EVALUATION OF THE FUNCTIONAL ROLE(S) OF
TIMP-3 IN PROSTATE CANCER PROGRESSION

A thesis submitted to fulfill the requirements for the degree of

PhD with Integrated Studies

by

Olajumoke O. Popoola
(formerly Adeniji)

Department of Infection and Immunity

School of Medicine and Biomedical Sciences

University of Sheffield

February 2013

The

Universi
Of ty

Sheffield.




THESIS SUMMARY

Prostate cancer is the second highest cause of cancer death in men and its transformation to
an untreatable state depends on the loss of the cells’ requirement for androgen.
Metalloproteinases such as matrix metalloproteinases (MMPs), a disintegrin and
metalloproteinases (ADAMs) and a disintegrin and metalloproteinase with thrombospondin
motifs (ADAMTSs) are implicated in prostate cancer. Tissue inhibitor of metalloproteinase
(TIMP) is a family of 4 inhibitors whose major functions are to regulate the activity of
metalloproteinases. TIMP-3 inhibits ADAMTSs, MMPs and ADAMs, and independently

inhibits angiogenesis.

The aims of this research were to investigate the expression and modulation of TIMP-3 in
prostate stromal and cancer cells in order to better understand its role(s) in prostate cancer.

The effects of androgen, growth factors and cytokines on TIMP-3 expression in prostate
stromal and cancer cells were analysed. Co-culture analyses were employed to investigate
the effect of cell-cell contact on TIMP-3 expression. RNAIi experiments were carried out to
study the effects of TIMP-3 inhibition on biological functions. Tissue microarray analyses

were carried out in order to investigate correlation of TIMP-3 expression with prostate

cancer malignancy.

TIMP-3 expression was higher in prostate stromal cells than cancer cells. Co-culture
analyses showed up-regulation of TIMP-3 in stromal cells and down-regulation in cancer
cells. Immuno-staining in prostate tissues demonstrated higher TIMP-3 staining normal and
benign tissues compared to malignant tissue. The modulation of TIMP-3 expression
observed by androgen was cancer-cell-specific and by growth factors/cytokines was
stromal-cell-specific. RNAi-mediated down-regulation of TIMP-3 in cancer-associated

stromal cells resulted in increased migration and invasion. ECM lysates from transfected

stromal cells demonstrated reduced MMP-2 inhibition.

Overall, these results show the interplay of the stromal and tumour compartments in
modifying the activity of prostate tumour, and suggest that TIMP-3 is important in

modulating the migration and invasive potential.
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1.1. THE PROSTATE GLAND

In humans, the male reproductive system comprises internal and external organs, all of
which work together for reproduction. The external organs are the penis and the scrotum
and the internal organs are the testes, vas deferens, epididymis, seminal vesicle, Cowper
glands and the prostate gland (Benoit et al., 1993). The prostate gland surrounds the urethra
and is located behind the bladder and in front of the rectum (Figure 1.1). It participates in
the production of semen, in conjunction with the testes, seminal vesicles and Cowper
glands and also plays an important role in the transportation of sperm out of the penis
(Kumar and Majumder, 1995). The prostate is small, walnut-shaped and measures about 3
cm in diameter and weighs about 20 — 25 g. The prostate secretes prostatic fluid which
makes up about 35% of the total semen (Aumuller and Seitz, 1990). The seminal vesicle
also secretes viscous fluid into the prostate and mixes with the prostatic fluid to form
seminal fluid. The testicles are based within the scrotum and they secrete the male hormone
— testosterone that facilitates the production of sperm — this is further transported by the vas
deferens into the prostate and this mixes with the seminal fluid to form semen. The prostate
is responsible for contracting and expelling the semen into the penis by the action of the
smooth muscle cells contained in the prostate gland (Aumuller and Seitz, 1990).
The prostate is divided into three zones (Figure 1.1):

* Peripheral zone

* Transitional zone

* Central zone
The peripheral zone is located at the posterior of the prostate and is the largest zone in the

gland while the transitional zone is located at the anterior of the prostate. The central zone

can be found between the anterior and the posterior of the prostate and this is the zone

connected to the seminal vesicle (McNeal, 1997).
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Figure 1.1: The Anatomy of the Male Reproductive System.
This diagram shows both the external and internal organs that are in the male reproductive
system. The three zones of the prostate gland are highlighted in red. This image is used and

modified with the permission of the copyright owner: Nucleus Medical Images (see
Appendix for more information).

Alterations in the rate of growth of epithelial cells within the peripheral region results in
majority of tumours of the prostate, while overgrowth of predominantly stromal and
fibroblast cells within the transitional zone and, to a lesser extent, the overgrowth of

epithelial cells in the transitional zone, results in the majority of benign prostatic
hyperplasia (BPH) (McNeal, 1978).

1.2 BENIGN PROSTATIC HYPERPLASIA (BPH)

BPH is a disorder which occurs as a result of overgrowth of the stromal fibroblast and
smooth muscle cells within the transitional zone of the prostate (Figure 1.2) (McNeal,
1978). This is an occurrence that increases with age (Altwein and Orestano, 1975). In BPH,
there is an altered balance in the homoeostasis of ECM turnover, in favour of increased
accumulation of ECM. This is mediated my several growth factors, including fibroblast
growth factors (FGF), insulin-like growth factors (IGF) and transforming growth factor
beta (TGF-B) (Eaton, 2003). The overgrowth is benign and, if sufficiently large, results in
constriction of the prostatic urethra. The outcome of this constriction is blockage of the
passage of urine from the bladder to the penis, leading to symptoms of urinary retention
and the need for frequent urination, otherwise known as lower urinary tract symptoms

(LUTS) (Roberts, 1994). If unchecked, these symptoms could develop into infection of the
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urinary tract, formation of bladder stones in the bladder as a result of accumulation of salts

from urine inside the bladder, and, more serious, failure of the kidneys (Reynard and

Abrams, 1994).

Normal Prostate Anatomy

Bladder

Prostate gland

Urethra

Enlarged
prostate gland

Constricted
urethra

Figure 1.2: The Normal and BPH Prostate Anatomy.

This diagram illustrates the conformation of the prostatic urethra in normal prostate and
its constriction in an enlarged prostate in BPH. This image is used with the permission of
the copyright owner: Nucleus Medical Images (see Appendix for more information).

The occurrence of clinical BPH is most common in men above the age of 50 and as much
as one third of men have BPH by the age of 50. This percentage increases to about 85% by
the age of 90 (McVary, 2006). As at 2010, about 30 million cases of BPH had been

20



recorded worldwide, with the highest percentage of cases recorded within the U.S.A.
(Gabuev and Oelke, 2011).

The role of androgen in the form of dihydrotestosterone in the manifestation of BPH cannot
be overlooked. The main androgen produced in the prostate is testosterone and this is
converted to an active dihydrotestosterone by the enzyme S-a-reductase (Silver et al., 1994,
Russell and Wilson, 1994). Up regulation of both circulating DHT and 5-a-reductase levels
have been reported in BPH cases (Silver et al., 1994) and this led to the use of 5-a-
reductase inhibitors such as finasteride for management of BPH (Seftel, 2005). These
inhibitors are used either for monotherapy or alongside alpha-adrenergic blockers such as
Tamsulosin as combinatorial therapy for patients that do not respond to 5-a-reductase
inhibitors only and require alpha blockers to relax the smooth muscle cells in the prostate
and relieve the pressure on the urethra (Shakir et al., 2001). The presence of elevated levels
of growth factors other than DHT in the prostate has also been implicated in the
progression of BPH. The accumulation and formation of stromal fibroblasts in the benign
growth in the prostate has been shown to result in an increase in the secretion of cytokines
such as TGF-B which can then trigger several signalling pathways such as the MAPK
pathway and activate transcription factors that drive continuous growth of the fibroblasts
and ECM synthesis within the prostate (Macoska, 2011). TGF-f transforms fibroblasts to
myofibroblasts, which make smooth muscle actin, ECM matrix and proteinases (Border
and Noble, 1994, Border et al., 1994) and is pivotal to many cancers where the progression
is enhanced as a result of stromal fibroblasts producing more matrix and proteinases
(Kohrmann et al., 2009, Duffy and McCarthy, 1998). Stromal fibroblasts can also regulate
the growth of epithelial cells by the secretion of growth factors such as IGF-1 (McLaren et
al., 2011, Crescioli et al., 2002), which plays a cellular proliferative role and can lead to an
increase in both the stromal compartment and glandular epithelial compartment of the
prostate and subsequent enlargement of the size of the prostate and LUTS. Thus, the
epithelial and stromal interaction within the prostate is very important in the progression of
BPH.

Diagnosis of BPH is initially by digital rectum evaluation (DRE) of the size of the prostate
via the rectum and blood test to measure the levels of prostate-specific antigen (PSA;
kallikrein-related peptidase 3; hK3;) (Uno, 1995). PSA is a serine proteinase secreted by
epithelial cells in the prostate into the lumen of the prostatic ducts and forms part of the

seminal fluid (Wang et al., 1979).These tests are also used for the diagnosis of prostate
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cancer (as well as BPH) and a high level of PSA in serum is indicative of elevated seminal
fluid levels and subsequent escape into the blood. Histological examination of prostate
tissue will confirm the presence or absence of malignancy and will differentiate whether the
increase in prostate size is as a result of development of prostate cancer or BPH. It will also

show a larger stromal compartment relative to normal prostate tumour (see Figure 1.3).
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Figure 1.3: Immuno-histochemical Analyses of Prostate Tissues.

Normal, primary prostate cancer and BPH tissues were donated by Dr Colby Eaton’s
group at the University of Sheffield, U.K. Haematoxylin and Eosin Staining was carried out
according to methods described in Section 2.17. Normal prostate tissues are characterised
by the presence of intact glandular structures (red arrows) while erosion of basement
membrane and disruption of glandular structures are present in primary prostate cancer
tissue (blue arrows). In BPH, there is an increase in the surrounding stroma (green
arrows) and this distinguishes the BPH tissue from prostate cancer tissues. The images
were obtained using an inverted microscope and black bar represents size of 100 uM.
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1.3 PROSTATE CANCER

1.3.1 Pathophysiology of Prostate Cancer
Prostate cancer is a malignant tumour that occurs predominantly in the peripheral region of
the prostate gland and has metastatic potential i.e. it can spread to surrounding tissues and
organs. It begins as a form that is treatable particularly among the elderly (Hemminki et al.,
2005) but often progresses to become untreatable. Prostate cancer is a multifactorial disease
and the aetiology is not completely understood. The most prominent phenotype is the loss
of androgen-dependence on cell growth and survival within the prostate. Androgen is the
main growth hormone in the prostate and normal prostate epithelial cells require constant
levels of DHT to survive and this survival mechanism is regulated by the presence of the
androgen receptor (Veldscholte et al., 1990). In prostate cancer, the tumour cells bypass
this androgen signalling pathway via alternative means, the most common of which is
androgen receptor mutation, and therefore are able to multiply unchecked (Trapman and
Brinkmann, 1996, Craft et al., 1999, D'Antonio et al., 2010). Several mutations in the AR
have been identified — replacement, addition or deletion of amino acids can lead to
alteration of the protein function (Rajender et al., 2010, Rajender et al., 2007, Zhao et al.,
1999) and therefore render the AR unable to regulate the levels of DHT. The increase in
circulating DHT levels results in the increase in epithelial cell growth and is an initiating
factor for growth of malignant tumours. The intricacies of androgen receptor signalling are

discussed at length in Chapter 4: Section 4.1 of this report.

1.3.2 Epidemiology of Prostate Cancer

Prostate cancer is the most common cancer in men and accounts for 24 out of every 100
cases of male cancers in the U.K (Ferlay et al., 2010). It is the most common cancer in
males and is the second highest cause of cancer death in males in the U.K. and the U.S.A,
exceeded only by lung cancer (Hsing and Chokkalingam, 2006) (Ferlay et al., 2010). Its
occurrence is usually linked to age and ethnic background (Parker et al., 2011), genetic pre-
disposition, environmental factors (Wu et al., 2009b, Ekman et al., 1999) and even diet
(Kenfield et al., 2007, Wolk, 2005, Mills et al., 1989). As with BPH, prostate cancer is

prevalent in men over 50 (Ferlay et al., 2010) and can remain non-progressive, undetected
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and undiagnosed for several years. Prostate cancer is prevalent in Europe and Africa, and
not so much in Asia (Ferlay et al., 2010). There is a greater prevalence in black-Africans
compared to Caucasians, and the least number of cases have been reported in Asians. In the
U.K. alone, the number of prostate cancer cases in men over 50 years of age is 155 out of
100,000 men — this rate increases with age and the incidence increases to 510 out of
100,000 in men over the age of 60 and 750 per 100,000 in men over the age of 70. The rate
of diagnosis is higher in developed regions of the world such as Europe, Australia and
North America, with the lowest rate in Asia (Ferlay et al., 2010). Although black Africans
have a higher risk of prostate cancer, under-diagnosis and late presentation are quite
common (Heyns et al., 2003) as a result of almost non-existent PSA screening and
reluctance of patients to seek medical advice when presenting with symptoms (Kehinde,
1995) reviewed in (Olapade-Olaopa et al., 2008). Therefore the data collated from regions
such as West Africa are already biased as a result of these factors (Chu et al., 2011). The
mortality rate is usually lower than the incidence rate (as shown in Figure 1.4) in developed
countries as a result of better screening regimes and availability of resources for disease
management. Developing and under-developed regions, on the contrary, have a higher
proportion of mortality in cases presented and almost 1:1 ratio of incidence to mortality

ratios. This is not surprising, given the lack of management resources available in these

regions.

24



World Age-Standardised Incidence and Mortality Rates of
Prostate Cancer per 100,000 Population of Males
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Figure 1.4: Rates of Incidence and Mortality of Prostate Cancer Worldwide.

These data were culled from the GLOBOCAN database, as compiled by the International
Agency for Research on Cancer (2010) (Ferlay, Shin et al, 2008). The raw data are also

available from http://globocan.iarc.fr
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1.3.3 Staging of Prostate Cancer
The size of a tumour and the extent of its migration and invasion can be described using the
TNM system of classification of cancer. This system was first described in 1942 and has
since been adapted by the Union for International Cancer Control (UICC) as a standard
method of classification of the severity of several cancers, including prostate cancer
(Wallace et al., 1975). The acronym stands for:

e T =size of the Tumour

¢ N = degree of spread of tumour to proximal lymph Nodes

* M = degree of distal tumour Metastasis

Usually, a letter X denotes the absence of any of the above occurrences and numbers denote
the size of the tumour (T) or the extent of local spread (N) or distal metastasis of the tumour

(M). The different stages are described below:

. T

o Tx: primary tumour cannot be evaluated

o TO: no apparent sign of tumour

o T1, T2, T3 or T4: size and extension of the primary tumour
. N

o Nx: lymph nodes cannot be evaluated

NO: primary tumour cells absent from regional lymph nodes

NI1: regional lymph node tumour metastasis present in small number of
lymph nodes or lymph nodes closest to primary site of tumour

N2: tumor spread to an extent between N1 and N3

N3: regional and distal lymph node tumour metastasis or tumour present in

numerous lymph nodes

. M
Mx: distant metastasis of primary tumour cannot be evaluated

o MO: no distant metastasis

o M1: metastasis to distant organs (beyond regional lymph nodes)

The stage of prostate cancer is usually assessed by a combination of DRE, imaging and

surgical evaluation. DRE identifies the palpable size of the tumour and imaging techniques
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such as x-rays, computed tomography scan (CT scan) and magnetic resonance imaging
(MRI) can inform the physician about the location of the tumour both in the primary and
any secondary sites (Quintens et al., 1990, Khoo et al., 1999). In instances whereby surgery
has been utilized as a management regime, the surgeon is able to report any proximal or
distant metastasis of the tumour away from the primary site. All of the information
collected enables the patient to be assigned a stage e.g. prostate cancer TINOMO is cancer

with small palpable tumour and no lymph node or distal metastasis away from the primary

site (see Figure 1.5).
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TNM Staging
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Figure 1.5: The TNM Staging in Prostate Cancer.
The T stages Tl — T4 are represented, with T1 being the small prostate confined tumour, T2

is the enlarged prostate confined tumour that is palpable by DRE and restricted only to the
peripheral zone of the prostate, T3 is showing tumour extending to the central and
transitional zones of the prostate and neighbouring seminal vesicles while T4 is showing
the tumour enlarged, filling the three prostate zones and spreading to tissues around the
prostate, constricting the neighbouring bladder and rectal muscles. N stage depicts the
spread of the tumour into neighbouring lymph nodes and M stage depicts the distant
metastasis of the tumour to secondary sites such as the brain. Copyright permission

granted for the use of the image (see Appendix).
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1.3.4 Grading of Prostate Cancer

The Gleason system was developed in 1977 and has been widely accepted as a standard for
grading of prostate tumours (Gleason, 1977). This system is based solely on morphology
and histochemical analyses of the tumour. Prostate tissue biopsy samples are sent to the lab
for analysis by a pathologist. Microscopic examination of the biopsy specimens reveal
tumour patterns ranging from well-differentiated, small glands to poorly differentiated
sheets or cords of malignant cells. Five distinct glandular patterns are graded progressively
from most to least differentiated. This is referred to as the Gleason Grade (GG) of the
tumour and range from GG of | (well differentiated) to GG of 5 (poorly differentiated). The
GG of the two predominant patterns present in a biopsy specimen are added to yield the
final Gleason Score (GS) (see Figure 1.6). GS correlates well with other known prognostic
factors, such as tumour size, presence of pelvic lymph-node metastasis, and PSA level
(Baker AH et al., 2002) The lower the GS, the better the patient’s prognosis and vice versa.
Together with the TNM staging, the degree of malignancy of a tumour can be reported.

