutamide.
DHT and flutamide were dissolved in 0.1% ethanol. The con-
trol arm was treated with 0.001% ethanol, as this was the final
concentration of ethanol in the treatment arms,

RNA extraction and cDNA synthesis

For mRNA expression analysis, DHT treatment was carried
out for 24 hr, This time point was used because previous experi-
ments analyzing regulation of ADAMTS-15 had shown respon-
sive changes in expression by this time point {24}, The medium
was removed, and TRI Reagent (Sigma) was applied to the wells
Lo lyse the cells, using the supplier’s protocol. The resulting cell
lysate was stored at —80°C, awaiting RNA extraction. Total
RNA was reverse-transcribed to cDNA with reverse transcrip-
tase II (Invitrogen, Paisley. UK) using the supplier’s protocol.
Reactions for cDNA synthesis were run on a GeneAmp PCR
System 9700 (Applied Biosystems). The thermal cycle was set
at 2500C for 2 min, 42°C for 50 min. and 70°C for 15 min
and was then cooled to 4°C. Furthermore, cDNA was stored
at —20°C until ready for use in real-lime reverse-transcriptase
polymerase chain reactions {RT-PCRs).

Real-time RT-PCR

Real-time RT-PCR was run in [0-puL reactions in dupli-
cate. using 384-well plates on the ABI Prism 7T900HT se-
quence detector with SDS 2.1 software (Applied Biosystems).
TagMan gene expression assays (Applied Biosystems) were
used. Each assay contained a proprietary primer probe with
a b-carboxyfluorescein reporter and a quencher. Further, 5
L of TagMan master mix (Applied Biosystems, Warrington,
UK}, 0.5 puL. of TagMan gene expression assay. 2.5 uL of
diethylpyrocarbonate-treated waler, and 2 pl of cDNA were
mixed in each well. The thermal cycle was set at 95°C for 5
min, and then 40 cycles were set at 95°C for 15 s and 60°C
for 60 5. Independent ¢cDNA samples were also analyzed us-
ing SYBR Green assays (Applied Biosystems). Each reaction
consisted of 5 L of 2x SYBR Green mastermix as supplicd,
50-1,000 nM of each primer, and 1 gL of cDNA and made up
to a final reaction volume of 10 uL with diethylpyrocarbonale-
treated water.

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) or
RNA polymerase II (RNAP) were used as the endogenous
housekeeping genes to normalize between samples (33). Assay
IDs of TagMan assays were as [ollows: HsD0199608_mL
for ADAMTS-1, Hs00373520.mL  for ADAMTS-15,
Hs004268539_gl.  for  prostate-specific  antigen  (PSA),
Hs99999905_mL for GAPDH, and Hs00992801_mL for RNAP.
Primer sequences for SYBR Green experiments were as follows:
for ADAMTS-1, forward 5-GCACTGCAAGGCGTAGGAC
and reverse  5-AAGCATGGTTTCCACATAGCG:  for
ADAMTS-15. forward 5-TCCTCTTCACCAGGCAGGAC
and reverse 5'-GGTCACACATGGTACCCACATCA; and for
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?able 1.  Sequence Data for siGENOME SMARTpool siRMA From Dharmacon, Showing the Segquence |D and the Nucleofide Sequence for

Each of the sIRNA Duplexes
Gene SMARTpool ID Sense/Antisense Sequence
ADAMTS15 D-005766—01 Sense 5-GCGCGGACCUGGAACAUUAUU
Antisense F-UAAUGUUCCAGGUCCGCGCUU
D-005766—03 Sense 5-CUGCGACGCUGCUUCUAUUUU
Antisense 5-AAUAGAAGCAGCGUCGCAGUU
D-005766—04 Sense 5-CCAAGCGUUUCGUGUCUAUUY
Antisense 5 -AUAGACACGAAACGCUUGGUU
D-005766—05 Sense F-GCAAGAAGGUGACUGGACULL
Antisense 5-AGUCCAGUCACCUUCUUGCUU

GAPDH, forward 5-GCTCCTCCTGTTCGACAGTCA and
reverse 3"-AACTTCCCCATGGTGTCTGA. Expression levels
of mRNA in the treated cells relative to the control cells were
determined using the 2-A50 method (34). This allowed the
nermalization of the expression levels of the gene of interest in
individual experiments.

Protein extraction

For protein extraction, cells were treated with DHT and
flutamide for 72 hr. afier which medium was removed and
cells were gently washed with phosphate-buffered saline. Tris-
buffered saline was mixed with 0.01% Triton X-100 at 4°C in a
volume ratio of 100:1 with protease inhibitor cocktail {Sigma)
conlaining 4-(2-aminoethy)benzenesulfonyl Auoride, pepstatin
A, bestatin, leupeptin, aprotinin. and trans-epoxysuccinyl-L-
lencylamido(4-guanido)-butane (E-64) according to the sup-
plier’s protocol. Each well was applied with 200 uL of the
mixture for 1 hr at 4°C (o lyse the cells. The lysale was cen-
trifuged at 12,000 x g for 10 min at 4°C. The supernatant was
removed and saved, while the pellel containing cell debris was
discarded. The supernatant was stored at —40°C, awailing pro-
tein quantification and Western blotting. Protein quantification
was achieved using the MicroBCA assay (Pierce, Loughbor-
ough, UK) according to the manufacturer’s protocol.