The occurrence of prostatic intra-epithelial neoplasia (PIN) is characteristic of pre-
malignant tumours and is commonly detected in prostate tissue biopsies collected for
examination to diagnose prostate cancer (Bostwick et al., 1995, Gaudin et al., 1997). PIN is
characterised by the presence of abnormally formed epithelial cells contained within the
glandular ducts. The cells form abnormally shaped glands that appear enlarged and sheet-
like and erode into the surrounding stroma (Egevad et al., 2006, Algaba Arrea et al., 1997).
PIN is a precursor to prostate cancer and many patients with detectable PIN in their tissue

biopsy specimen go on to develop prostate cancer (Zlotta and Schulman, 1999) (Dickinson,
2010) (see Figure 1.7).
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PROSTATIC ADENOCARCINOMA
(Histologic Grades)

Figure 1.6: The Gleason Grading of Prostate Cancer.
The Copyright permission granted by Elsevier/RightsLink for the use of the image (see

Appendix). Gleason grade (GG) of 1 is assigned to tissue that is well differentiated and
retains the glandular structures and is very similar to the glandular conformation observed
in normal tissue. GG of 2 is assigned to tissue that is still differentiated but less so, in
comparison to GG 1 tissue. GG of 3 is assigned to tissue with signs of glandular
disintegration and can be mild to moderate (A), moderate (B) or prominent (C) glandular
disaggregation within the tissue. GG of 4 is assigned to tissue with poor differentiation and
invasion of surrounding stroma, with the formation of non-distinct shaped cell masses and
can range from tissues with minimal glandularity (4) to no glandularity (B). GG of 5 is
assigned to tissues with no existing glands and the formation of infiltrating sheets of cells

that can range from moderately flat sheets (A) to flat sheets (B).
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. Prostate cancer tissues

~ Normal Prostate Tissues

Figure 1.7: Immuno-histochemical Analyses of Prostate Tissues.

Prostate cancer, high-grade PIN and normal prostate tissues were donated by Dr Colby
Eaton’s group at the University of Sheffield, U.K. Haematoxylin and Eosin Staining was
carried out according to methods described in Section 2.17. Normal prostate tissues are
characterised by the presence of intact glandular structures (red arrows) while erosion of
basement membrane and disruption of glandular structures are present in primary prostate
cancer tissue (blue arrows). In high-grade PIN tissues, there is formation of abnormally
shaped glands and glandular infiltration of surrounding stroma (green arrows). The
images were obtained using an inverted microscope and black bar represents size of 100
uM.
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1.3.5 Symptoms of Prostate Cancer

Many people with prostate cancer experience no symptoms but some patients have

symptoms, which include:

J Difficult and painful urination

. Blood in the urine

. Hip and back pain

J Frequent urination

. Decreased force of urine stream (Miller et al., 2003)

The above symptoms are also characteristic of BPH. In metastatic prostate cancer,

symptoms can include:

. Weight loss

. Anaemia

. Weakness or paralysis due to compression of the spinal cord
. Pain in the bones and joints

. In some cases, kidney failure (Kufe et al., 2003)

1.3.6 Diagnosis of Prostate Cancer
Prostate cancer progression is usually monitored by carrying out a prostate specific antigen
(PSA) test. This involves measuring the serum levels of PSA, which is originally produced
in the semen. PSA is a glycoprotein and a member of the kallikrein family of serine
proteases (MEROPS ID: S01.162, http://merops.sanger.ac.uk). PSA is an androgen
dependent marker for prostate cancer progression and can also be used during screening to
identify those at risk of prostate cancer (Heinlein and Chang, 2004). However, this test is
not a very good diagnostic marker as some patients with benign prostate enlargement also
produce elevated levels of PSA (Baker AH et al., 2002) Therefore, tissue biopsy specimen
has to be collected and histologically analysed for a complete diagnosis of prostate cancer.

In some cases, CT and MRI scans can also be carried out to detect any metastasis specific

to malignancy only (Tzikas et al., 2011).
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1.3.7 Management of Prostate Cancer
In patients at the early stage of the disease, where the tumour is still localised within the
prostate and patients have low Gleason grades and PSA levels, patients may undergo
surgical removal of the tumour and radiotherapy as curative measures, though not 100%
efficient. However, the chances of eradicating the disease at this early stage are increased
with surgery (Balk, 2002). In advanced stages of the disease where the cancer has spread to
lymph nodes surrounding the prostate, androgen ablation therapy is employed as a method
of treatment, whereby anti-androgen drugs such as flutamide (Higano et al., 1996) and
bicalutamide (See et al., 2001) are given to patients with a view to controlling the growth of
the tumour. By the time the disease advances to the distant metastatic stage, the majority of
patients would have developed hormone-refractory prostate cancer, whereby tumour
growth is independent of the presence of androgen and so anti-androgen drugs are
ineffective (Balk, 2002). At this stage, the disease is untreatable. The loss of androgen
sensitivity is thought to arise from a mutation in the androgen receptor a ligand-activated

nuclear transcription factor that is important for the growth of prostate cancer and its

response to hormone therapy (Taplin et al., 2003).

1.3.8 The Role of the Stromal compartment in Cancer

The stroma is an important component of the cellular microenvironment, providing support
and nutrition for growing cells. In the tumour microenvironment, the role of the stroma is
particularly important because there exists alterations in the conformation of the epithelial
cells, leading to a concomitant change in the stromal compartment as well (De Wever and
Mareel, 2003, Bishop, 1991). There are several components of the stroma — these include:
inflammatory cells, endothelial cells, fibroblasts and matrix components, all of which play
crucial roles in the development of the tumour (Mareel and Leroy, 2003).

The inflammatory cells comprise mast cells, macrophages and polymorphonuclear
leukocytes (PMN), all of which work together to effect tissue response to injury or
inflammation. The mast cells secrete soluble growth factors, proteinases and cytokines that
mediate angiogenesis and proliferation of endothelial, fibroblast and tumour cells
(Coussens et al., 1999). Macrophages also produce several cytokines and pro-angiogenic
factors that support stromal cell proliferation (Ono et al., 1999). PMNs are immune-
response mediators and act as first line of defense in tissue invasion and inflammation.

They recruit immune cells and secrete a host of cytokines and chemokines in response to
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inflammation (Di Carlo et al., 2001). In the hypoxic conditions associated with the tumour
microenvironment, the inflammatory cells produce cytokines and proteases that effect
alterations in the ECM and guide both cell proliferation and cell killing (Di Carlo et al.,
2001).
The endothelial cells respond to the presence of a tumour by eliciting increased
angiogenesis to supply blood to the growing tumour (Carmeliet and Jain, 2000). Also, the
increase in tumour vasculature enables the tumour cells to metastasize out of the primary
site — a phenomenon characteristic of several advanced cancers as reviewed previously
(Folkman, 1995). Angiogenesis is mediated by secreted growth factors both from the
tumour cells as well as the endothelial and inflammatory cells and these growth factors
mediate endothelial cell growth and motility. One of the most important of these pro-
angiogenic factors is vascular endothelial growth factor (VEGF) which is primarily
secreted by the endothelial cells and macrophages, and to some extent by the cancer cell in
the tumour environment (Carmeliet and Jain, 2000). Endothelial cells also secrete
endothelin-1 (ET-1) which enables proliferation of endothelial cells (Unoki et al., 1999).
With increase in tumour size come increases in pro-angiogenic factors such as transforming
growth factor beta (TGF-B) and platelet-derived growth factor (PDGF), all of which
modulate vascularisation and metastasis of the tumour (Lippman et al., 1987, Jechlinger et
al., 2006).
The fibroblasts, also components of the stroma, play an important role in the tumour
microenvironment. First there is a paracrine effect of the tumour cells on the fibroblasts —
an increase in the secreted levels of TGFB by tumour cells result in recruitment of
fibroblasts to the tumour and subsequent activation of fibroblasts to myofibroblasts
(Ronnov-Jessen and Petersen, 1993). ET-1 from endothelial cells and PDGF from tumour
cells also nourish and facilitate proliferation of myofibroblasts in the tumour
microenvironment. Myofibroblasts act as a major ‘supplier’ of proteinases and proteinase
inhibitors in the ECM (Knowles et al., 2012, Ito et al., 1995) and help to regulate their
homeostasis. Fibroblasts also secrete other major components of the stromal matrix such as
proteoglycans (Hassell et al., 1992), collagen (Noel et al., 1992), fibronectin (Clark et al.,
1997) all of which contribute to the structural framework of the supporting ECM. They are
also major secretors of matrix-degrading proteinases such as members of the MMPs
(Stuelten et al., 2005, Wandel et al., 2000) as well as proteinase inhibitors such as TIMPs
(Fernandez-Gomez et al., 2011), both of which play regulatory roles in tissue homeostasis.
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The importance of stromal cells to the growth and progression of tumours is clear and the
ever-increasing evidence suggests that the cancer cells are not independent of their stromal
compartments and that stromal cells even drive tumour progression via expression of
matrix-degrading proteases.

The summary of interactions of tumour and stromal cells is schematically represented in

Figure 1.8. In light of these findings, it is important to better understand the proteases and

their inhibitors and these will be discussed below.
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Figure 1.8: The Interactions between Tumour and Stromal Cells.

The stromal compartment comprises endothelial cells, inflammatory cells, fibroblast cells
and ECM components. The autocrine secretion of growth factors by the tumour cells
induces the proliferation of stromal cells and vice versa. Also, angiogenesis is mediated in
the tumour microenvironment via paracrine signalling between the endothelial and tumour
cells. The production of cytokines and growth factors by inflammatory cells also modulate
tumour cell growth. Proximity of the tumour cells to fibroblasts also results in activation of
fibroblasts to myofibroblasts and concomitant secretion of growth factors, proteinases,
proteinase inhibitors into the microenvironment — these are all recruited to the tumour cells

and mediate their growth, migration and invasion.
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1.4 PROTEASES

Proteases or peptidases, as they are sometimes called, are a group of enzymes that function
by cleaving peptide bonds formed by amino acids in proteins (Simpson, 2007). They are
ubiquitously expressed in nature and function mainly by cleaving peptide bonds within a
protein (endopeptidase), at the N- or C- terminal regions of a protein (exo-peptidases) and
thus are generally classed on these characteristics. In humans, proteases are key players in
biological processes such as digestion of food (e.g. pepsin), blood clotting (e.g. thrombin),
growth and development of cells (e.g. PSA) and signalling pathways (e.g. the proteasome
and caspases). The classification of proteases based on the type of peptide bonds they
cleave (Bairoch, 1994), is described in Figure 1.9.

Serine proteinases

Cysteine proteinases

Proteinases/ Aspartic proteinases
Threonine proteinases

Metalloproteinases

oteinases of unknown catalytic mechanism

Proteases

Amino-peptidases

Carboxy-peptidases

Figure 1.9: Schematic Representation of the Super-family and Family of Proteinases
According to the MEROPS Database of Proteinases and their Inhibitors.

Also see MEROPS database available on http://merops.sanger.ac.uk (Rawlings et al.,
2010)
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For the purpose of this report, only the endopeptidases will be discussed, with emphasis on

metalloproteinases, as relevant to the research project.

1.4.1 Serine Proteinases
This is the most widely studied and largest class of proteinases and belongs to the E.C.

3.4.21 class of enzymes according to the international union of biochemistry and molecular
biology (IUBMB) (Bairoch, 1994). They act primarily by cleavage of peptide bonds within
the core of the protein and this is mediated by a triad of amino acids (Ser 195, His 57, and
Asp 102) located in the catalytic site of the proteinase. This triad of amino acids is
collectively called the catalytic triad and is widely conserved amongst members of this
family of enzymes, and is important in their mechanism of action (Hartley, 1970,
Hedstrom, 2002, Kraut, 1977). Serine proteinases are broadly divided into 12 clans and 79
families — only 8 of these families are found in humans. Mammalian serine proteinases
participate in diverse biological functions such as digestion (e.g. trypsin); blood clotting
(e.g. thrombin, plasmin), signal pathway processing (e.g. signal peptidase I, furin, the
proteasome) and reproduction (e.g. kallikrein 3). According to the MEROPS database of

proteinases, members of the serine proteinases are denoted by a prefix “S” followed by a

specific number, which defines the family.

1.4.2 Cysteine Proteinases
This is a class of proteinases that is ubiquitously expressed in plants and animals and play

diverse roles in physiology and pathophysiology in mammals (Leung-Toung et al., 2002).
They are widely grouped into 8 clans and 96 families — only 11 of the families are found in
humans. Their enzymatic activity is mediated by a catalytic triad in their active site
comprising a cysteine, aspartate and histidine residue, located close to each other (Nishihira
and Tachikawa, 1999). In mammals, cysteine proteinases comprise some cathepsins,
calpains and caspases, all of which play important roles in biological processes e.g.
cathepsin K plays a major role in bone resorption and skeletal muscle integrity (Inaoka et
al.,, 1995), caspase 8 plays a major role in programmed cell death alongside caspase 3
(Denault and Salvesen, 2002, Salvesen, 2002) and calpain 1 has been shown to be involved
in cell cycle progression (Janossy et al., 2004). They belong to the E.C. 3.4.22 class of
enzymes according to IUBMB and are denoted by “C” followed by the family number.
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1.4.3 Aspartic Proteinases
This class of proteinases belong to the E.C. 3.4.23 class of enzymes according to IUBMB
and members are denoted by “A” followed by a number, according to MEROPS. They are
widely grouped into 5 clans and 16 families — only 2 of the families are found in humans.
Their enzymatic activity is largely dependent on two conserved aspartate residues in their
catalytic domain (Pearl, 1987). In mammals, their main function is digestion, with pepsin A
found predominantly in gastric secretions (Baxter et al., 1990) and cathepsin E in

endosomes where it is implicated in antigen processing (Maric et al., 1994, Chain et al.,
2005)

1.4.4 Threonine Proteinases

This is a relatively small class of proteinases, in comparison to serine proteinases and
belongs to the E.C. 3.4.25 class of enzymes according to IUBMB and is denoted by “T”
followed by a number, according to MEROPS. They are widely grouped into 6 families, 2
of which are found in humans. The catalytic site of this family contains a threonine residue
necessary for its enzymatic activity (Seemuller et al., 1995). Members of this family
include polycystin-1 that plays an important role in renal tube formation in kidneys
(Scheffers et al., 2000) and are also found in the proteasome. The N-terminal threonine

residues of some of the beta subunits are the nucleophiles in catalysis (Seemuller et al.,
1995).