Characterization of an antibody to the
propeptide of ADAMTS-15

We are unaware of any publications describing the speci-
ficity of an antibody 1o ADAMTS-15. It was therefore essential
that we first characterized a commercial antibody before we
could go on to use it in this study. This was achieved by siRINA
knockdown of ADAMTS-15 expression and then analysis of
changes in protein expression by Western blotting. using a rab-
bit antibody directed against the propeptide of ADAMTS-15
{Abcam, Cambridge. UK. ab45047). In addition, siGENOME
SMARTpool siRNA against ADAMTS-15 was synthesized by
Dharmacon (Epsom, UK). Each SMARTpool siRNA vial con-
tained a pool of four different siRNA sequences directed against
the gene of interest (Table 1). GAPDH was knocked down to
serve as a positive control, and a nontargeting siRNA sequence
(NTC) bearing no identity to any sequence in the human genome
was transfected into cells in a separate set of wells as a nepative

control. The sequences of the positive and the negative control
were proprietary. GAPDH and NTC experiments were carred
out using siCONTROL GAPD (cat. no. D-001140-01-05) and
sICONTROL nontargeting siRNA {cat. no. D-001206-13) re-
spectively. The cells were transfected in DharmaFECT 2 Trans-
fection Reagent (Dharmacon) according to the manufacturer's
protocol. The androgen-independent, LNCaP-derived C4-2b4
cell line (35) was vsed for validating the anti-ADAMTS-15
antibody. The cells were detached using trypsin-EDTA, and a
small amount of serum-containing medium was added to the cell
suspension 1o inactivate the trypsin. The cells were centrifuged
at 1,000 x g for 5 min, and the medium was removed from the
cell pellet. The cells were resuspended in the medium contain-
ing 109 (v/v) fetal calf serum without antibiotics and counted.
Wells of a 96-well polystyrene plate were used to prepare the
reagents for the transfections. In one well. 2.5 pp of siRNA was
added to 10 uL of serum-free medium. and in a separate well.
0.4 pL of DharmaFECT 2 was added to 19.6 L of serum-free
medium. The contents of the first well were added to the sec-
ond, and the mixture was left at ambient temperature for 20 min,
before being placed into the wells of a 48-well plate. A total of
3 x 10* cells were added to each of the wells containing the
siIRNA mixture, and the final volume of each well was made up
to 200 pL with the medium containing no antibiotics. Knock-
down of targel siRNA was analyzed by real-lime RT-PCR at
72 hr posttransfection, and protein knockdown was analyzed at
120 hr posttransfection by Western blotting as described below.

Protein samples were prepared by heating to 95°C for 5-10
min in reducing sample buffer [62.5 mM Tris-HCI, 25% (viv)
glycerol; 2% (wfv) sodiuvm dodecyl sulfate: 0.01% bromophe-
nol blue: 350 mM dithiothreitol. pH 6.8]. Sodium dodecyl
sulfate—polyacrylamide gel electrophoresis was performed us-
ing 10% {w/v) polyacrylamide gels. Each well was loaded with
100 peg of protein, and the gels were electrophoresed for 1 hr
al a constant voltage of 200 V. Protein from the gel was then
transferred Lo a polyvinyledene fluoride membrane at a constant
current of 400 A for 10 min at pH 11.0. The membrane was
blocked for 1 hr in blocking buffer [6% (w/v) casein, 0.05%
Tween-20 in TBS (TBST)]. Afier blocking, the membrane was
probed for 6 hr using the rabbit anti-ADAMTS-15 antibody (Ab-
cam, ab45047) raised against the propeptide of ADAMTS-15,
at a dilution of 1:5,000 (200 ng/mL) in blocking buffer. After
three washes in TBST, the membrane was probed for 1 hr with
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4 horseradish-peroxidase-conjugated (HRP-conjugated) swine
antirabbit IgG antibody (Dako Cytomation, P0399, Ely, UK)
at a dilution of 1:3.000 (113 ng/mL). HRP detection was done
with ECL Plus Western blotting detection kit (Amersham. Little
Chalfont, UK) according to the manufacturer’s protocol. Hy-
perfilm ECL (Amersham) X-ray film was used to expose and
develop the membranes.

For reprobing, the polyvinyledene fluoride membranes were
washed three times in TBST and stripped of anti-ADAMTS-
15 antibody by agitation at 4°C for 6 hr in TBST brought to
pH 2.0 with HCL. GAPDH was probed with rabbit polyclonal
anti-GAPDH IgG (Abcam. ab9485) al a dilution of 1:1,000 (1
pg/mL). Secondary antibody probing and HRP detection were
done as described earlier.

Densitometry

Bands detected on X-ray films from Western blolling exper-
iments were semiquantitatively analyzed by densitometry using
a GS-710 Calibrated Imaging Densitometer (Bio-Rad, Hemel
Hempstead, UK) running on Quantity One version 4.5.1 soft-
ware (Bio-Rad). A boundary was drawn around each band for
analysis. The adjusted area and density (volume) of the band
from each treatment sample was compared with the band from
the control sample, measured as optical density » mm”, and was
defined by the software as the sum of the intensities of the pixels
(in optical density) within a volume boundary multiplied by the
area of a single pixel (in mm?) minus the background volume.

ADAMTSI5 gene analysis

The genomic sequences of the ADAMTS] and ADAMTSIS
genes were obtained from the Ensembl genome database, Re-
lease 49 (www.ensembl.org) (36). The Ensembl online tool was
used to determine the 5'-flanking sequence containing the gene
regulatory region, the transcription start point (TSP). and the
gene sequence with intron and exon information. Using an in sil-
ico approach with the online nuclear receptor binding site search
tool NUBIScan version 2.0 (www.nubiscan.unibas.ch) (37). a
matrix was created consisting of the following nine ARE half-
sites: AGAACA. TGTACC, TGTACA. TGTTCT. GGTACA,
AGTGCT. TGGTCA. AGTTCT. and AGTACG. Each half-site
has previously been shown Lo be [unctional (13). A search strat-
egy was designed to search for putative AREs composed of
direcl repeats (DRs), inverled repeats (IRs), and everied repeats
(ERs) of these half-sites interposed by a nonspecific 3-bp se-
quence, forming a complete 15-bp ARE. A threshold score of
(1.8 was set to minimize false-positive predictions. This thresh-
old setting ensured that only putative AREs with sequences
corresponding to 8O-100% similarity with the half-sites in the
matrix were detected. The frequency and position of AREs
that met the search criteria were recorded. For comparison,
the promoter regions and sequences of PSA (human kallikrein
3. hKLK3) and prostate-specific membrane antigen (folate hy-
drolase |, FOLHI) genes were also analyzed using the same
strategy. AKLK3 gene expression is known to be upregulated by
androgen, and the promoter region contains the functional ARE
(AGAACAgcaAGTGCT) at —170 bp from the TSP (38). The

expression of the FOLHI pene is downregulated by androgen
(39).

Statistical analyses

The Kruskall-Wallis test was used Lo identify significant dif-
ferences between the medians of each treatment group. Differ-
ences in expression levels were tested for significance with the
Dunn’s multiple-comparison test, which analyzes differences
in rank sum between each treatment group and control. The
Grubb’s test was used fo identily and remove outlying sam-
ples where appropriate. All tests were performed on GraphPad
Prism 5.0(GraphPad Software Inc.). Statistically significant dif-
ferences were defined by p <.05.

RESULTS

Regulation of ADAMTS-1 and ADAMTS-15
mRNA expression by DHT

The effect of DHT and Autamide on expression of ADAMTS-
1 and ADAMTS-15 mRNA was analyzed using real-time RT-
PCR. DHT treatment did not significantly regulate expression
of ADAMTS-1 mRNA at any of the concentrations used [Fig-
ure I(a)]. In contrast to this. DHT treatment downregulated
the expression of ADAMTS-15 mRNA., ADAMTS-15 mRNA
was downregulated by 40% and 70% with treatments of 0.1
and | nM DHT respectively [Figure 1(b)]. The Kruskall-Wallis
lest demonstrated that the medians had a significantly differ-
ent variance (p = .0022). Dunn's multiple-comparison test was
used to analyze differences in rank sum between each treat-
ment group and control. ADAMTS-15 mRNA expression was
significantly downregulated with treatments of 0.1 nM DHT (p
<.05). 1 M DHT (p <.001). 1 uM fAutamide (p <.01). and
10 oM DHT with | pM flutamide (p <.05). Comparing the
10 oM DHT treatment group with the 10 nM DHT plus | uM
flutamide treatment group showed no significant difference in
ADAMTS-15 expression. Grubb’s test was applied to the 10
nM DHT treatment group to identify and remove an outlying
sample, after which the difference in the median ADAMTS-15
mRNA expression between the control and the 10 nM DHT
group was significant (p <.05). Independent cDNA samples
(n=35) from LNCaP cells treated with DHT and futamide were
analyzed using SYBR Green assays. Results from these experi-
ments also showed downregulation of ADAMTS-15 mRNA by
DHT that was not inhibited by flutamide (data not shown). As
a positive control. regulation of PSA mRNA by DHT was also
analyzed. As expected. PSA mRNA expression was upregulated
by DHT in a dose-dependent manner. Compared with control,
PSA mRNA was upregulated 4-fold by 0.1 nM DHT. 9-fold by
1 nM DHT. and 45-fold by 10 nM DHT (data not shown).

Antibody validation

As we failed to find characterization of ADAMTS-15 anti-
bodies in the literature, we undertook an investigation of the
utility of one such antibody, ab45047, raised against a region
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Figure 1. Expression of ADAMTS-1 and —15 mANA in LNCaP cells freated with DHT and the nonsteroidal androgen antagonist flutamide. Cells
were treated for 24 hr with the specified doses of DHT or flutamide and were lysed, and cDMNA was synthesized for analysis by real-time RT-PCH.
Each data point represents an individual sample of cDNA. The horizontal bars denote the median expression level for each treaiment group.
Expression levels in treated celis are shown as fold changes relative to controls. (a) Results (n = 15) collated from 15 separate experiments,
showing the expression level of ADAMTS-1 mRNA in the treated celis relative to expression in untreated cells {control). (b) Results collated from
11 separate experiments (7 = 11), showing the expression level of ADAMTS-15 mANA in the treated cells relative to expression in unireated
cells (control). The asterisks are used at the fop fo denote freaiment groups in which difference in expression levels relative to control were

statistically significant (*p = .05, *p = 01, ***p <. 001).

of the propeptide of ADAMTS-15. C4-2b4 cells expressed
more ADAMTS-15 than did LNCaP cells in preliminary exper-
iments (Figure 2), making the effect of knockdown more readily
detectable on a Western blol. We therefore utilized the former
cell line in these characterization studies. ADAMTS-15 mRNA
expression in C4-2b4 prostate cancer cells was inhibited by
80% (£ 10%, n = 3} by siRNA specific for ADAMTS-15. Pro-
tein expression was analyzed by Western blotting. Bands of 50
kDa were detected in all the lanes, but the band was attenuated
in the cells treated with ADAMTS-15 siRNA. Densitometric
analysis of the 50-kDa band showed thal its expression was
knocked down by over 80% (Figure 3). To control for errors in
sample loading, the membrane was stripped and then reprobed
with anli-GAPDH antibody. Bands of 34 kDa were detecled

702

with equal intensity in the NTC and ADAMTS-15 knockdown
lanes. The band was absent in the GAPDH knockdown lane
(Figure 3). The detection of downregulated expression of the
50-kDa band by the antibody in the cells treated with siRNA Lo
the ADAMTSIS gene verified the specificity of the antibody and
illustrated that the major product from these cells was a form of
the enzyme of approximately 50 kDa.