1.4.5 Maetalloproteinases

This class of proteinases belongs to the E.C.3.4.24 according to IUBMB and are denoted by
‘M’ followed by the family member, according to the MEROPS database. They constitute a
family of metal ion-dependent enzymes, with a zinc-binding site in their catalytic domain
(Stocker and Bode, 1995, Stocker et al., 1995). The zinc-binding domain is well conserved
in this family, with the sequence x-x-x-H-E-x-x-H-x-x. They are also commonly called the
“metzincins” because of their conserved zinc-binding domain (Rawlings and Barrett, 1995,

Hege and Baumann, 2001). They are widely grouped into 16 clans and 86 families — only
11 of these families are found in humans.
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1.4.5.1 Matrix Metalloproteinases (MMPs)

In many biological processes such as development, wound healing and in many
pathological processes, there is extracellular matrix (ECM) breakdown resulting from an
increase in proteinase activity. Some of the proteinases implicated include the matrix
metalloproteinases (MMPs) otherwise known as the matrixins. The MMPs belong to the
family M10 subfamily M10A of proteinases, according to the MEROPS database. These
enzymes are secreted by cells as inactive pro-enzymes or zymogens that become activated
via initial cleavage of the signal peptide post-translationally in the endoplasmic reticulum,
followed by furin cleavage of the pro-peptide giving rise to an active neutral
metalloproteinase that depends on water molecules bound to the Zn>" binding site for its
activity (Visse and Nagase, 2003). There are 24 known MMPs in mammals, majority of
which are responsible for the degradation of components of the ECM (Nagase and
Woessner, 1999b, Bode et al., 1999). They have been implicated in several degenerative
disorders, including arthritis and cancer, with correlation between MMP activity and
invasion and metastatic potential observed in various cancers as previously reviewed
(Folgueras et al., 2004).

The basic structure of MMPs consists of a preceding signal peptide at the N-terminal
domain followed by a pro-peptide, a furin cleavage site and then a catalytic domain. The
catalytic domain contains a Zinc binding region that is mandatory for the maintenance of
the catalytic function of the metalloproteinase (Bode et al., 1999). The zinc ion is bound to
the catalytic domain via three histidine residues in the conserved zinc-binding motif: H-E-
x-x-H-x-x-G-x-x-H of the metallo-enzyme. The pro-peptide maintains the enzyme in its
latent state via the cysteine residue in a conserved motif P-R-C-G-x-P-D. The cysteine

residue is able to associate with the zinc binding domain to prevent its catalytic function

(Nagase and Woessner, 1999a). In some MMPs, the catalytic domain also contains
fibronectin type Il inserts, which play a role in the substrate specificity of the MMP e.g.
gelatinase/MMP-2 (Murphy et al., 1985). In the C-terminal region, the haemopexin-like
domain is a tetrad structure, which is essential for the interaction of MMP with other

proteins and is a determinant of most MMPs specificity for their substrate (Murphy et al.,

1985) (see Figure 1.10).
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Figure 1.10: Schematic Diagram Representing the MM Ps and MT-MMPs.
The signal peptide, furin cleavage site, pro-peptide, catalytic domain and haemopexin-like
domains are characteristic of most MMPs, with the exception of MMP-7 and MMP-26 that

have no haemopexin domain. The trans-membrane/GPI anchor and cytoplasmic domains in
dotted circle is only present in MT-MMP.

MMPs are further divided into subsets based on the organization of their domains. These
subsets are: membrane-bound MMPs, collagenases, stromelysins, matrilysins, gelatinases
and other MMPs (Visse and Nagase, 2003).

The MT-MMP is a subset of the MMPs whose members are characteristically anchored to
the cell membrane via a C-terminal trans-membrane or GPI-anchored domain, with an
additional C-terminal cytoplasmic domain at the tail end of the enzyme (Zucker et al.,
2003). Members include: MTI-MMP (MMP-14), MT2-MMP (MMP-15), MT3-MMP
(MMP-16), MT4-MMP (MMP17), MT5-MMP (MMP-24) and MT6-MMP (MMP-25)
(Zucker et al., 2003).

The collagenases subset comprises MMPs that cleave interstitial collagen molecules in the
ECM. Their C-terminal region contains the tetrad haemopexin-like domain that enables
them to carry out their collagenolytic function (Tam et al., 2004). Members include:
collagenase-1 (MMP-1), collagenase-2 (MMP-8), collagenase-3 (MMP-13) and non-
mammalian collagenase-4 (MMP-18) (Visse and Nagase, 2003). MMP-14 is also a very
efficient collagenase (Tchetina et al., 2005, Schneider et al., 2008).

The stromelysins subset comprises MMPs that share structural similarity to the
collagenases in general, but lack the collagenolytic activity. Their members include
stromelysin-1 (MMP3) and stromelysin-2 (MMP-10) both of which are able to cleave
several non-collagen ECM molecules and are players in the activation of pro-MMPs (Visse
and Nagase, 2003). Stromelysin-3 (MMP-11) is the third member of this subset but is

structurally different from the other stromelysins because it contains a furin recognition site
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at the C-terminal of its pro-peptide, enabling intracellular cleavage and activation of the
enzyme. Stromelysin-3 also has a weak affinity for ECM molecules but strong affinity for
serpins (Gall et al., 2001).

The Matrilysins subset comprises MMPs that lack a haemopexin-like domain (Windsor et
al,, 1997). The members include matrilysin-1 (MMP-7) and matrilysin-2 (MMP-26).
Matrilysin-1 is characteristically secreted by epithelial cells and is able to degrade ECM
molecules as well as some cell surface molecules like E-cadherin (Noe et al., 2001).
Matrilysin-2 is an intra-cellular enzyme that is capable of digesting ECM molecules like
fibronectin and vitronectin (Noe et al., 2001, Marchenko et al., 2001).

The gelatinases subset comprises MMPs that have the haemopexin-like domain in their C-
terminal region as well as fibronectin inserts in the N-terminal catalytic domain. This
enables them to bind to ECM components like gelatin, elastin and collagen to effect
digestion of these molecules (Allan et al., 1995, Patterson et al., 2001). Members include
gelatinase-A (MMP-2) and gelatinase-B (MMP-9).

In addition to the above subsets, there are also other MMPs that have diverse functions.
Members include macrophage elastase (MMP-12) which is expressed in human alveolar
macrophages and is capable of cleaving elastin (Shapiro et al., 1993) and has been
implicated in the development of emphysema (Haq et al., 2011), rheumatoid arthritis
synovial inflammation (MMP-19) which cleaves molecules of the basement membrane and
is found in lymphocytes of rheumatoid arthritis patients (Sedlacek et al., 1998, Kolb et al.,
1997) and has also been identified as an anti-angiogenic tumour suppressor, (Chan et al.,
2010). Enamelysin (MMP-20) possesses amelogeninolytic properties and is primarily
found in the enamel of newly formed teeth (Sulkala et al., 2002). MMP-21 has gelatinolytic
properties and is largely expressed in melanomas (Skoog et al., 2006, Kuivanen et al.,
2005) and squamous cell carcinomas (Boyd et al., 2009).

MMP-23 is a unique member of this subset of MMPs as a result of the different
arrangement of its domains in comparison to other MMPs — it has no haemopexin-like
domain but instead, contains a cysteine-rich domain. It also has a trans-membrane domain
in its pro-peptide at the N-terminal region (Pei, 1999). Next to the pro-peptide is a furin
cleavage site, which enables the enzyme to be activated intracellularly or during secretion
(Pei et al., 2000). MMP-27 is the same enzyme as chicken MMP-22 (Yang and Kurkinen,
1998) but the function remains unclear. MMP-28 is found in keratinocytes (Lohi et al.,
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2001) and may also play a role in the epithelial to mesenchymal transition of lung cancer
epithelial cells (Illman et al., 2008).

MMPs have been implicated in several developmental and pathological roles over the
years. They are particularly implicated in cancers such as breast, colon, and prostate cancer
as previously reviewed (Folgueras et al., 2004) where their expression has been shown to
positively correlate with disease progression. Several drugs have been manufactured as
synthetic MMP inhibitors e.g. Prinomastat and Marismastat, but poor efficacies and
tolerability has been reported due largely to the cytotoxic effect of the drug and its inability

to improve survival rates of cancer patients has led to its discontinuation as therapy for

cancer (Bissett et al., 2005, Sparano et al., 2004).

1.4.5.2 A Disintegrin and metalloproteinase (ADAM)

This is a subset of the adamalysin subfamily of metzincins and belongs to the M12B
subfamily according to MEROPS. They share N-terminal sequence similarity to the MMPs
in that they are synthesized as pro-enzymes and possess a signal peptide domain, pro-
peptide domain and a catalytic domain within their N-terminal region (Seals and
Courtneidge, 2003). Also the H-E-x-x-H-x-x-G-x-x-H zinc-binding motif in the catalytic
domain and the R-C-G-x-P-D conserved cysteine motif in the pro-peptide in MMPs are
also conserved in ADAMs (Seals and Courtneidge, 2003). However, the difference lies in
the C-terminal region of these proteinases, which contains a characteristic cysteine-rich
domain, a disintegrin-like domain, an epidermal growth factor (EGF)-like domain, a trans-
membrane domain and a cytoplasmic domain, hence their alias of MDC (metallo-
proteinase-like, disintegrin-like, cysteine-rich proteins (Takeda et al., 2006). The presence
of the trans-membrane domain enables the enzyme to be membrane-anchored and therefore
localized on the cell surface. The cysteine-rich domain and the disintegrin-like domain
present in the extra-cellular region of the proteinase enable its interaction with ECM
proteins in order to enforce its proteolytic function. The presence of an integrin-binding
motif R-x-x-x-x-x-x-D-E-V-F in the disintegrin-like domain of the ADAMs enable them to
bind to integrins in the ECM while the cysteine-rich domain has high affinity for ECM
molecules like heparan sulphate proteoglycans (Seals and Courtneidge, 2003) (see Figure
1.11). The role of the EGF-like domain is unclear.
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Figure 1.11: Schematic Diagram Representing the ADAMs.

The signal peptide, pro-peptide, furin cleavage site, catalytic domain, cysteine-rich domain,
disintegrin-like domain, EGF-like domain, trans-membrane and cytoplasmic domains are
characteristic of members of the ADAM family, with the exception of ADAM-8, ADAM-20),

ADAM-28 and ADAM-30 that lack the furin cleavage site.

ADAM metalloproteinases function as “Sheddases™ with characteristic ability to cleave
proteins from their membrane-bound form, and release them from the cell membrane with
diverse biological consequences (Zhang et al., 2000).

There are 24 known human ADAMSs (Klein and Bischoff, 2011). In humans, the ADAM
family is broadly divided into two subsets: ADAMs with no known proteolytic activity and
ADAMs with known proteolytic activity.

ADAMs with no known proteolytic activity include: ADAM-2, -3, -6, -7, -11, -16, -18, -
21/-31, -22, -23, -27 and -29.

ADAMs with known proteolytic activity includes: ADAM-1, -8, -9, -10, -12, -15, -17, -19,
-20, -28, -30 and -33. ADAMI10 and ADAMI17 are the most relevant to this research and
will be discussed further.

ADAM-10 is also known as CD156¢ and its pro-enzyme is also cleaved by proteolytic
cleavage to release its active form which plays multifunctional roles; it sheds chemokines
and their receptors e.g. CXCL16 (Abel et al., 2004) as well as the membrane-bound form of
FAS ligand, releasing soluble FAS which plays a major role in the regulation of cellular
apoptosis (Kirkin et al., 2007, Liu and Chang, 2011). It was first identified due to its myelin
basic protein-cleaving activity (Amour et al., 2000). It promotes tumour migration and
metastasis via its ability to shed CD44 (pro-migratory molecule) (Murai et al., 2004).
ADAM-10 also plays a role in shedding of HER2 in the HER2 signalling pathway required
in breast cancer (Liu et al., 2006).

ADAM-17 is the most widely studied member of the ADAMSs and is also known as TNF-
alpha converting enzyme (TACE). It is produced as a pro-enzyme and activated by

proteolytic cleavage (Moss et al., 1997a). Its major role is in the conversion of membrane-
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bound pro-TNF to soluble TNF (Moss et al., 1997a). It also plays roles as a sheddase of L-
selectin which is important in cellular adhesion (Condon et al., 2001), TGF-a, an important
pro-inflammatory cytokine (Liu et al., 2009), and epigen (Sahin and Blobel, 2007). It is
also an important mediator of tumour formation and metastasis as evident in studies
showing cells that had lost ADAM-17 were unable to form tumours and also unable to

invade the surrounding environment (Franovic et al., 2006).

1.45.3 A Disintegrin and metalloproteinase with Thrombospondin
Motif (ADAMTSs)

This is a subset of the adamalysin subfamily of metzincins and belongs to the M12B
subfamily according to the MEROPS database. They possess a signal peptide domain, pro-
peptide domain and a catalytic domain within their N-terminal region (Kaushal and Shah,
2000). The H-E-x-x-H-x-x-G-x-x-H zinc-binding motif in the catalytic domain and the R-
C-G-x-P-D conserved cysteine motif in the pro-peptide in MMPs are also conserved in
ADAMTSs. However, the differences lie in the C-terminal region of these proteinases,
which contains a characteristic cysteine-rich domain, a thrombospindin type-1 domain,
spacer region and several thrombospondin type-1 repeats (Kuno and Matsushima, 1998),
with the exception of ADAMTS-4 which has no thrombospondin repeats (Kashiwagi et al.,
2004). The ADAMTSs also bear structural similarity to the ADAMs in their N-terminal
region, with the presence of the furin cleavage site between the signal peptide and the pro-
peptide (Apte, 2004) (see Figure 1.12). Another unique characteristic that distinguishes
them from the ADAMs is that although they are secreted proteins, they are localized
predominantly in the ECM (Tang, 2001).
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Figure 1.12: Schematic Diagram Representing the ADAMTSs.
The signal peptide, pro-peptide, furin cleavage site, catalvtic domain, thrombospondin
repeats and cysteine-rich domain are characteristic of members of the ADAM family,

Figure 1.12 shows the conserved domains present in all ADAMTS members. They undergo
signal peptidase processing to remove the signal peptide co-translationally and proteolytic
cleavage to activate the enzymes. There are 19 known ADAMTSs in the human genome,
which are classified based on their proteolytic properties: the ‘orphan® ADAMTSs, whose
functions remain more-or-less obscure, and the known proteolytic ADAMTSs. The
‘orphan” ADAMTSs include: ADAMTS -6, -7, -10, -17, -18, -19 and -20 and the known
proteolytic ADAMTSs include: ADAMTS -1, -2, -3, -4, -5 (-11), -8, -9, -12, -13, -14, -15
and -16 (Porter et al., 2005).

The aggrecanases include ADAMTS -1, -4, -5, -9 and -15 and have been shown to break
down predominantly aggrecan and homologous large aggregating proteoglycans (Nagase
and Kashiwagi, 2003). ADAMTS-1 is also known as METH-1 and has also been shown to
break down versican (Nakamura et al., 2005b). ADAMTS-4 is also known as aggrecanase |
and ADAMTS-5 is also known as aggrecanase-2 - both cleave brevican, (proteoglycan that
is expressed in the CNS) and versican (Matthews et al., 2000, Kuno et al., 2000).
ADAMTS -1, -4 and -8 possess anti-angiogenic properties (Dunn et al., 2006, Hsu et al.,
2012), and ADAMTS-8 is expressed at low levels in breast carcinoma (Porter et al., 2004).
ADAMTS-9 has been reported to also cleave versican (Kern et al., 2010) while the role of
ADAMTS-15 is not very clear and recent studies may indicate that it is protective against
prostate cancer progression (Molokwu et al., 2010).