Regulation of ADAMTS-15 protein expression
by DHT
To analyze the effect of DHT stimulation on ADAMTS-

15 protein expression, LNCaP cells were treated with DHT
with and without flutamide for 72 hr. Western blotting with the
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Figure 2. ADAMTS-15 expression in breast and prostate cancer
cell lines probed with Abcam ab45047 anti-ADAMTS-15 antibody.
Each lane was loaded with 100 g of protein. Bands of 50 kDa
were detected on Westem biots.
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Figure 3. Validation of the specificity of the ADAMTS-15 antibody.
ADAMTS-15 expression in C4—2b4 prostate cancer celis was fran-
siently knocked down. Western blotting was performed with the
cell lysates. Each lane was loaded with 100 ug of protein. Lane
1 was the lysate from mock-transfected cells (NTC); Lane 2 was
from ADAMTS-15 knockdown cells; and Lane 3 was from GAPDH
knockdown cells. The upper panel is an image of the blot after prob-
ing with the ADAMTS-15 antibody. A 50-kDa band was detected in
each lane. The lower panel is an image of the same membrane
after it had been stripped and reprobed with anti-GAPDH antibody.
34-kDa bands were detected in Lanes 1 and 2 of equal intensity,
showing that the difference in intensity when the membrane was
probed for ADAMTS-15 was not due to unegual sample loading.
GAPDH knockdown led o complete absence of a band in Lane 3
on the lower panel. These results are representative of two experi-
ments.
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Figure 4. Effect of DHT on ADAMTS-15 protein expression. West-
ern blotting was used to detect ADAMTS-15 expression in LNCaP
cells treated for 72 hr with control, 0.1 nM DHT, 1 nM DHT, 10 nM
DHT, 1 uM flutamide, and 10 nM DHT pius fiutamide. Cell layers
were lysed with Triton X-100 for protein extraction, and protein was
quantified with the MicroBCA assay. Each lane was loaded with
100 g of protein. Bands of 50 kDa were detected. The experiment
is representative of two, with similar results.

anti-ADAMTS-15 antibody revealed a 50-kDa band in all the
lanes (Figure 4). These bands were analyzed by densitometry,
and in keeping with the mRNA data, ADAMTS-15 prolein was
downregulated by DHT in a dose-dependent manner (Table 2).
This effect was not inhibited by flutamide. In fact. as had been
observed al the mRNA level, treatment with fAutamide alone
also caused downregulation of ADAMTS-15 protein.

Putative androgen response elements

The ADAMTS15 gene has not been previously described as
an androgen-regulated gene. Using the NUBIScan online nu-
clear receplor binding site search tool, the ADAMTSIS gene
promoter and gene sequence were screened to identify puta-
tive AREs. We identified 1 ARE in the ADAMTSIS promoler
and 12 AREs in the gene sequence. ADAMTS-1 mENA ex-
pression was not regulated by DHT in our experiments. The
ADAMTS] gene had no putative AREs in the promoter region
but had two in the gene sequence. Table 3 gives the position, ori-
entation, sequence, and score for the putative AREs identified.
For comparison, we performed the same search on the hKLK3
gene, which is upregulated by androgen. and on the FOLHT
gene, which is downregulated by androgen (Table 4). Figure
5 shows a schematic representation of the AREs identified in
the ADAMTSI, ADAMTSIS, and hKLK3 genes. The ARE de-
tected at position 169 of the hKLK3F promoter region is known
to be the functional PSA ARE sequence AGAACAgcaAGT-
GCT (35). The hKLKS promoter had approximately double the
ARE-to-bp ratio compared with the ADAMTSIS and FOLHI
promoters, and the AKLKZ gene sequence had approximately
1.5 times the ratio found in the ADAMTS]S and FOLHI gene
sequences and approximately 3 times the ratio in the ADAMTST
gene sequence.
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?able 2.

the Bands Quantified and Compared With Control

Densitometric Analysis of Bands Detected on Western Blots Performed on Samples From Two Experiments, with Adjusted Volume of

Lane &
Lane 1 Lane 2 Lane 3 Lane 4 Lane 5 DHT 10 nM +
Control DHT 0.1 nM DHT 1 nM DHT 10 nM Flutamide 1uM Flutamide 1 uM
Experiment 1
Adjusted densitometric volume (0D mm?) 0.2025 0.1238 0.0905 0.0483 0.06859 0.055
Adjusted volume relative to control i 0.6 0.4 0z 0.3 0.3
Experiment 2
Adjusted densitometric volume (0D mm2) 0.2036 0.2231 0.0217 0.0022 0.05 0.0093
Adjusted volume relative to control 1 1.1 0.1 0.01 0.2 0.05
Table 3. Paosition, Orientation, Sequence, and Similarity Score of the AREs Detected in the ADAMTS1 and ADAMTS15 Genes
Position (Strand) Repeat Orientation ARE Sequence Score
ADAMTST
Promater - - - -
Sequence 4933 (—) DR GGETGECTacaTGTGCT 0.82
TETE (+) DR TGGTCAtcaTGTTCT 0.81
ADAMTS15
Promaoter —2319(+) ER GGAACAIaaGGTGCG 0.81
Sequence 914 (&) DR AGCACCCogAGTACT 0.81
914 (+) ER AGCACCccgAGTACT 0.88
914 (£) IR AGCACCCCgAGTACT 0.81
928(—) DR AGTACTcggGGTGCT 0.88
2357 (+) ER GGCACAQCIAGTCCC 0.81
6884 () DR AGTGCTctgAGTGCA 0.87
6693 () DR AGTGCCgagAGTGCT 0.84
7038 (+) IR TGTGCTgecTGGACT 0.86
12880 (—) DR TGTCCCcacAGTGCC 0.81
16123 (+) DR TGAACCOIAGTTCA 0.82
16123 () ER TGAACCOIAGTTCA 0.89
19163 (+) IR AGCACTcicTGAACT 0.81
19177 () DR AGTTCAgagAGTGCT 0.90
24790 (+) IR AGTGCAaciTGCACC 0.84
Nate: For the orientation, DR, ER, and IR denote direct repeat, everted repeat, and inverted repeat respectively.
Table 4. Summary of the ARE Data for ADAMTS1, ADAMTS15, hKLK3, and FOLHT Genes
ADAMTS1 ADAMTS15 hKLK3 FOLH1
Gene location 21g21.3 11924.3 19913.33 11pi11.2
Androgen regulation Mot regulated Downregulated Upregulated Downregulated
Promoter
Length (bp) 1,786 2,576 2,434 2,618
AREs 0 1 2 1
AREs per bp 0 0.00039 0.00082 0.00038
Sequence
Length (bp) 8,121 24,848 5,850 62,033
AREs 2 12 4 25
ARES per bp 0.00022 0.00048 0.00068 0.0004
DISCUSSION of DHT in an androgen-responsive cell line, LNCaP. ADAMTS-

Hormone therapy for locally advanced and metastatic
prostate cancer essentially consists of lowering circulating an-
drogen concentration in order to silence androgen receptor
signaling. In our experiments, we analyzed the expression of
ADAMTS-1 and ADAMTS-15 under different concentrations

| mRNA expression was not significantly regulated by DHT. By
contrast, DHT downregulated the expression of ADAMTS-15
mRNA and protein. The ADAMTSIS5 gene has not previously
been reported to be androgen repulated. It is known to be ex-
pressed in prostate cancer cell lines (24), and its expression in
breast cancer is a good indicator of patient survival (28). This
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Figure 5. Putative AREs identified in the ADAMTS T, ADAMTST5, and RKLK3 genes. The transcription start point (TSP) denotes the end of
the promoter and the start of the gene sequence. The positions {bp) of the AREs relative to the TSP are indicated; (+) and (—) denote sense

and antisenss strands respactively.

raises the possibility that ADT could be upregulating ADAMTS-
15 expression in prostate cancer cells and inhibiting tumor pro-
gression, at least until the cells become androgen independent.
The relationship between tumor expression of ADAMTS-15 and
survival has not yet been studied in prostate cancer patients.

Our experiments also showed that rather than inhibiting
the action of DHT, flutamide actually had a similar effect as
DHT in downregulating ADAMTS-15 expression. This sup-
ports previous findings that mutations in the androgen receptor
of prostate cancer cells could lead to aberrant activation by
adrenal steroids and nonstercidal androgen receptor antagonists
{40-42), LNCaP cells have a mutation in the androgen receptor
ligand-binding domain in which threonine is changed to alanine
al position 877 (TRT7A). leading to androgen receptor activation
by flutamide (40). Other androgen receptor mutations have been
identified in tumors of patients with prostate cancer (43). Up to
68% of prostate cancer patients with disease progression while
on treatment with flutamide experience disease remission when
flutamide is withdrawn (44-47). This phenomenon, known as
the Autamide withdrawal syndrome. provides clinical evidence
that mutations in the androgen receptor of prostate cancer cells
could lead to aberrant activation by flutamide.

Activated androgen receptors bind to AREs in promoter re-
gions of androgen-regulated genes, where transcription factors
are recruited by the receptor—ligand complex (48). Transcrip-

tion factors could be either coactivators or corepressors, Re-
cruitment of coactivators by the receptor will lead to increased
transcription of mRNA, while recruitment of corepressors leads
to decreased transcription (48). Using an in silico approach
we screened the ADAMTS] and ADAMTSIS genes for putla-
tive AREs. One ARE was found in the promoter region of
ADAMTS15 but none in the promoter region of ADAMTST. We
also found several putative AREs downstream of the TSP of
the ADAMTSIS pene. This raises the possibility thal one or
more of these AREs could be acting as an enhancer, Unlike
gene promoters, gene enhancers can be located many thou-
sand bp upstream or downstream of the TSP (49). The hKLK3
gene has such an enhancer containing an ARE that is located
4,200 bp upstream of the TSP (50). and several studies have
found that proportionately more AREs are located in the gene
sequence than in the promoter region of androgen-regulated
genes (51), which is in keeping with our findings. The signif-
icance of the ARE (o bp ratio with respect Lo androgen upreg-
ulation or downregulation is not known. Our analysis showed
that the AKLK3 promoter region had twice the densily of pu-
tative AREs as the FOLHT and ADAMTSIS5 promoters (Table
43, This may mean that more AREs are required to assemble
coactivator complexes than are required for the assembly of
corepressor complexes. A similar search for other transcrip-
tion factor binding sites in the promoter regions of ADAMTS],
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Figure 6. Domain structure of ADAMTS-16 and similarity of predicted cleavage products with ADAMTS-1. {a) A schematic diagram of the
domains of full-length ADAMTS-15. (b) The furin cleavage site and the products that would result. Our Western blots did not detect a propeptide
fragment of 23 kDa as would be expected from cleavage at this site. {c) The approximate position of the predicted cleavage site that would
produce a 50-kDa propeptide fragment detected on Western blots, and the sfructure of the C-terminal region that would be released. (d) A
schematic diagram of the C-terminal region that is responsible for the antiangiogenic activity of ADAMTS-1. The predicted C-terminal cleavage
product from ADAMTS-15 (c) is similar in structure to the antiangiogenic region of ADAMTS-1.