The pro-collagen-N-proteinases include ADAMTS -2, -3 and -14 and their role is in the
conversion of pro-collagens to collagens via removal of the pro-peptide in the N-terminus
of the proteins. ADAMTS-2 has the widest catalytic profile, with reported activity on pro-
collagens I, II and III (Colige et al., 1997). ADAMTS-3 has been reported to cleave pro-
collagen II (Fernandes et al., 2001) while ADAMTS-14 cleaves pro-collagen-I (Colige et

46



al., 2002). ADAMTS-2 has also been reported to inhibit angiogenesis via mechanisms that
are independent of its collagenolytic functions (Dubail et al., 2010)

The GON-ADAMTSs include ADAMTS -9 and -20. They are so named because of the
sequence similarity they bear to the ADAMTS gene gon-/ found in C elegans (gon-1 is
responsible for gonadal development). They both have an additional gon domain in their C-
terminal region as well as 14 thrombospondin repeats adjacent to their cysteine-rich domain
(Somerville et al., 2003). The role of these ADAMTSs in human gonadal development has
not been shown, despite the similarity of their C-terminal region with the well-
characterized C elegans gon-1 gene. ADAMTS-9 mRNA has been shown to be elevated in
metastatic head and neck cancer (Demircan et al., 2009) and in a rat model of stroke (Reid
et al., 2009).

The von-Willebrand factor cleaving and activating enzyme is ADAMTS-13 and is so
named because its main substrate is von-Willebrand factor — a protein that plays an
important role in haemostasis through interactions with Factor VIII and platelets (Sadler,
1998). Mutations in the ADAMTS-13 gene have been shown to result in thrombotic

thrombocytopenic purpura, which results in renal failure, neurological dysfunction and

anaemia (Fontana et al., 2004).

Some of the orphan ADAMTSs have variable expression patterns in pathological processes

e.g. ADAMTS-16 gene expression is up regulated in osteoarthritis (Kevorkian et al., 2004)
and ADAMTS-12 expression in breast cancer (Porter et al., 2004).

1.5 PROTEINASE INHIBITORS

Proteinase inhibitors are proteins that inhibit proteinases and are ubiquitously expressed in

nature. They are mainly classified into super families according to the type of proteinase
they inhibit. These are:

e Serine proteinase inhibitors

» Cysteine proteinase inhibitors
e «-2-Macroglobulin

e Metallo-proteinase inhibitors

There are 415 known proteinase inhibitors in the human genome, compared to 698

proteinases (MEROPS). To date, there are 91 families of proteinase inhibitors.
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1.5.1 Serine Proteinase Inhibitors

Whilst this is not the best name for this group of inhibitors, their characteristic ability to
inhibit S1 and S8 families of serine proteinases (Dufour et al., 1998) have earned them this
nickname. There are over 500 members of this inhibitor family identified to date. They also
inhibit family C1 (Irving et al., 2002) and family C14 (Komiyama et al., 1994) of cysteine
proteinases. They exert their inhibitory property by irreversibly binding to the active
catalytic region on the proteinase thereby causing conformational distortion of and
subsequent inactivation of the enzyme (Silverman et al., 2001). They are also commonly
known as Serpins although this term rightly refers to the 14 family of serine and cysteine
proteinase inhibitors. Serpins are sub-divided into 36 clades, 29 of which are inhibitory and
7 of which are non-inhibitory (Silverman et al., 2001).

The non-inhibitory clades of serpins include: Serpin A2, All, A12, A13, B10, B11 and
B12 while the inhibitory clades include: Serpin A1, A3, A4, A5, A6, A7, A8, A9, A10, BI,
B2, B3, B4, B5, B6, B7, B8, B9, B13, C1, D1, El, E2, F1, F2, G1, H1, N1 and N2.

1.5.2 Cysteine Proteinase Inhibitors
This super-family of inhibitors comprises inhibitors from the 14, 125, 127 and 132 of

inhibitors according to MEROPS. They inhibit C1, C2 and C14 families of proteinases and
include the stefins, cystatins, calpastatins, survivin and kininogens (Muller-Esterl et al.,
1985a)

The stefins are largely intracellular and include cystatin A and cystatin B; cystatin A is
expressed by neutrophilic granulocytes and epithelial cells (Jarvinen et al., 1987) while
cystatin B is expressed during embryonic development (Afonso et al., 1997).

The cystatin family is largely extracellular and includes cystatin C, cystatin D and cystatin
S. Cystatin C has a wide distribution (Nagai et al., 2008). Cystatin D is expressed in saliva
(Freije et al., 1991) while cystatin S is expressed in tears, urine, saliva, pancreas, bronchi

and gall bladder.
Calpastatins inhibit calpains 1 and 2 of the C2 family of proteinases (Todd et al., 2003) and

to a lesser degree, calpain 3.
Survivin is an inhibitor of the caspases in C14 family of proteases and plays a major role in

cellular survival and homeostasis (Guzman et al., 2009, Chandele et al., 2004, Shankar et

al., 2001).
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The kininogen family comprises H-kininogen and L-kininogen, both of which are
expressed as extracellular proteins in plasma. Their roles include inhibition of C1 proteases

including cathepsin L and are also involved in blood clotting processes (Muller-Esterl et al.,
1985b).

1.5.3 @-2-Macroglobulin
This is an inhibitor of most proteinases that was first discovered in 1973 (Barrett and
Starkey, 1973). It has a unique mode of action (Salvesen & Barrett, 1980) and is produced
in the liver and is abundant in the blood. It is also expressed by fibroblasts (Boel et al.,

1990) and macrophages (Hussaini et al., 1990).

1.5.4 Maetalloproteinase Inhibitors
In humans, there are several metalloproteinase inhibitors, including: a-2-macroglobulin
(see Section 1.5.3), B-amyloid precursor protein (inhibition of MMP-2) (Hashimoto et al.,
2011) and reversion-inducing cysteine-rich protein RECK (inhibition of several MMPs
including MMP-9, MMP-2) (Oh et al., 2001, Takeuchi et al., 2004). However, the most

widely studied metalloproteinase inhibitors are members of the TIMP family and these will
be discussed further.

1.6 TISSUE INHIBITOR OF METALLOPROTEINASES

The tissue inhibitor of metalloproteinases are a family of metalloproteinase inhibitors that
are ubiquitously expressed in a variety of tissues and biological systems (Fata JE et al.,
2001). They belong to the 135 family of inhibitors according to the MEROPS database. In
humans, this family consists of four family members TIMP-1, -2, -3 and -4, and these
TIMPs are all secreted proteins (Apte et al,, 1994). By virtue of their MMP-inhibitory
activity, the TIMPs have a major role in regulation of matrix composition and therefore
affect a wide range of physiological processes such as growth, invasion, migration,
angiogenesis, transformation and apoptosis (Lambert et al., 2004). The human TIMPs
possess sequence identity of about 40% and contain 12 cysteine residues that are conserved
in all members that form 6 disulphide bonds (Apte SS et al., 1995) (see Figures. 1.14 and
1.15). The N-terminal region of all TIMPs is highly conserved across all members and

takes up about 2/3 of the entire protein (Murphy et al., 1991). As well as inhibiting the
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MMPs (Visse and Nagase, 2003), TIMPs also inhibit most of the proteolytic ADAMs
(Klein and Bischoff, 2011) and the ADAMTS aggrecanases (Porter et al., 2004). The
TIMP: proteinase binding consists of a unique I:1 stoichiometry thus maintaining
homeostasis and proteolytic regulation in tissue physiology. Alteration in the balance in

favour of the proteinases often results in pathological conditions (Nagase and Woessner,

1999a).

1.6.1 TIMP-1
TIMP-1 comprises 207 amino acids, with 23 amino acids in its signal peptide and 184

amino acid residues in its mature protein structure. Its relative molecular mass in its
unglycosylated form is about 21kDa and has 2 known N-glycosylation sites (Okada et al.,
1994). Its X-ray crystal structure has been solved and demonstrates binding of the N-
terminal domain of TIMP-1 to the catalytic domain of MMP-1 thus eliciting an inhibitory
function (lyer et al., 2007). TIMP-1 has also been reported to inhibit ADAM-10 (Schelter et
al.,, 2011, Amour et al., 2000). TIMP-1 is mainly expressed as a soluble protein and has

been reported to confer proliferative advantages to cells such as fibroblasts (Welgus et al.,

1979).

1.6.2 TIMP-2
TIMP-2 comprises 220 amino acids, with 26 amino acids in its signal peptide and 194

amino acid residues in its mature protein structure and has a relative molecular mass of
22kDa (Fridman et al., 1992). There are no known glycosylation sites in the protein
(Wingfield et al., 1999) and it is constitutively expressed as a soluble protein known to
inhibit MMPs and ADAMs as previously reviewed (Brew and Nagase, 2010). It has
proliferative functions as shown in its enhancement of the growth of fibroblasts and
erythroid precursors as well as pro-apoptotic effects as shown in its inhibition of the growth

of human T-lymphocytes and colorectal cells (reviewed in (Brew and Nagase, 2010)

1.6.3 TIMP-4
TIMP-4 comprises 224 amino acids, with 29 amino acids in its signal peptide and 196

amino acids in its mature protein structure. It has no known glycosylation sites and is
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synthesized as a soluble protein with a relative molecular mass of about 22kDa (Bigg et al.,
1997).

1.6.4 TIMP-3

TIMP-3 is the main focus of the project. It comprises 211 amino acids, with 23 amino acids

in its signal peptide and 188 amino acids in its mature protein (Apte SS et al., 1995).

1.6.4.1 Structure of TIMP-3
The TIMP-3 gene is large, compared to other members. It is about 30kbp in size and

contains large introns and a long 3’ untranslated region. Exon 1 of the gene contains the 5’
untranslated region and also encodes the signal peptide as well as the N-terminal region of
the mature protein. The translation termination codon and the 3’ untranslated region are in

exon 5 (Figurel.13) (Apte SS et al., 1995).

5° UTR 1" 12 13 14 UTR
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Figure 1.13: Schematic structure of the timp-3 gene.

The solid line represents the full length of the gene, both the translated and untranslated
regions (UTR). The translated region comprises 5 exons labelled E1 — E5 and 4 introns
labelled 11 — 14. The size of exon 5 is variable, depending on polyadenylation signal (grey
box) and has been denoted E5 +/- (A)n.

TIMP-3 is also unique in that unlike other members of the family that become freely
diffusible within the cellular microenvironment after secretion, TIMP-3 becomes tightly
bound to the ECM via its C-terminus, although the basicity of the N-terminus with Lysine
residues at Lys 26, 27, 30 and 76 (see Figure 1.6.4.1.2) may also be a contributing factor to
the molecule’s affinity to the ECM (Langton et al., 1998).

The stability of TIMP-3 in the ECM is a feature that is specified by the 3 loops comprising
its C-terminus, and studies showed that recombinant TIMP-3 lacking the COOH region was
obtained from the medium used, and did not bind to the ECM (Baker AH et al.). The six

disulphide bonds arise from the 12 conserved cysteine residues and these form the basis of
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the 6-loop protein structure (see Figure 1.14); three of which make up the N-terminal
domain and the other three make up the C-terminal domain (Apte SS et al., 1995).

The x-ray crystal structure of TIMP-3 is yet unknown. However, there is a postulated
model based on its similarity to TIMP-1. The structure of N-TIMP-3 in complex with
TACE is shown in Figure 1.14 and the sequence similarity between TIMP-3 and other
TIMPs is represented as a PRALINE multiple alignment format (Simossis and Heringa,
2005) in Figure 1.15. The beta sheets and helices of N-TIMP-3 are super-imposed on the

sequence alignment:
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Figure 1.14: 3D Ribbon Structure of TACE-N-TIMP-3 Interaction

The 3D structure of the complex formed by binding of the catalytic domain of TACE
(green) to the N-terminal domain of TIMP-3 (orange). The TIMP-3 structure is based on
the similarity of TIMP-3 to TIMP-1, whose structure is well characterised and x-ray
structure available. The 5 interrupted beta-sheets (sA — sE) and the 2 helices (hl — h2) of
the N-terminal TIMP-3 are shown. The Lysine residues (Lys26, 27, 30 and 76) that are

important for ECM binding are shown as protruding orange and blue sticks. Copyright
permission to reproduce image is detailed in Appendix.
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Figure 1.15: PRALINE Sequence Alignment of the TIMPs Showing Similarity. The
sequences of TIMPs 1-4 were imput into PRALINE online software for generation of
colour-coded alignment and conserved motif identification. The key on the lower right side
of the image shows colour coding for unconserved and conserved amino acids in the
sequences, with blue representing least conserved amno acids and red representing most
conserved amino acids ad scored from 1-10 likewise. “*” represents the alignment of the
12 cysteine residues that make up the 6 disulfide bonds characteristic of TIMPs. The beta
sheets sA - sE (blue arrows) and helices hl and h2 (blue cylinders) depicted in Figure
1.6.4.1.2 are superimposed on the sequences. The black arrow indicates the end of the N-

terminal and the start of the C-terminal region of TIMP-3.
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1.6.4.2 Expression Profile of TIMP-3
TIMP-3 is widely expressed in different tissue types and to different degrees. It is highly

expressed in placenta, lung and retina of the eye (see Figure 1.16). The expression and

relative amounts of TIMP-3 transcripts in different tissues are represented below:
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Figure 1.16: Expression Profile of TIMP-3 Transcripts in Different Tissues.

These data were obtained using the free BIOGPS software available at http://biogps.com
(Wu et al., 2009a). Units represent relative quantification of TIMP-3 mRNA in tissue
samples. Expression levels of TIMP-3 mRNA in the prostate is highlighted in the black box.
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1.6.4.3 Functions of TIMP-3

1.6.4.3.1 Growth and Development
TIMP-3 expression in foetal hair follicle and foetal kidney has highlighted its role in foetal

development. This is mediated by the balance of homeostasis of proteinases and TIMP-3,

thereby regulating tissue turnover and normal development of the foetus (Airola et al.,

1998).

1.6.3.4.2 Inhibition of Metalloproteinases
TIMP-3 inhibits several metalloproteinases and this is summarised in tabular format below:

Proteinase TIMP-3 K/ Value (nM) Literature References
MMP-1 0.16 (Zhao et al., 2004)
MMP-2 N/R (Zhao et al., 2004)
MMP-3 N/R (Wetzel et al., 2003)
MMP-7 N/R (Woessner, 1996)
MMP-8 N/R (Pavloff et al., 1992)
MMP-9 N/R (Negro et al., 1997)
MMP-13 N/R (Knauper et al., 1996)
MMP-14 (MT1-MMP) 0.16 (Zhao et al., 2004)
MMP-15 MT2-MMP) N/R (Butler et al., 1997)
MMP-16 (MT3-MMP) 0.008 (Zhao et al., 2004)
MMP-17 (MT4-MMP) 10 (Amour et al., 2002)
MMP-19 0.005 (Stracke et al., 2000)
ADAM-10 10 (Amour et al., 2002)
ADAM-12 100 (Amour et al., 2002)
ADAM-15 NR (Maretzky et al., 2009)
ADAM-17 (TACE) 10 (Amour et al., 2002)
ADAM28 N/R (Mochizuki et al., 2004)
ADAMTS-1 N/R (Rodriguez-Manzaneque et al., 2002)
ADAMTS-2 106 (Wang et al., 2006)
ADAMTS-4 7.9 (Hashimoto et al., 2001)
ADAMTS-5 N/R (Kashiwagi M et al., 2001)

Table 1.1: Proteinases Inhibited by TIMP-3 and the Inhibitory Constants (Ki).

NR = not reported.
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ADAM-17/TACE (TNF Alpha Convertase Enzyme) is responsible for processing
membrane bound TNF to its soluble form. TIMP-3 controls TNF shedding by inhibiting
TACE, and thus regulating the levels of TNF both in tissue homeostasis and tissue response
to injury. Mohammed et a/ (Mohammed et al., 2004) demonstrated that TACE activity was
up regulated in the livers of timp-3"" mice, and that partial hepatectomy resuited in
uncontrolled production of TNF (Wang et al., 2006) by the recruited macrophages, which,
in the absence of TIMP-3, resulted in hepatic necrosis and eventual morbidity in these
mice. TIMP-3 can also inhibit ADAMTSs, some of which, like TIMP-3, are located in the
ECM via interactions with sulphated glycosaminoglycans (GAG). Wang et al (Wang et al.,
2006) demonstrated the inhibition of the pro-collagen N-proteinase ADAMTS-2 by TIMP-
3 and studies carried out by Kashiwagi et al (Kashiwagi M et al., 2001) have shown that the
ADAMTSs -4 and -5 are inhibited by TIMP-3. In both studies, none of the other TIMP
family members inhibited these ADAMTSs to the magnitude with which TIMP-3 did.

1.6.4.3.3 Inhibition of Angiogenesis

Qi et al (Q1 et al., 2003) demonstrated that TIMP-3 inhibited angiogenesis by binding to
VEGFR2, thus competing with binding of the bioactive ligand, VEGF. Consequently, there
is inhibition of the downstream signalling pathways imperative for endothelial cell
differentiation. TIMP-1 and TIMP-2 did not block VEGF binding in the above experiment,
demonstrating that the interaction with VEGFR2 was TIMP-3-specific. Thus, TIMP-3
over-expression suppressed primary tumour growth and metastasis by suppressing cell
growth and survival, necessary for tumour progression. This feature is independent of its
MMP-inhibitory activity, as demonstrated by this group. However, MMP inhibition would
be expected to also inhibit angiogenesis, as some of the MMPs are pro-angiogenic (Basile

et al., 2007, Huang et al., 2007). The mechanism of TIMP-3 inhibition of angiogenesis is
illustrated in Figure 1.17:
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Figure 1.17: Schematic Representation of Tumour Angiogenesis and TIMP-3-specific
Inhibition of Angiogenesis.

It is known that there is an increase in the blood supply in established tumours and the
process of angiogenesis is mediated by VEGF binding to its receptor, VEGFR2. It has been
demonstrated that TIMP-3 is able to competitively bind to VEGFR? to inhibit the mediation
of angiogenesis by VEGF, and this anti-angiogenic property is independent of its MMP-
inhibitory activity (Qi et al., 2003).
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1.6.4.3.4 Regulation of Apoptosis

Fata et al (Fata JE et al., 2001) demonstrated that TIMP-3 is a critical epithelial survival
factor during mammary gland involution. According to their results, deficiencies in TIMP-3
function led to excessive and unscheduled physiological apoptosis in the mammary
epithelium. They demonstrated that TIMP-3 influenced mammary epithelial apoptosis
during involution through its ability to inhibit ecto-domain shedding of apoptotic regulatory
factors such as TACE, which processes cell-bound TNF to its soluble, pro-apoptotic form
Although their findings demonstrated an anti-apoptotic characteristic of TIMP-3, they
concluded that the several effects of TIMP-3 on cell survival are largely dependent on the
cell type, the cell microenvironment and the amount of TIMP-3 in the microenvironment.
Also, recent studies by Mylona et al (Mylona et al., 2006), showed a positive correlation
between the anti-apoptotic Bcl-2, and TIMP-3, suggesting that this inhibitor may play a
role in suppressing cell death. One study showed an increase in the levels of secreted TACE
and TIMP-3 in head and neck cancer, with expression positively correlating with lower
survival rate in patients. As TACE is required for initiation of cellular apoptosis and
inhibited by TIMP-3, the inhibitor is functioning in an anti-apoptotic manner, and may be
contributing to the progression of head and neck cancer (Kornfeld et al., 2011). TIMP-3
also plays pro-apoptotic functions in cells as demonstrated by studies which show increase
in cellular death in cancer cells over-expressing TIMP-3 or a decrease in apoptosis in
neuronal cells from timp-3 -/- mice following oxygen and glucose deprivation (Wetzel et
al., 2008, Finan et al., 2006). Thus, TIMP-3 could be a risk factor for cancer as well as a
“tumour suppressor”, depending on which of its various activities predominates. A

schematic diagram showing the TIMP-3 mediated inhibition apoptosis via TACE inhibition
is illustrated in Figure 1.18.
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Figure 1.18: Schematic Representation of TIMP-3-specific Inhibition of Apoptosis.

TNF is a multi-functional cytokine that is synthesized by cells as a pro-TNF that requires
the TNF-a-converting enzyme TACE/ADAM-17 to cleave its pro-peptide and release
soluble TNF. Soluble TNF can then bind to its receptor, TNFRI, a trans-membrane
receptor, to initiate the Fas-associated protein with death domain (FADD)-mediated
apoptotic pathway. TIMP-3 is a known and potent inhibitor of TACE and can prevent its
sheddase activity; thereby preventing the solubilisation of TNF and so plays an anti-

apoptotic role.
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1.6.4.3.5 Inhibition of Tumour Growth

Tumours frequently show an increase in MMP expression and/or a decrease in TIMP
expression leading to a net increase in proteolytic activity, which may be necessary for
tissue remodelling during tumour growth, angiogenesis, invasion, and metastasis. TIMP
expression can suppress primary tumour growth, angiogenesis, invasion (in vitro and in
vivo), and metastasis, whereas depletion of TIMPs can increase primary tumour growth,
invasion, and metastasis, as demonstrated by Bachman et al (Bachman KE et al., 1999).
They speculated that TIMP-3 expression may be critical for the normal growth of the
kidney and brain, and that cancers, particularly from the kidney, have the highest frequency
of timp-3 gene methylation — this methylation corresponds to the loss of TIMP-3
expression, and is prevalent in many primary solid tumours. It is thought that loss of TIMP-
3 may inhibit normal apoptotic programs, enhance primary tumour growth and
angiogenesis, invasiveness, and metastasis and possibly, therefore, contribute to all stages

of malignant progression (Airola et al,, 1998, Baker AH et al., 2002, Cruz-Munoz et al.,
2006).

1.6.4.4 Non-malignant Pathological Conditions

Apart from the role(s) TIMP-3 plays in the development of several cancers via its
proteinase-inhibitory properties, there are some disorders that have been associated with the

over-expression or reduced expression of TIMP-3 in tissues and these include:

1.6.4.4.1 Age-related Macular Degeneration
Age-related macular degeneration is also known as AMD. Single nucleotide

polymorphisms (SNPs) have been identified upstream of the TIMP-3 gene and about 24 of
these occur in up to 90 % of AMD cases. The alteration of the T/MP-3 gene in the retinal
pigment epithelium and Bruch’s membrane in the eye result in abnormal matrix turnover

and increase in muscular degeneration and subsequent dystrophy of the macula (Kamei and
Hollyfield, 1999).
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1.6.4.4.2 Myocardial Infarction
The process of cardiac re-modelling is crucial to the repair of the heart following

myocardial infarction. The existence of abnormal accelerated cardiac re-modelling in
TIMP-3 knockout mice and an increase in the expression of matrix metalloproteinases and
inflammatory cytokines has been demonstrated (Ikonomidis et al., 2005). This suggests that
TIMP-3 may be important for minimizing cases of myocardial infarction in heart attack

patients if the levels of TIMP-3 expressed in the myocardium could be up regulated.

1.6.4.4.3 Sorsby’s Fundus Dystrophy
In Sorsby’s fundus dystrophy, a mutation in the C-terminal region of TIMP-3 causes its

accumulation in the Bruch’s membrane of the eye, leading to blindness (Langton et al.,
2005). The increased expression of TIMP-3 in the Bruch’s membrane of SFD patients has
been described and this has shed light on the aetiology of the disease whilst suggesting that
therapeutic interventions that favour the reduction of TIMP-3 accumulation may prove

beneficial for treating SFD patient (Chong et al., 2000, Fariss et al., 1998)

1.7 HYPOTHESIS AND AIMS OF THIS RESEARCH

Hypothesis: DHT, TNF and TGF-B regulate the amount of TIMP-3 present in prostate
cancer and stromal cells, and that a loss of this inhibitor could enable the cancer cells to

behave more aggressively and to grow and metastasize more efficiently.

The aims of this research are to:
s Investigate the expression of TIMP-3 in prostate stromal and cancer cells

* Study the factors that regulate the expression of TIMP-3, with a view to

understanding the role of this inhibitor in prostate cancer progression.

Some of the factors controlling cell behaviour include dihydrotestosterone (DHT), tumour
necrosis factor (TNF) and transforming growth factor beta (TGF-8) — these will be further
discussed in Chapter 3, Section 3.1. DHT is a growth factor for prostate cancer cells
(Burnstein, 2005) and elevated levels of the proinflammatory cytokine TNF have been

observed in the serum of prostate cancer patients (Nakashima et al., 1998). Also, the
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expression levels of ECM proteins and TIMP-3 mRNA are up regulated in peri-tumoural
stroma of the breast (Bryne et al, 1995) and in prostatic stromal cells (Cross et al, 2005) in
vitro. In order to elucidate in vitro the possible role of this inhibitor in prostate cancer, 1
will also analyse the role of TIMP-3 in biological processes such as growth, migration,
invasion, angiogenesis and apoptosis, as well as proteinase inhibitory functional assays. In
addition, the expression pattern of TIMP-3 will also be analysed in available histological
samples, with a view to identifying if localization and expression pattern correlate
positively or negatively with prostate cancer staging. Together, all of these experiments will
help us to understand the importance of TIMP-3 in the initiation and/or progression of

prostate cancer.
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CHAPTER 2: MATERIALS AND METHODS



2.1  TISSUES AND CELL LINES

2.1.1 Prostate Tissues

All the prostate tissues and tissue micro-arrays were obtained as formalin-fixed paraffin-
embedded slides from Dr. Colby Eaton, The Mellanby Centre; University of Sheffield
Medical School. All tissues and primary cells obtained from patients were done in line with
the Trent Multi Centre Research Ethics Committee approval, (REC reference 01/4/061 and
STH reference SS02/196). The ethical approval was granted for the study titled:
“Molecular mechanisms and the development of novel treatment strategies in progressing

prostate cancer (ProMPT) with validity from January 2001 to January 2016.

The prostate tissues used in this project include:
* Normal Prostate Tissue
* Benign Prostatic Hyperplasia (BPH) tissue

* Primary Prostate Cancer Tissue

2.1.2 Stromal Cells (Non-Malignant)

2.1.2.1 Benign Prostatic Hyperplasia Stromal Cells:
BPH stromal cells were obtained from patients undergoing routine trans-urethral
resectioning of the prostate (TURP) for bladder outlet obstruction (Cross et al., 2005). All
tissues had been previously independently identified as BPH by histopathology, and in all
cases, no signs of cancer were present. Our collaborator, Dr. Colby Eaton, provided all
BPH cell types used for the experiments. Their markers of stromal cell origin have been

previously described in BPH cells (Cardoso et al., 2004, True et al., 2009).

2.1.2.2 Prostate cancer associated fibroblasts (PCAF):
PCAF cells are carcinoma-associated fibroblasts originally obtained from patients
undergoing re-sectioning of the prostate and were kind gifts from Dr. Colby Eaton’s team.

They had been previously characterised prior collection for this project.
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2.1.2.3 Non-cancer associated prostate fibroblasts
WPMY-1 cells are prostate fibroblasts obtained from ATCC (Webber et al., 1999). They
express the fibroblast-specific markers vimentin and fibronectin), do not express PSA and

have also been shown by the depositors to have no cancer cell phenotype.

2.1.3 Cancer Cells

2.1.3.1 Poorly Metastatic Prostate Cancer Cells
LNCaP cells were obtained from cultures that were initially isolated from a needle
aspiration biopsy of a lymph node metastatic lesion from a male caucasian prostate cancer
patient (Sobel and Sadar, 2005a). The cell line was previously confirmed to be androgen-

sensitive as a result of its expression of the androgen receptor (AR) and androgen-mediated

up-regulation of prostate-specific antigen (PSA).

2.1.3.1 Highly Metastatic Prostate Cancer Cells:
The PC3 cell line was obtained from cultures that were initially isolated from a lumbar
vertebral metastasis in a male Caucasian prostate cancer patient (Sobel and Sadar, 2005b).

This cell line is known to be androgen-independent in its growth and does not express AR.

2.1.4 Cell Culture and Media Preparation

2.1.4.1 Serum-containing Media
All cells were routinely cultured in Dulbecco’s modified eagle’s medium (DMEM)

(Invitrogen, 41965) supplemented with 10% (v/v) foetal calf serum, 100units/mL penicillin,
100ug/mL streptomycin and 0.25pug/mL amphotericin-B. This will be described as

complete medium. The cells were incubated in a humidified incubator at 37°C with 5%

CO; atmosphere.

2.1.4.2 Serum-free Media
For the purpose of cell treatment experiments, all cell lines were first cultured in complete

medium, as described above, and after they had reached 90% confluence, were cultured in
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serum-free DMEM, supplemented with antibiotics but without phenol red (Invitrogen,
21063). The cell cultures were maintained in serum-free media for at least 48hours prior to

cell treatments.

2.1.5 Co-culturing of Cells

Lentivirally-transfected green fluorescent protein(GFP)-expressing LNCaP cells were kind
gifts from Dr. Colby Eaton’s lab, for use in this project. They were confirmed as GFP-
positive by fluorescence microscopy and fluorescence-activated cell sorting (FACS)
analysis. The stromal fibroblast cells were tagged with a cell membrane label; PKH26
(Sigma, MINI26), making them fluoresce red. For the labelling, 4uM final concentration of
PKH26 was introduced to 100,000 cells suspended in serum-free media and incubated at
ambient temperature for 4 minutes. Addition of an equal volume of complete medium to
the cell-dye suspension for another 1 minute stopped the reaction by greatly reducing the
binding effect of the dye to the cell membrane. The mixture was centrifuged for S minutes
at 400 x g. The supernatant was aspirated and fresh complete medium was added to the cell
pellet and centrifuged for 5 minutes at 400 x g. This wash step was repeated 3 times in
order to remove unbound dye. 100,000 red fluorescing stromal cells PCAF or 100,000
WPMY-1 were plated along with an equal number of LNCaP-GFP cells for 24 or 48 hours

in wells of a 6-well plate. This gave a mixed cell layer of cells in physical contact with one
another.

2.2 COLLECTION OF CONDITIONED MEDIA FOR ASSAYS

Complete medium was used to culture cells until they were 80% confluent. The medium
was then removed; the cell monolayer washed twice with PBS and then serum-free medium
was added to the cells. This was left for 24, 48 or 72 hours and collected. The medium was
centrifuged at 400 x g for 5 minutes and the supernatant media collected and stored at -

70°C until further use, to prevent microbial contamination.
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2.3 CELL TREATMENTS

Cells were subject to treatment with androgens and cytokines in order to investigate

modulation of gene expression post-treatment. The treatments used for this project

included:

2.3.1 DHT
Cells were seeded at 50,000/well, into 12-well plates with 1 mL of complete medium.

When the cells reached 60 — 70% confluence, the medium was changed to serum-free
medium. The cells were allowed to adjust to the serum-free condition for 48 hours after
which the medium was again changed to serum-free medium with 0 nM, 0.1 nM, 1 nM and
10 nM DHT (Sigma, A8380), 1 uM flutamide — an androgen receptor antagonist, (Sigma,
F9397), as well as a combination of 1 uM flutamide + 10 nM DHT. The physiological
serum concentration of DHT in humans is 1 — 5 nM (Raivio et al., 2002). The inhibitory
constant of flutamide is 175nM (Kemppainen et al., 1999) so an excess of this
concentration, up to 1000nM was used in order to investigate the reversal of any
androgenic effects that DHT might show. 100% ethanol was used as diluent and maintained
in all the culture media at a final concentration of 0.1% (v/v). The treated cell cultures were

incubated for 24 hours at 37°C, prior to RNA extraction.

23.2 TNF
The cells were cultured as described in 2.3.1 except for the cell treatment where the serum-

free media contained 0 pg/mL, 10 pg/mL (0.57pM), 100 pg/mL (5.71pM) and 10 ng/mL
(571 pM) of recombinant human TNF (Biosource, PHC3015) in a 0.1% (w/v) BSA in PBS
to give a final concentration of 0.001% BSA. This acts as a carrier molecule and prevents
the loss of TNF onto the plastic surfaces of the culture plates. Treated cell cultures were
again incubated for 24 hours at 37°C, prior to RNA extraction. As an experimental constant

0.001% BSA was maintained in control and test experiments.