ADAMTSIS, hKLK3, and FOLH] did not identify differences
between the androgen upregulated (hKLK3) and the androgen
downregulated (ADAMTSIS and FOLHT) genes. However the
androgen-regulated genes (ADAMTS1S, hKLK3, and FOLHT)
had the myocyte enhancer factor 2 (MEF2) and the chorion
factor 2 transcription factor binding sites in their promoter re-
gions. The MEF2 and the chorion factor 2 transcription factors
synergistically regulate gene expression (52). In addition to reg-
ulating myocyte differentiation, MEF2 maintains vascular in-
tegrity by promoting endothelial cell survival and proliferation
(53). It is acknowledged that in-silico-based methods can iden-
tify the presence of transcription factors associated with genes
but do not show funectionality (54). Further studies are required
to determine if the putative AREs identified in this study are
functional.

The ADAMTS-15 antibody used in our experiments was de-
scribed by the supplier as being directed against the propeptide

domain of ADAMTS-15 and predicted a relative mass of 103
kDa on Western blotting. Our Western blot experiments (Fig-
ures 2-4) detected bands of 30 kDa from the cell and ECM
lysate, which is about half the relative mass expected for the
[ull length ADAMTS-15 protein and twice the relative mass
of the propeptide domain, which is approximately 23 kDa.
No bands were detected from the conditioned medium. The
50-kDa band was attenuated when ADAMTS-15 was knocked
down with siRNA targeting ADAMTS-15 mRNA. This suggests
that ADAMTS-15 was processed posttranslationally by prole-
olytic cleavage yielding an N-terminal fragment of 50 kDa.
implying that the cleavage site lies within the disintegrin-like
domain of ADAMTS-15 [Figure 6(c)]. Analysis of the X-ray
crystal structure of the ADAMTS-1 disintegrin-like domain has
shown that this domain is actually a cysteine-rich domain that
fails to superimpose on the structures of the disintegrin do-
mains of ADAM-10, VAP-1, and trimestatin (55). The sequence
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Figure 7. Protein sequence alignment of the predicted C-terminal cleavage product of ADAMTS- 15 and the antiangiogenic C-terminal fragment
of ADAMTS-1. The protein sequences were obfained from the Ensembl Web site (www.ensembl.org) and the sequences aligned using the
online sequence alignment tool SIM (www.expasy.ch/tools/sim-prot.himl). The conserved cysteine residues are highlighted in gray.

similarity of ADAMTS-15 and ADAMTS-1 (25) suggests that
the ADAMTS-15 disintegrin-like domain, where we predict the
cleavage site lies, is also a cysteine-rich domain with no disin-
tegrin activity.

ADAMTS enzymes are known to be C-terminally processed
(26, 56). and it is likely thal the form of ADAMTS-15 we de-
tected has lost its C-terminal ancillary domains but retains the
propeptide and catalytic domains. The propeptide domain is
thought to maintain the latency of the catalytic domain, and ac-
tivation of the catalytic domain is mediated by cleavage by pro-
protein convertases such as furin (16). Retention of the propep-
tide implies that the catalytic domain of ADAMTS-15 remains
inactive, and thus the proteolytic activity is muted. It is possible
that a catalytically active form of ADAMTS-15, with the propep-
tide removed, is also expressed by LNCaP cells, as such a form
would not have been detected by the antibody used in our study.
Analogously. the full length ADAMTS-1 and the C-terminal
region of ADAMTS-1 are reported to display prometastatic and
antimetastatic properties respectively (27. 57). The C-terminal
region containing three thrombospondin repeats and a spacer
(Figure 6) is responsible for the antiangiogenic properties of
ADAMTS-1 (57). This region of ADAMTS-1 is very simi-
far to the C-terminal region that we predict is cleaved from
ADAMTS-15 (Figures 6 and 7). leaving the propeptide and
the catalytic domain of 50 kDa that we detected on our West-
ern blots. It is conceivable that the potential proteolytic ac-

tivity of the form of ADAMTS-15 that we have identified
is muted because the propeptide remains bound to the cat-
alytic domain, and the C-terminal half of the molecule is re-
leased to function as an inhibitor of angiogenesis in the tumor
microenvironment. Somatic mutations of ADAMTSIS have
been identified in breast and colorectal cancer cells (58-60).
Analysis of the ADAMTS]S mutations in colorectal can-
cer cells predict that shortened, mutant forms of ADAMTS-
15 are produced (60). No mutations of ADAMTS-15 have
been reported in prostaie cancer cells, bul in addition
lo proteolytic processing. this could be another possible
explanation for the detection of a 50-kDa ADAMTS-15
protein.

It is generally accepted that prostate and breast cancer angio-
genesis correlates with disease severity (61-63), and as noted
earlier. breast cancer patients with relatively higher tumor ex-
pression of ADAMTS-15 have better survival (28). Patients
undergoing ADT eventually progress (o hormone refractory
prostate cancer (HRPC). In HRPC, by mechanisms which are
not yet clearly understood, androgen receptor signaling resumes
despite diminished levels of circulating androgen (64). On the
basis of our findings, this is likely to result in downregulation
of ADAMTS-15 in the tumor microenvironment, contributing
to the poor prognosis of patients who develop HRPC.