23.3 TGF-p
Stromal cells were seeded at 10,000 cells/well with 1 mL of complete medium inl12-well

tissue culture plates. The cells were incubated at 37°C and 5% CO; for 48 hours in order to
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allow the cells to form monolayers at the base of each well. The medium was then changed
to serum-free DMEM supplemented with 100 units/mL penicillin, 100 pg/mL streptomycin
and 0.25 pg/mL amphotericin-B. The cells were allowed to adjust to the serum-free
condition for 48 hours after which the medium was again changed to serum-free medium
containing 0.05 nM, 0.5 nM or 50 nM of TGF-B1 (Gibco, PHG9204) diluted in PBS
containing 0.1% (v/v) BSA. Treated cell cultures were incubated at 37°C and 5% CO, for

24 hours prior to RNA extraction and 72 hours for protein extraction. 0.001% BSA was

maintained in control and test experiments.

2.4 RNA EXTRACTION

Cells were lysed directly in the culture flasks using 1 mL of Tri Reagent (Sigma, T9424)
per 10cm” of culture flask surface area. The culture medium was removed and Tri Reagent
was added and cell lysates were homogenised by repeated pipetting. 0.2 mL Chloroform
was then added to homogenates, vortexed for 15 seconds and allowed to stand for 10
minutes at ambient temperature. Resulting mixtures were then centrifuged at 2400 x g for
15 minutes at 4°C in order to separate the various phases, the top aqueous phase being the
one that contained RNA. Once the aqueous phase had been obtained, 0.5mL isopropanol
per ImL Tri Reagent was used to precipitate the pellet by centrifuging at 2400 x g for 10
minutes at 4°C. The resuiting supernatant was then removed and the RNA gel-like pellet
was washed with ImL 75% v/v ethanol per 1 mL Tri Reagent used. The mixtures were
centrifuged at 1500 x g for 5 minutes at 4°C after which ethanol was removed and samples
were dried at ambient temperature. Then 50 pL of diethyl pyrocarbonate (DEPC)-treated
water (RNAse-free water) was added to dried RNA pellets and repeated pipetting at 50°C
for 10 minutes facilitated dissociation. The resulting RNA solutions were stored at -80°C.

RNA thus obtained was assayed using the Bio-Rad Spectrophotometer; this was carried out
to estimate the degree of RNA purity and quantity of RNA obtained. The absorbance of 40
ug/mL of RNA at UV wavelength of 260 nm is 1. The RNA concentration of samples was
measured by reading the absorbance of the diluted total RNA at wavelength of 260 nm. The
values obtained were then multiplied by the dilution factor. The equation below was used

for the derivation of RNA concentration:
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RNA (ug/mL) = Absorbance at 260 nm x dilution factor x 40 ug RNA/mL

Measuring the absorbance of the diluted samples at As0 and comparing the Aj0:A 25 ratios
also identified any protein contamination. The ratio should approach 2.0 if the RNA sample

is free of protein contamination and generally a ratio of about 2.0 indicates good RNA

(Glasel, 1995).

2.5 REVERSE TRANSCRIPTION

After RNA extraction, cDNA was prepared by reverse transcription using Superscript 11
Reverse Transcriptase kit (Applied Biosystems, 18064-014), which contains a modified
version of Moloney Murine Leukemia Virus Reverse Transcriptase (M-MLV RT) designed
for good thermal stability and low RNase H activity. The kit also contained
deoxynucleotide triphosphates (ANTP) mixture. This was primed with random primers
(Applied Biosystems, 48190-011). Reverse transcription was carried out using 20 pl
reaction mixture per tube, consisting of:
e 4L of 5 X first strand Buffer, 2 uL of 0.1M dithiothreitol (DTT),
¢ 0.5 pL of 10 nM each of deoxynucleotide triphosphates (ANTP) mixture of
dATP, dCTP, dTTP and dGTP
e 1 uL of 100 ng random primers (these are hexamers that can simultaneously
act as primers to reverse-transcribe all mRNAs)
e 0.5 puL of 40 units/uL of RNAseOUT RNAse inhibitor (Applied Biosystems,
10777-019)
e 10.5 uL of DEPC-treated water
* 1 uLofal pg/ul RNA sample
* 1 uL of 200 units/uL of Superscript 1l reverse transcriptase
Each tube represented different treated and untreated samples. Control reactions were also
set up with no Superscript reverse transcriptase. The tubes were placed in the GeneAmp®
PCR System 9700 and set at the following temperatures:

25°C for 2 minutes, for activation of the enzyme
42°C for 50 minutes for annealing of the random primers and cDNA synthesis
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70°C for 15 minutes, for inactivation of the enzyme.

These parameters facilitated the reverse transcription process, after which the tubes were

stored at -20°C prior to use.
2.6 REAL-TIME POLYMERASE CHAIN REACTION

Real-time PCR (qPCR) allows the monitoring of the PCR as it occurs, and so data are
collected throughout the PCR process, rather than at the end of the PCR. Here, the relative
quantification method of gPCR was used, whereby differences in the expression of a target
gene between different samples were quantified, relative to another reference sample. In
addition to the target sequence (TIMP-3, Versican or PSA), endogenous controls,
glyceraldehyde phosphate dehydrogenase (GAPDH) and RNA polymerase 2 (RNAPII)
were quantified as a means of correcting results that may be skewed due to differences in
the cDNA quantities loaded into the reactions. GAPDH and RNAPII are constitutively
expressed genes that remain fairly unaltered upon treatment of the cells with external
stimuli or factors (Radonic et al., 2004) and in these project experiments acted as references
for the normalisation of the test results. With androgen-sensitive cell lines the expression

levels of PSA were also analysed, as a positive control to confirm the activity of DHT used

in the experiments, as previously reported (Lilja, 1993).

First, the cDNA samples were diluted by a factor of 0.5 with DEPC-treated water, after
which 10 pL of reaction mixture was set up in wells of 384-well plates, each comprising of
the following:
- 5 pL of Tagman® Universal PCR Mastermix, no AmpErase® UNG (Applied
Biosystems, 4324018) — this contains DNA polymerase capable of instant hot-

start PCR and does not require activation

- 4.5 uL of the diluted cDNA

- 0.5 pL of 20X Assay-on-Demand™ Gene Expression Assay mix (this contains
pre-formulated primers and Tagman probes with a reporter dye, FAM, labelled
to the 5’ end of the probe and a non-fluorescent quencher at the 3’ end of the

probe). The pre-formulated primers targeted timp-3, PSA/hK-3, Versican,
GAPDH or RNA Polymerase II.
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Table 2.1 below shows the sequence information for all assay used:

Gene Name | Assay ID Accession # Primer-Probe Seq. (5°-3°)

TIMP-3 Hs00165949 m1 | NM_000362 CCGACATCGTGATCCGGGCCAAGGT
hK-3/PSA Hs00426859 gl NM_001030047 GCCCACTGCATCAGGAACAAAAGCG
Versican Hs00171642_m1 | NM_004385 GACTGTGGATGGGGTTGTGTTTCAC
GAPDH Hs99999905_ml | NM_002046 GGCGCCTGGTCACCAGGGCTGCTTT
RNA Pol. IT | Hs00992801_ml | NM_021974 TCAGACAACGAGGACAATTTTGATG

Table 2.1: Sequence information of the assays ordered from Applied Biosystems. Assay
ID, accession number and probe sequences for timp-3, hK-3/PSA, versican, GAPDH and

RNA Polymerase 1.

The PCR reaction exploited the 5’ nuclease activity of the DNA polymerase to cleave a
Tagman primer-probe during PCR. When the probe was intact, the proximity of the
fluorescent reporter dye (FAM™) to the non-fluorescent quencher resulted in repression of
the reporter fluorescence. During the reaction, if the target sequence was present, the probe
specifically annealed between the forward and reverse primer sites. If the probe hybridised
to the target, the DNA polymerase cleaved off the probe and separated the reporter dye and
the quencher dye, resulting in increased fluorescence of the reporter dye. The probe
fragments were then displaced from the target, and strand polymerisation continued.

The different treated and control samples were set up in triplicate wells and then wells were
sealed tightly to prevent spillage. The ABI Prism 7900 HT Sequence Detector Platform was
then set up for the real time PCR reactions by first connecting it to the computer. Then the
probes containing FAM™ dye were added to all the well plates. The wells were labelled
accordingly and the ABI system set at:

(i) 95°C for 5 minutes for cDNA strand separation

Then 40 cycles of:

(ii) 95°C for 15 seconds for primer-probe annealing

(iii) 60°C for 1 minute for polymerisation of DNA strands
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2.7 PCR DATA ANALYSES

qPCR data were analysed using SDS 2.0 Software (Applied Biosystems, U.K) and using
the comparative delta Ct method as previously described (Livak and Schmittgen, 2001).
Baseline gene expression was first expressed as ACt, namely cycle threshold at which
fluorescence was detectable above background for TIMP-3, minus Ct of endogenous
control gene, e.g. GAPDH. The data obtained were then expressed as fold increase. Here,
all ACt values for treated samples were standardised to the control for each experiment by
subtracting them from the control/untreated sample. Fold increases were determined by

238C where

applying the formula
ACt = Ct of endogenous gene — Ct of test gene
and

AACt = ACt of test gene (treated) — ACt of test gene (untreated)

2.8 PROTEIN EXTRACTION

Total protein (i.e. cells plus ECM) was extracted from the cells using the Mammalian Cell
Lysis Kit containing protease inhibitor cocktail (Sigma, MCL1) or 0.1% Triton-X-100
containing protease inhibitor cocktail (Sigma, P8340), and following the manufacturer’s
protocol. The cell lysis buffer (CLB) made up from the kit contained 50 mL each of 250
mM Tris-HCl, pH 7.5, 5 mM EDTA, 750 mM NacCl, 0.5% SDS in water, 2.5% deoxycholic
acid sodium salt in water, 5% Igepal CA-630 detergent in deionised water and 2.5 mL of
protease inhibitor cocktail (Sigma) containing (4-(2-aminoethyl) benzenesulfonyl fluoride,
pepstatin A, bestatin, leupeptin, aprotinin and L-trans-epoxysuccinyl-L-leucyl-amido (4-
guanidino)-butane (E-64).

For the extraction of total lysates, the monolayer of cells was washed with PBS for 1 hour
at 4°C and then 200 pL of CLB was added per 10° cells. The mixture was centrifuged at
2,500 x g for 10 minutes at 4°C. The supernatant was collected as the protein sample, and
the pellet was discarded. The supernatant was stored at -20°C until needed.

For the extraction of cellular proteins only, the cells were trypsinised from the wells or
plates prior to addition of the CLB. The same procedures as above were carried out.

For the extraction of extracellular matrix (ECM) proteins only, the cells were detached

from the wells or plates using enzyme free Hanks Buffer (Invitrogen, 13150-016). This
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contained EDTA that gently dissociated cells from each other and from their support
substrates, leaving the ECM in the wells. The cells were counted for use in standardisation
of amount of ECM loaded. Then loading buffer was made up and this consisted of
- 5 parts of 4X lithium dodecyl sulphate (LDS) sample buffer containing 106 mM
Tris HCI, 141 mM Tris base, 2% LDS, 10% Glycerol, 0.51 mM EDTA, 0.22
mM Coomassie blue G250 and 0.175 mM Phenol red (Invitrogen, U.K.) with a
pH of 8.5
- 2 parts of 500 mM DTT at a 10X concentration (Invitrogen, U.K.)

- 7 parts of water

200 pL of the loading buffer was added directly to the ECM in the wells and left at 4°C for
1 hour, after which the solution was scraped off the base of the well or plate and pipetted

into a tube. The solution, now containing the ECM proteins, was stored at -20°C prior to

use.
2.9 PROTEIN CONCENTRATION ASSAY

Protein concentration was assayed using the BCA (Bichinconinic acid) assay (Pierce,
23225) and following the manufacturer’s protocol. For this assay, a 96-well format was
used. Serial dilutions of bovine serum albumin (Pierce, 23225) were diluted with CLB to
give concentrations of BSA of 2000, 1500, 1000, 750, 500, 250, 125, 25 and 0 pg/mL. The
working reagent (WR) was made up by diluting BCA by 1:50. Then 25 uL of either BSA
or diluted total or cell only protein was added to each well of a clear 96 well plate after
which 200 uL of WR was added to the samples, giving a sample to WR ratio of 1:8. The
plate was covered and incubated at 37°C for 30 minutes then for 15 minutes at ambient
temperature. The absorbance of the mixtures was read off at 562 nm wavelength using a
spectrophotometer. Standard curves were plotted using the absorbance of the BSA dilutions

versus the concentrations of the BSA samples. The concentrations of the protein extracts

were calculated from the BSA standard curve.
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2.10 SDS-PAGE

This was carried out in order to separate proteins from cell extracts, based on their
molecular weight. This is in line with previously described protocols (Jovin, 1973a, Jovin,
1973b). The sulphate present in the anionic detergent (LDS) contained in the loading buffer
(see Section 2.8) applies negative charges to proteins thereby linearising the protein.
Loading them onto polyacrylamide gel and applying constant voltage to the gel separated
the proteins. By using a combination of acrylamide and bis- acrylamide at a defined ratio, a
gel matrix comprising of a network of pores was achieved. The negatively charged
linearised proteins migrate through the gel matrix towards the positive electrode/anode. The
speed of migration varies with the protein size; smaller proteins migrate faster than bigger
ones, and appear as bands in the lower region of the gel. Bands in the upper region of the

gel represent bigger proteins.

12% resolving polyacrylamide/bis acrylamide gels were prepared by combining the
following reagents in the order below:
- 40% Acrylamide/Bis-acrylamide solution, 37.5:1 (Biorad, 161-0148) = 3.00 mL
- Resolving gel buffer, (1.5 M Tris-HCI, pH 8.8) (Biorad, 161-0798) =2.50mL

-  Water =435mL
- 10% (w/v) SDS (Biorad, 161-0416) =0.10mL
- 100 mg/mL Ammonium Persulphate/APS (Biorad, 161-0700) =0.05mL
-  TEMED (Biorad, 161-0801) =0.01 mL

The first 4 components were mixed gently and both APS and TEMED were added just
before the mixture was introduced into a gel cassette assembly (the gel cassette assembly is
made up of a spacer plate, a short plate and a casting frame, all components of Biorad Mini-
Protean 3 gel assembly system). APS and TEMED are cross-linkers that increase the
spontaneous polymerisation of acrylamide in the absence of oxygen. Some butan-2-ol was
added to the top of the gel to smoothen it and prevent the introduction of O; into the gel.
The gel was left to polymerise at ambient temperature by placing it in the casting stand for
40 minutes. Once dried, the butan-2-ol on top of the resolving gel was discarded and the gel

was rinsed with water. The top of the gel was air-dried and placed back on the casting

stand.
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Stacking gel was made up and introduced to the top of the resolving gel to enable the
protein bands to migrate slowly until they reach the top of the resolving gel. 10 mL of
stacking gel was made up in the order below:
- 40% Acrylamide/Bis-acrylamide solution, 37.5:1 (Biorad, 161-0148) = 1.00 mL
- Stacking gel buffer, (0.5 M Tris-HCI, pH 6.8) (Biorad, 161-0798) =3.00 mL

- Water =6.84 mL
- 10% v/v SDS (Biorad, 161-0416) =0.10 mL
- 100 mg/mL Ammonium Persulphate/APS (Biorad, 161-0700) =0.05 mL
- TEMED (Biorad, 161-0801) =0.01 mL

Immediately after adding the stacking gel, moulded combs (also part of the mini-protean 3
system) were introduced into the gel before allowing polymerization at ambient
temperature for 40 minutes. Once done, the combs were gently removed from the gel and
the gel cassette sandwich was removed from the casting frame and inserted into the
electrode assembly. When running only one gel, a buffer dam was placed in the other side
of the electrode assembly clamped shut. The electrode assembly was placed into the
clamping frame, making up the inner chamber assembly. This assembly was inserted into
the mini tank.