In conclusion, we have shown that ADAMTS-15 expression
is downregulated by androgen, suggesting that ADT leads to
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increased expression of ADAMTS-15 in the tumor microenvi-
ronment, and mutations in the androgen receptor leading to an
androgen-independent state may result in constitutive downreg-
vlation of ADAMTS-15. Its role in breast cancer suggests that
ADAMTS-15 has a cancer-repressive role.
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Terms and Conditions

1. A credit line will be prominently placed and inckidor books - the author(s), title
of book, editor, copyright holder, year of publicat For journals - the author(s),
title of article, title of journal, volume numbessue number and inclusive pages.

2. The requestor warrants that the material shalbeaised in any manner which may
be considered derogatory to the title, contenguthors of the material, or to
Wolters Kluwer/Lippincott, Williams & Wilkins.

3. Permission is granted for one time use only asipédn your correspondence.
Rights herein do not apply to future reproductia@ditions, revisions, or other
derivative works. Once term has expired, permisgaenew must be made in
writing.
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requestor with the original artwork or a "clean gdp
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Subject: Copyright Information Request

From: C N Molokwu <C.Molokwu@sheffield.ac.uk>
Date: 4 May 2010 21:21
To: PermissionsUK@wiley.com

Dear Sir/Madam,

| am a PhD student at the University of Sheffield in the UK. | am presently
writing my thesis.

I have used the book titled 'Prostate Cancer' edited by Marc S. Ernstoff, John
A. Heaney and Richard E. Peschel, published 1998, ISBN 0-63204-317-2.

In Capter 2 'Pathology of Prostate Cancer' by David G Bostwick, page 30, Figure
2-9, is a drawing of the Gleason grades originally drawn by D.F. Gleason. |

have been trying unsuccessfully to find out who the copyright holder is, and if

I may use the image in my thesis.

Please could you give me any information on this image, and if Blackwell holds
the copyright, how | may obtain permission to use the image.

Thank you for your help.
Yours sincerely,
Chidi Molokwu.

From: Permission Requests - UK  <permissionsuk@wiley.com>
Date: 20 May 2010 15:12
To: C N Molokwu <C.Molokwu@sheffield.ac.uk>

Dear Chidi Molokwu

Thank you for your email request. Permission is granted for you to use the material below for
your thesis/dissertation subject to the usual acknowledgements and on the understanding that

you will reapply for permission if you wish to distribute or publish your thesis/dissertation

commercially.
Kind Regards

Katie B Wade

Permissions Assistant
Wiley-Blackwell

9600 Garsington Road
Oxford OX4 2DQ

UK

Tel: +44 (0) 1865 476149
Fax: +44 (0) 1865 471158
Email: katie.wade@wiley.com
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From: C N Molokwu <C.Molokwu@sheffield.ac.uk>
Date: 9 March 2010 12:45

Subject: Copyright Permission

To: terese.winslow@mindspring.com

Dear Terese Winslow,

| am a PhD student at the University of Sheffield in the United Kingdom. | am
writing my thesis titled 'The Role of ADAMTS-1 and -15 in Prostate Cancer
Progression'. During my studies, | came across two of your images on the
National Cancer Institute website (Images attached). | would like to use them
in my thesis if you would be kind enough to grant me permission. Are there any
formal request procedures to be followed? Please let me know.

Thanks for your help.

Yours faithfully,

Chidi Molokwu

From: Terese Winslow <terese.winslow@mindspring.com>
Date: 9 March 2010 13:46

Subject: Re: Copyright Permission

To: C N Molokwu <C.Molokwu@sheffield.ac.uk>

Dear Chidi Molokwu,

Thank you for contacting me. You have my permission. Please send me your address and the

approximate number of copies to be printed. Will the thesis be posted online?

Make sure name credit is written as shown on the art and be sure to contact me again for any

other usage.

Best regards,
Terese

Terese Winslow

Medical lllustrator

714 South Fairfax Street
Alexandria, Virginia 22314
Phone: 703-836-9121

Fax: 703-836-3715
terese.winslow@mindspring.com
www.teresewinslow.com
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From: C N Molokwu <C.Molokwu@sheffield.ac.uk>
Date: 9 March 2010 18:30

Subject: Re: Copyright Permission

To: Terese Winslow <terese.winslow@mindspring.com>

Dear Terese,
Thanks for you reply.
My address is

Chidi Molokwu

21 Cherry Tree Grove
Duncroft

Doncaster DN7 4NU
United Kingdom

Seven copies of the thesis will be printed. One copy each will be available at
the University of Sheffield and the Royal College of Physicians & Surgeons of
Glasgow libraries. The other copies will be kept by my supervisors and myself.
Theses from the University of Sheffield are not usually posted online but this
procedure may change by the time | submit. Would you require that they are not
placed online?

Name credit will be given as it appears on the images. Do you require the line
'US Govt has certain rights' be included or can this be blanked out?

In the image showing the stages of prostate cancer, with your permision, would
like to blank out the headings 'Stage I', 'Stage II', Stage 'llII', 'Stage V'

at the top of each image. This is because the staging system has been
superceded by the TNM staging classification for tumours.

Thanks again for your help.

Regards,

Chidi Molokwu
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APPENDIX C

LIST OF SUPPLIERS

Abcam, 330 Cambridge Science Park, Cambridge, Unitedjé&om CB4 OFL
Phone: 01223696000, Fax: 01223771600, E-mail: e@abcam.com
www.abcam.com

AGFA, Vantage West, Great West Road, Brentford, Mideke&/nited Kingdom TW8
9AX

Phone: 02082314983, Fax: 08009172032, E-mail: gr@agfa.com
www.agfa.com

Alpha Laboratories Ltd, 40 Parham Drive, Eastleigh, Hampshire, Unitedgidom
SO50 4NU

Phone: 0800387732, Fax: 0800614249, E-mail: salgg@labs.co.uk
www.alphalabs.co.uk

Applied Biosystems Lingley House, 120 Birchwood Boulevard, Warringttnited
Kingdom WA3 7QH

Phone: 01925 28 2670, Fax: 01925 28 2503, E-mail:
uk.orders@eur.appliedbiosystems.com

www.appliedbiosystems.com

Bachem (UK) Ltd, Delph Court, Sullivans Way, St. Helens, Mersegsldnited
Kingdom WA9 5GL

Phone: 01744612108, Fax: 01744730064

www.bachem.com

BD BiosciencesEdmund Halley Road, Oxford Science Park, Oxfohdited Kingdom
OX4 4DQ

Phone: 01865781666, Fax: 01865781627,
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E-mail: BDUK_Customerservice@europe.bd.com

www.bdbiosciences.com

Bioline Ltd, Unit 16, The Edge Business Centre, Humber Roaddan, United
Kingdom NW2 6EW

Phone: 0208 830 5300, Fax: 0208 452 2822, E-malkrs.uk@bioline.com
Biological Industries Ltd, Kibbutz Beit-Haemek, 25115, Israel

Phone: +972(0)49960595, Fax: +972(0)49968896, H-m&» @bioind.com
www.bioind.com

Biontex Laboratories GmbH, im Innovations- und Griinderzentrum Biotechnologie
(Soda), Am Klopferspitz 19, 82152 Martinsried/PlggeGermany

Phone: +498932479950, Fax: +498932479952, E-Maiitact@biontex.com
www.biontex.com

Bio-Rad Laboratories Ltd, Bio-Rad House, Maxted Road, Hemel Hempstead,
Hertfordshire, United Kingdom HP2 7DX

Phone: 02083282000, Fax: 02083282550, E-mail: gikdarketing@bio-rad.com
www.bio-rad.com

BioSource Europe S.A., Rue de I'Industrie 8, B-1400 Nivelles, Belg

Phone: +3267889900, Fax: +3267889996

www.biosource.com

Dako UK Ltd, Cambridge House, St Thomas Place, Ely, CambridigedJnited
Kingdom CB7 4EX

Phone: 01353669911, Fax: 01353667309, E-mail:ukf@dako.com
www.dako.co.uk

GE Healthcare Life SciencesAmersham Place, Little Chalfont, Buckinghamshire,

United Kingdom HP7 9NA
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Phone: 0800515313, Fax: 0800616927, Email: Ord&®&Ge.com
www.gelifesciences.com

GraphPad Software Inc, 2236 Avenida de la Playa, La Jolla, CA 920EA
Phone: +18584545577, Fax: +18584544150, E-ma#ésgabraphpad.com
www.graphpad.com

Hawksley, Marlborough Road, Lancing Business Park, LancBugsex, United
Kingdom BN15 8TN

Phone: 01903752815, Fax: 01903766050, E-mail: eleg@hawksley.co.uk
www.hawksley.co.uk

Invitrogen Ltd , 3 Fountain Drive, Inchinnan Business Park, Pgjdlmited Kingdom
PA4 9RF

Phone: 0141 814 6100, Fax: 0141 814 6260, E-mikalrders@invitrogen.com
Www.invitrogen.com

Lonza Biologics Pl¢ 228 Bath Road, Slough, Berkshire, United Kingddihl 4DX
Phone: 01753777000, Fax: 01753777001, E-mail: castaugh@Ilonza.com
www.lonza.com

Millipore (U.K.) Ltd , Suite 3 & 5, Building 6, Croxley Green BusinesskP
Watford, United Kingdom WD18 8YH

Phone: 08709004645 Fax: 087090046 44 E-mail: UKecnstservice@millipore.com
www.millipore.com

Molecular Devices (UK) Ltd, 660 - 665 Eskdale Road, Winnersh Triangle,
Wokingham, Berkshire, United Kingdom RG41 5TS

Phone: 01189448000, Fax: 01189448001

www.moleculardevices.com
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Perbio Science UK Ltd Unit 9, Atley Way, North Nelson Industrial Estate
Cramlington, Northumberland, United Kingdom NE23 AW

Phone: 0800 252 185, Fax: 0800 085 8772, Emaitiperders@thermofisher.com
www.perbio.com

Promega UK Delta House, Southampton Science Park, Southampto

United Kingdom SO16 7NS

Phone: 012380760225, Fax: 012380767014, E-mailistkerve@promega.com
Www.promega.com

Qiagen, Qiagen House, Fleming Way, Crawley, West Suddaked Kingdom RH10
9NQ

Phone: 01293422999, Fax: 01293422922, Email: custware-uk@qgiagen.com
www.giagen.com

R&D Systems Europe Ltd 19 Barton Lane, Abingdon Science Park, Abingdoiited
Kingdom OX14 3NB

Phone: 01235529449, Fax: 01235533420

www.rndsystems.com

Sigma-Aldrich Company Ltd, The Old Brickyard, New Road, Gillingham, Dorset,
United Kingdom SP8 4XT

Phone: 0800 717181, Fax: 0800 378785, E-mail: us@sial.com
www.sigmaaldrich.com

Thermo Fisher Scientific UK, Bishop Meadow Road, Loughborough, Leicestershire,
United Kingdom

Phone: 01509231166, Fax: 01509231893, E-mail: @isker.co.uk

www.fisher.co.uk
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