For electrophoresis, running buffer was made up, which consisted of 25 mM Tris/192 mM
Glycine/0.1% SDS, pH 8.3 (Biorad, 161-0732). The inner chamber assembly was filled
with running buffer and care was taken to prevent overfilling and spillage. The protein
samples were prepared as described in Section 2.8, and heated at 70 degrees for 10 minutes.
The samples were left to cool at ambient temperature and loaded into individual wells.
Protein dual colour molecular weight standards (Biorad, 161-0374) were loaded on to one
lane to monitor band migration and determine approximate molecular weights. Also,
recombinant human full length TIMP-3 (R & D Systems, 973-TM) was loaded alongside
proteins as a positive loading control of known molecular weight. Running buffer was
added to the lower buffer chamber. The mini tank was covered with the tank lid and the set

up was connected to a power supply and constant current of 20 mA applied for 60 minutes

for separation of proteins through the gel.
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2.11 WESTERN BLOTTING

Before the electrophoresis was complete, transfer buffer was made up. This consisted of 60
mM Tris/40 mM CAPS buffer containing 15% methanol, pH 9.6 (Biorad, 161-0778)
Once proteins were separated, the gel was removed from the gel sandwich and equilibrated
in transfer buffer for 15 minutes. Blotting pads were also soaked in transfer buffer for 15
minutes and blotting paper was lightly wet with transfer buffer. A PVDF membrane was
soaked in methanol for 60 seconds and then equilibrated in transfer buffer for 15 minutes.
The blotting sandwich was set up using the above materials and in the order below:
Clear side down —> blotting pad —> blotting paper —> PVDF membrane —> gel —> blotting
paper —> blotting pad —> Black side up.
The sandwich was clamped shut with the attached white clip and inserted into the mini-
trans-blot module (Biorad) with the black side of the sandwich next to the black side of the
module cassette. The inner part of the module was filled with transfer buffer, up to the
white clip and outer chamber of the module was filled to the top. The module was closed
with its lid and inserted into a container filled with ice (to prevent temperature increase)
and connected to a power supply. The proteins were then transferred to the membrane by
applying a constant voltage of 20 V for 2 hours.
After transfer, the protein-binding sites on the PVDF membrane were blocked in blocking
buffer consisting of TBS containing 1% (w/v) casein (Bio-Rad, 161-0782) with 0.05% v/v
Tween-20. This incubation was carried out for 60 minutes at ambient temperature whilst
rocking the membrane gently on a rotor. Afterwards, the membrane was washed 3 times at
5 minutes each, with the prepared TBS-casein buffer (Biorad, 170-6435) and protein bands
were detected with the following primary antibodies diluted in blocking buffer:

- 1 pg/ml (50 nM or 1:500 dilution of 500 ug/ml stock) of mouse monoclonal

anti-TIMP-3 antibody, raised against residues 24 — 211 of recombinant human
TIMP-3 (R&D Systems, MAB973)
- 1 pg/ml (50 nM or 1:200 dilution of 200 pug/ml stock) of rabbit polyclonal anti-

TIMP-3 antibody raised against the C-terminal region of TIMP-3 (Sigma,
T7812)
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- 0.1 pg/ml (5 nM or 1:10,000 dilution of 1 mg/ml stock) of rabbit polyclonal
anti-GAPDH antibody (Sigma, G9545). This was used for GAPDH detection, as
a loading control when loading total cell lysates.
The primary antibody was incubated with the membrane overnight at 4°C. The membrane
was then washed 3 times for 5 minutes each. The membrane was probed with HRP-
conjugated secondary antibodies, depending on the primary antibody used for initial
membrane probing:
- 1:1000 dilution of HRP-conjugated goat anti-mouse IgG (Dako, P0447)
- 1:1000 dilution of HRP-conjugated swine anti-rabbit IgG (Dako, P0399)
The membrane was incubated for 60 minutes at ambient temperature with gentle rocking
and then washed 3 times for 5 minutes each.
The ECL plus western blotting detection reagent (GE Healthcare, RPN2132) was used for
the detection of blotted proteins. This reagent is made up of lumigen PS-3 acridan substrate
that produces highly luminescent acridinium ester intermediates upon reacting with
peroxidase found in the HRP-conjugated secondary antibodies. The result of this reaction is
the production of chemiluminescence that can be exposed to autoradiography films to be
visualised as bands on the film. The ECL plus solution was applied onto the membranes for
5 minutes and removed from the membranes. The membranes were drained of any excess
reagent and placed into a thin cling film to prevent adherence of contaminants, and then

exposed to x-ray films (GE Healthcare, RPN2103) in a dark room.
2.12 DENSITOMETRIC ANALYSIS OF WESTERN BLOTS

Western blots were scanned and the blots were analysed using the Bio-Rad Quantity One
software. This measures the pixels of the blot in comparison to the background pixels to
generate a value for the blot with optical density x area as the unit (OD mm?). It can also
compare one blot to another, and correct the values using the same background so that there
is unbiased quantification. The higher the value obtained, the higher the protein content of

that particular blot, and vice versa. With this, semi-quantification of proteins can be

achieved using the values obtained.
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2.13 DOWN-REGULATION OF GENE EXPRESSION USING siRNA

Commercially available siRNA to TIMP-3 (Ambion, AM16708), GAPDH (Ambion,
AM4655) and non-targetting control siRNA (Ambion, 4611) were obtained from Applied
Biosciences/Ambion, U.K. This commercial TIMP-3 siRNA was designed to target exon §
of timp-3 gene. The 5° --> 3’ sequences of the siRNA are:

Sense: GGAACUACAAGAGAGUCGGtt

Anti-sense: CCGACUCUCUUGUAGUUCCHt

Several methods of transfection were employed in order to determine the optimal protocol

for introducing siRNA into the cells. These included:

1) Calcium Phosphate transfection

(i)  Lipid-based Dharmafect transfection and

(i)  Electroporation.

@iv)
For all protocols, silencer siRNA to TIMP-3 and a housekeeping gene GAPDH, and non-
targeting siRNA were used. GAPDH knockdown served as a positive experimental control
as all actively metabolising cells express GAPDH. The sequence of the GAPDH siRNA
was not supplied by Ambion but is proprietary. Non-targeting siRNA acted as a negative
control and did not target any known human gene sequence. Again, this sequence was not
supplied but is proprietary. Mock-transfection controls were also set up, where no siRNA
was added to the transfection complexes. Untransfected cells were also plated and analysed

alongside transfected and mock-transfected cells so as to monitor any differences observed

in expression levels due to the transfection reagent only.

2.13.1 Calcium Phosphate Transfection Method
This is based on the formation of a calcium phosphate-RNA precipitate as a by-product of

the addition of calcium chloride to Hepes buffered saline (HBS), which contains
Na,HPO4;2H,0 as one of its components (Invitrogen, K2780-01).
Reaction:

Na,HPO4 + CaCl; - 2NaCl + CaHPO,
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The calcium phosphate thus formed facilitates RNA binding to the surface of the cell and
subsequent introduction into the cytoplasm via endocytosis. This method has previously
been described (Graham and van der Eb, 1973). First, the cells were trypsinised, complete
DMEM medium containing antibiotics and serum was then added to neutralise the trypsin,
and the cell suspension centrifuged at 1500 X g for 5 minutes. The cell pellet was re-
suspended in antibiotic-free DMEM and the cells were counted using a coulter counter (as

described in Section 2.16). A total of 3X10* cells were re-suspended per 80 ul of antibiotic-

free medium.
1.5 pl of a 20 uM TIMP-3 silencer siRNA stock concentration (Ambion) was mixed with

1.5 ul of 2 M CaCl, and the volume made up to 10ul in a test tube labelled (a). To another
tube labelled (b), 10 ul of 2 X HBS was added. Using a sterile pipette, the contents of (a),
was slowly introduced into (b) whilst bubbling air into (b) using another pipette. At this
point, there was formation of a calcium phosphate complex, which enables endocytosis to
occur. The mixture of (a) and (b) was incubated at ambient temperature for 30 minutes.
Then 400 pl of the antibiotic-free medium was introduced into 48-well plates and the 80 pl
of cell suspension was also added to this. After the 30-minute incubation, the mixture of (a)
and (b) was then introduced, drop-wise, into the wells containing the suspended cells. This
is a process known as reverse-transfection or neo-transfection, and it allows more contact
between the siRNA-CaCl,-HBS mixture and the surface of the cells, resulting in more
efficient transfection, relative to the traditional transfection protocol, where the cells are in
monolayer and part of the surface area is unavailable for complete siRNA binding. The
final siRNA concentration in the complex/culture was 60 nM. The plates were incubated at
37°C/5%CO; for 16 hours, after which the transfection complex-media was removed (to

prevent cell toxicity) and replaced with fresh medium for another 32 hours prior to RNA

extraction.

2.13.2 Lipid-Based Transfection Method
This method also employs the neo-transfection technique but instead, utilises a liposome

complex that entraps the siRNA and transports it into the cell via endocytosis. The cells
were trypsinised, counted and re-suspended in antibiotic-free medium, as above. 3X10*
cells/60 pl of antibiotic-free medium was prepared and added into 48-well plates already
containing 100 pl of antibiotic-free medium per well. The transfection complex comprised

10 pl of a 2 uM siRNA concentration diluted in 10 pl of antibiotic- and serum-free medium
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in one tube labelled (a) and 0.4 pl of Dharmafect-2 transfection reagent
(Dharmacon/Thermo Fisher Scientific, T2002) diluted in 10 pl of antibiotic and serum-free
medium in tube (b). The contents of both (a) and (b) were mixed together by careful
pipetting and then incubated for 20 minutes at ambient temperature prior to careful
pipetting of the complex into the cell suspension in the wells. The final siRNA
concentration in culture was 100 nM. The plates were incubated for 16 hours at
37°C/5%CO; after which the transfection complex was removed because according to the
manufacturer’s protocol, Dharmafect-2 is toxic to cells if maintained for more than 16
hours in culture. The medium was replaced with fresh antibiotic-free medium and

incubated for another 32 hours prior to RNA extraction for analysis.

2.13.3 Electroporation
This method entails subjecting the cells to electric shock, which temporarily opens up pores

in the lipid bilayer and allows the entry of highly charged molecules such as
polynucleotides (Neumann et al., 1982). Again, the cells were trypsinised, counted, and re-
suspended, this time, into 100 pl of Nucleofector R reagent (Amaxa, VCA1001) at ambient
temperature, at 1X10° cells/100 pl of reagent. Then 2 pg of siRNA was introduced into the
mixture and the entire mixture was transferred into an Amaxa-certified cuvette with a lid
on. The cuvette was then inserted into the Amaxa nucleofector machine and the program
set at T-09 for electroporation, according to manufacturer’s recommended protocol. The
cell mixture was immediately removed from the cuvette after electroporation and
transferred into 37°C pre-warmed antibiotic-free DMEM containing 10% v/v serum, and
pre-plated into 6-well plates. The final siRNA concentration in culture was 100nM. The
plates were incubated at 37°C/5%CO; for 48 hours, prior to RNA extraction because

according to the manufacturer’s protocol, the nucleofector reagent is not toxic to cells and

did not need to be removed post-transfection.

2.14 FACS SORTING OF CELLS

Cells to be sorted were trypsinized, harvested and counted (as described in Section 2.18.1).
They were then suspended in DMEM media with 0.5% FCS and taken to the University’s

FACS (fluorescence activated cell sorting) facility (students were not allowed to operate the
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FACS equipment and had to submit samples for analysis by trained technicians). FACS is a
technique that employs the use of light to sort specific populations of cells from a mixed
population based on the fluorescence emitting from cells.
Cells were sorted either by inherent fluorescence as in the case of stably-GFP-transfected
LNCaP cells, or by membrane fluorescence as in the case of PKH26-labelled cells. The
different cell populations were sorted and collected into different tubes. Non-
transfected/non-labelled cells also had to be submitted for standardisation and optimisation
of the FACS sorter. Data reported by the technicians include:

¢ Total cell number

* Percentage of fluorescent cells

* Percentage of non-fluorescent cells

e Percentage of cell debris or dead cells
The sorted cells were further analysed for timp-3 mRNA expression by gPCR or protein

expression by western blotting (as described in Sections 2.6 and 2.11).

2.15 FUNCTIONAL ASSAYS

Several assays were carried out in order to assess whether there were any changes in

biological functions of the cells after down-regulation of the TIMP-3 transcript. They

include:

2.15.1 Proliferation Assays

2.15.1.1 Coulter Counter Method
This is based on cell counting using the Beckman Coulter Z2 particle count and size
analyser. It allows a threshold particle diameter to be set, such that the counts obtained will
exclude any dead cells and cell debris that will fall under this threshold. Different cell types
have different sizes and so the coulter counter first analyses the particle size and gives an

approximate diameter of the cells, then counts the cell number. The diameters of the cell

lines used in this project were determined as follows:
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e PC3:~7um

e LNCaP:~9 um

e PCAF:~12 um

¢ WPMY-1: ~9 pum

e BPH45: ~ 12 um
Cells were trypsinised and harvested as normal (see Section 2.2) and suspended in 10 mL
of complete medium. The cell suspension was diluted by a factor of 20 in isotonic solution
such as saline, by adding 0.5mL into 9.5 mL diluent, and placed in the counting chamber
to be counted. Resulting counts were multiplied by the dilution factor of 20 and then by 2
to give the total number of cells per ImL of cell suspension. This allowed for comparison
of cell numbers between untreated and treated cells as an indication of the rate of

proliferation of the cells. Any modulation of cell growth by treatment was indicated by cell

number changes.

2.15.1.2 Haemocytometer Method

This method of counting uses a conventional haemocytometer. The cells were harvested
and suspended in complete media such that they were sparsely diluted. Then the cells were
further diluted 1:1 in trypan blue which stained the dead cells blue. When counting the cells
under the microscope, any cells stained blue were excluded. Counts were obtained from 5
sections out of the nine sections of the haemocytometer: the four edges and the central
section. The total count was divided by 5 and then multiplied by 2 and again by 10,000 in
order to give the total number of cells per mL of cell suspension i.e.

Total cell count per mL = (haemocytometer count/5) x 2 (for trypan blue dilution) x 10*

This gave a measure of changes in rates of cell proliferation pre- or post-treatment.

2.15.2 Migration Assays

This is based on the Boyden chamber construct placed into a well of a 24-well plate. The
cells are able to migrate through a membrane from the outer into the inner part of the
chamber. 5,000 cells were suspended in 100 pl media and introduced into the outer part of
the chamber. Over 24 hours or 48 hours (depending on cell type), the cells migrated

through the pores of the membrane via chemotaxis into the inner part of the membrane i.e.
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to the membrane that is in contact with the media inside the well. The non-migrated cells
on the outer part of the membrane were removed by swabbing with a clean cotton bud and
the membrane was fix-stained with crystal violet in 70% v/v ethanol and migrated cells
were counted. This assay required the presence of a chemo-attractant such as growth factors
or nutrient-rich media in the lower chamber (see Figure 2.5). With this assay, comparison

was made between migratory potential of un-transfected and TIMP-3-down-regulated cells.

\ ", * Boyden chamber

# Cell suspension

0.2uM-pore membrane

» Media with chemo-
attractant in well

Figure 2.1: Transwell-migration assay.
The cells are seeded into the Boyden chamber and allowed to migrate towards the lower

chamber over 48 hours. Number of cells on surface of membrane facing the lower chamber
with the media and chemo-attractant are counted.

2.15.3 Invasion Assays
This is also based on a Boyden chamber set-up and is similar to the 3-D migration assay
(Section 2.15.2). However, the membrane in the chamber was first coated with 50 pL of
growth factor reduced matrigel (BD Biosciences, 354230), which was allowed to
polymerise for about 30 minutes at ambient temperature. Matrigel is routinely used as a
semi-solid medium for promoting adherence of cells to surfaces in vitro, mimicking the
basement membrane naturally found in vivo (Oridate et al., 1996). This added layer
therefore represents a basement membrane-like ECM as it also contains collagen 1V,
laminin and heparan sulphate proteoglycans that are normal components basement
membranes. The cell suspension was seeded on top of the matrigel and invasive cells had
the opportunity to degrade the matrigel and pass through the membrane to the inner part of

the membrane in the Boyden chamber, where they were stained with crystal violet in 70%
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v/v ethanol and counted. Again, this assay was used to compare the changes in invasive

potential of TIMP-3-down-regulated cells to their un-transfected or non-targeted controls.

2.15.4 Apoptosis Assay
This assay uses Annexin-V-FITC/Propidium lodide (PI) staining of dead or necrotic cells

and measures the amount of stained cells as a percentage of total number of cells assayed.
This protocol was first described in 1995 by Vermes ef a/ (Vermes et al., 1995). The
Annexin-V-FITC and PI kit was bought from BD Biosciences (catalogue no. 556570) and
the test kit contained Annexin-V binding buffer (made up of 10 mM Hepes/NaOH, 140
mM NaCl and 2.5 mM CaCl; pH 7.4). One of the changes that symbolizes the occurrence
of early apoptosis in cells is the translocation of a component of the cell membrane;
phosphatidyl serine (PS), from the inner part of the membrane to the outer surface.
Annexin-V has a strong affinity for PS and will, in the presence of high Calcium
concentrations, bind to PS. Propidium iodide (PI) is a fluorescent nucleic acid intercalator
that fluoresces upon binding to DNA or RNA. As PI is impermeable to cell membranes, it
can be used to detect cells with ruptured cell membranes. Used in combination with
Annexin-V-FITC, dead cells and necrotic cells can be excluded from a cell population by
flow cytometry. The excitation wavelength for both Annexin-V-FITC and PI are 488nm
and the emission wavelengths are 518 nm (detected in the FL1 channel) and 617 nm
(detected in the FL2 channel) respectively.

For the apoptosis assay, cells were harvested by trypsinisation, counted and diluted to 1.0 x
10°cells/mL. Cells were washed with cold PBS by centrifugation at 1500 x g for 5 minutes.
100 puL of cell suspension was re-suspended in cold PBS, centrifuged at 1500 x g for 5
minutes and re-suspended in 100 pL of 1X annexin-V binding buffer in a small Eppendorf
tube. 5 pL of Annexin-V-FITC antibody and 5 pL of Pl was added to the cell suspension
and vortexed gently for 10 seconds. The mixture was incubated at ambient temperature for
15 minutes. Additional 400 puL of 1X binding buffer was added to each tube and the cells
were analysed by flow cytometry for percentage of cells positive for Annexin-V as a

measure of the percentage of the cell population that is apoptotic.
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2.16 PROTEINASE INHIBITION ASSAY

The total MMP-inhibitory activity of cell lysates, ECM lysates and conditioned medium
from LNCaP, PCAF, WPMY-1 and BPH45 cells was assayed using a quenched
fluorescence substrate (QF); this is based on the ability of MMPs to break down a quenched
fluorescence substrate at its Leu-Gly bond (Mca-Pro-Leu-Gly-Leu-Dpa-Ala-Arg-NH,) that
contains a linked quencher and fluorophore (Bachem). Mca (7-methoxycoumarin-4-yl) is a
derivative of 7-methoxycoumarin and is highly fluorescent. Dnp is a dinitropheny! group,
which acts as an internal quencher. This substrate was originally described by Knight et a/
(Knight et al., 1992). For the assay, 3 uL of 5 mM of the QF substrate was diluted in 3 mL
of assay buffer (5 uM final concentration) containing 100 mM Tris-HCI, 100 mM NaCl, 10
mM CaCl; and 0.2% Triton-X-100, pH 7.5 and used to zero the LS-50B fluorimeter
(Perkin-Elmer) prior to assaying for MMP activity and MMP-inhibition. The fluorescent
peptide, which is released by the action of MMPs, Mca-Pro-Leu-OH, was used to
standardise the fluorimeter such that at a concentration of 500 nM (10% substrate
hydrolysis) gave a reading of 1000F.

The excitation and emission wavelengths were set at A323 nm and Azg; nm. Then 3 puL of §
uM of either MMP-2 or MMP-9 (final concentration of 5 nM) was added to fresh assay
buffer-substrate mixtures and fluorescence was measured and stored in real time using the
Flusys software package (Rawlings and Barrett, 1990). The linear rate of substrate
conversion was followed for about 100 minutes and recorded as (V). Then, 10 uL of
protein extracts or 3 pL of 5 uM stock of recombinant human TIMP-3 (control) was added
to the reaction and the new linear rate was recorded (V)). Vi/Vo was calculated as the
amount of matrix metalloproteinase proteolysis. If the value was less than 1, MMP

inhibition was occurring but if it was greater than or equal to 1, then MMP activity was

present in the sample.

2.17 IMMUNOSTAINING OF CELLS AND TISSUES

Cells were grown on glass slides for 24 hours. Then the slides were rinsed briefly in PBS
and cells fixed by submerging slides in 4% paraformaldehyde in PBS, pH 7.5, for 15
minutes at ambient temperature. Afterwards, the slides were washed twice with ice-cold
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PBS and then incubated with blocking buffer for 1 hour at ambient temperature, as used in
western blotting (Section 2.11). The slides were then incubated in 50 nM of monoclonal
TIMP-3 antibody (R&D Systems, MAB973) at 4°C overnight. This monoclonal antibody
was used as it gave the best conditions for protein detection in previous optimisation
experiments (see Section 2.13). The next day, the slides were removed from the antibody
solution, washed with Tris buffered saline with 0.05% tween-20 (TBST) five times at 5
minutes per wash. Then the slides were incubated in 1:1000 dilution of a fluorescent
secondary antibody; Alexa-Fluor 488-conjugated goat anti-mouse IgG (Invitrogen,
A11011) - this bound to the TIMP-3 mouse monoclonal antibody and fluoresced green
with excitation and emission wavelengths of 485-495 nm and 520 nm respectively. The
antibody reaction was carried out in the dark, as the fluorescent Alexa-Fluor-488 antibody
is light sensitive. The cells were counter-stained by immersing the slides in 1ug/mL DAPI
nuclear stain (Thermo Fisher, U.K.) for 5 minutes at ambient temperature. DAPI is a very
pure form of diamidino-2-phenylindole dye that is fluorescent and has high affinity for
DNA. It binds to nuclear DNA where its fluorescence increases in its bound state
(Lawrence and Possingham, 1986). The slides were then rinsed with PBS, allowed to dry
and coverslips were mounted on the slides using a drop of mounting medium (DPX
mounting medium, BD Biosciences). The coverslips were sealed onto the slides using nail
varnish in order to prevent drying and movement under the microscope. The slides were
stored in the dark until microscopic examination was carried out.

Tissue samples were obtained as formalin-fixed and paraffin-embedded sections on glass
slides. Before IHC staining, the sections were de-paraffinised by immersion twice in xylene
for 5 minutes. The sections were then rehydrated by immersion into descending ethanol
solutions; 99% for 10 minutes, 95% for 5 minutes, 70% for 5 minutes, and finally into
distilled water for 1 minute. This was followed either by H&E staining or antibody
incubation, as appropriate. For TIMP-3 antibody, the same protocol as cell immunostaining
(above) was used.

H&E is a common histological stain used to differentiate between the nucleic acid
components and the cytoplasmic components of cells in a tissue section. Haematoxylin
stains nucleic acid blue while eosin stains the intracellular and extracellular proteins found
in the cytoplasm and basal laminae red/pink/orange. For H&E staining, the slides were

immersed in Gill’s II haematoxylin (Sigma Aldrich) for 90 seconds and then into distilled
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water for 3 minutes. The slides were immediately immersed in 1% aqueous eosin (Sigma)
for 5 minutes and then into distilled water for 30 seconds. The slides were then fixed by
immersion into ascending ethanol concentrations; 70% for 10 seconds, 95% for 10 seconds,
99% for 1 minute and finally into xylene for 4 minutes. Coverslips were mounted with
DPX mounting medium (BD Biosciences) and images captured using a fluorescent
microscope at several objectives.

Dr. Colby Eaton’s group kindly donated the prostate tissue microarray samples. Figure 2.2

shows the properties of the tissue microarray used:
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Sheffield TMA 121

Ty 9500 SO0 OO0 OO8
LHO18777/2002 7y G1+1 PSA? §OOO‘ OOO1 OOO OOO
LH026835/2002 7y G3+3 PSA? OOO3 OOO3 OOO OOO
LH020369/2002 7y G3+3 PSA? OOO 3 OOO3 OOO
[ LHO05476/2003 2y G2+2 PSA? OOO 2 OOOZ OOO
LHO03765/2003 7y G2+2 PSA? OOOZ OOOZ OOO
LH003583/2003 7y G3+2 PSA? OOO2 OOO3 OOO OOO
LH026263/2002 7y G3+3 PSA? OOO3 OOO3 OOO OOO
LH020436/2002 7y G3+3 PSA? 0003 0003 OOO
LH003291/2003 ?y G3+3 PSA ? OOOS OOO:* OOO OOO
LH021522/2002 ?y G3+3 PSA ? OOOa OOO3 OOO OOO
LH015710/2002 7y G3+3 PSA? OQ O 3 O OO3 OOO OOO
LH015631/2002 7y G2+2 PSA ? Q O O 2 O O O2 O OO
LH015631/2002 7y G3+2 PSA ? OOO3 OOOZ OOO
LH006794/1997 2y G4+3 PSA ? OOO3 OOO‘ OOO OOO

Figure 2.2: Tissue Micro-array Map:

Each row included the samples from a single patient who had been treated by a radical
prostatectomy. The clinical data in the first box consisted of: two unique identifier numbers
from Sheffield internal coding, the age of the patient in years at the time of prostatectomy,
the overall Gleason score for the whole tumour and the PSA level at presentation (if
available). The array was orientated by two cores of marker tissue (either liver or spleen)
at the beginning of the first two rows (shown as grey shaded circles on the template). The
samples from the specimens were in triplicates with all 3 samples adjacent to each other.
The first three cores were samples from cancer pattern 1 of the tumour and the Gleason
grade of that area was given after the three circles. The next three cores were samples from
cancer pattern 2 of the tumour and the Gleason grade of that area was given after these
three circles. Usually these cancer samples represented the two main areas in the overall
Gleason score given in the patient data but sometimes were sample from a tertiary or lesser
pattern with a different Gleason grade. The next three cores were from areas of high grade
PIN if these were present in the specimen, if no PIN was present samples were not taken
and the circles were absent from the template. The final three cores were from an area of
morphologically normal background prostate epithelium in the specimen.
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2.18 STATISTICAL ANALYSES

Several types of statistical analyses were carried out depending on the type of data that
needed to be analysed. Parametric analyses were carried out where several repeats of an
experiment were carried out as there was sufficient sample number to immediately
determine a normal distribution. Non-parametric analyses were done where the data

distribution was unknown and/or where sample number was low. The tests used in this

project include:

2.18.1 Student t-test

This type of parametric statistical analysis was carried out where the number of
experimental repeats was greater than 10 and when distribution was determined to be
normal. The paired t-test was carried out to compare differences in paired samples and
unpaired t-test for unpaired means of 2 data clusters. P < 0.05 was considered to be

statistically significant. Microsoft excel was used for these calculations.

2.18.2 Mann-Whitney Test

The non-parametric Mann-Whitney two-tailed test was used to test for significant
differences in between median values of control and individual samples. It is similar to the
unpaired student’s t-test but does not assume a normal data distribution. P < 0.05 was

considered to be significant. These were carried out using Graph Pad Prism software.

2.18.3 Wilcoxon Signed-Rank Test

The non-parametric Wilcoxon signed-rank test was used to test for significant differences
between median values of control and individual samples. It is similar to the paired students
t-test but does not assume a normal data distribution, similar to the Mann-Whitney test. P <

0.05 was considered to be significant. These were carried out using Graph Pad Prism
software.

2.18.4 Kruskal-Wallis Test
This is also a non-parametric statistical analysis, which was used to compare 3 or more

groups of data, unlike the Mann-Whitney and Wilcoxon tests, which could only compare 2
groups of data at a time. It is similar to the parametric ANOVA test but instead of using the
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means and variances for analysis, the Kruskal-Wallis test replaces it with ranks and reports
the differences in the sum of the ranked data as P values. To correct for discrepancies in the
ranked sums, a post-test was carried out based on whether the data was paired or unpaired:

* Dunn’s Post test for unpaired data sets i.e. extension of the Mann-Whitney test

* Friedman’s Post test for paired data sets i.e. extension of the Wilcoxon signed-rank

test

Again, P < 0.05 was considered to be a significant difference, as calculated by Graph Pad
Prism software.
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CHAPTER 3: EXPRESSION OF TIMP-3 IN
PROSTATE CELLS AND TISSUES
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3.1 INTRODUCTION

The prostate tissue consists of different types of epithelial cells and a surrounding stromal
component, separated from the epithelial component by a basement membrane. This
stromal compartment consists of different types of cells such as smooth muscle cells,
fibroblasts, nerve cells and lymphocytes, all embedded in the ECM-rich stroma (Wernert,
1997). The basement membrane is semi-permeable and it consists of collagens, elastin,
laminin and proteoglycans, all interwoven in a matrix that forms the membrane (Cunha et
al., 2002). In the androgen-refractive stage of prostate cancer, there is metastasis of tumour
cells from the prostate primary site to other neighbouring and distal organs. This metastasis
involves the breakdown of the basement membrane first, invasion of the stromal ECM and
possibly co-migration of the cancer cells along with stromal fibroblasts to other organs
where they home and form a secondary niche (Kaminski et al., 2006). The process of
migration and invasion is aided by proteases secreted by the tumour cells and these degrade
substrates such as collagen and proteoglycans to enable passage of the tumour cells. The
formation of secondary tumours is an indication of an aggressive cancer phenotype (Cobo
Dols et al., 2005, Plancke et al., 1994).

TIMP-3 is a metalloproteinase inhibitor that plays a major role in the regulation of ECM
composition (Lee et al., 2007). This leads to regulation of a wide range of physiological
processes such as growth (Airola et al., 1998, Baker et al., 1998), apoptosis (Lee et al.,
2008, Fata et al., 2001), migration, invasion (Baker et al., 1998), transformation (Yang and
Hawkes, 1992) and angiogenesis (Cruz-Munoz et al., 2006). TIMP-3 is unique in that it is
the only member of the TIMP family to strongly sequester itself in the ECM by interactions
of both its N and C-terminal domains with ECM components (Lee et al., 2007). The
localisation of TIMP-3 has been associated with basal lamina and stroma of breast (Mylona
et al., 2006, Uria et al., 1994) and prostate cells (Cross et al., 2005). This is as a result of an
abundance of ECM in stroma and basal lamina of these tissues as well as stromal cells
(Huang et al., 1998, Raga et al., 1999). TIMPs regulates proteinase-mediated ECM and
basement membrane degradation in several tumours (Hornebeck, 2003). Low expression of
TIMP-3 has been demonstrated in the normal and malignant epithelial components of
breast (Mylona et al., 2006), and other tissues relative to the stromal components of the

same tissues. This may indicate a negative correlation between TIMP-3 expression and
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malignancy in-vitro, or may reflect a greater TIMP-3 expression by stromal as compared to
epithelial cells. A higher level of expression of ADAMTS proteinases has been reported in
malignant epithelial cells relative to expression in normal cells from benign prostatic
hyperplasia (Cross et al., 2005, Demircan et al., 2009). This was concomitant with lower
expression of the only tissue inhibitor of the ADAMTSs, TIMP-3, in the malignant
epithelial cells (Cross et al., 2005). Again, this in-vitro study supports the negative
correlation of TIMP-3 with malignancy. In one study (Kotzsch et al., 2005), lower
expression of TIMP-3 was correlated with higher nuclear and histological tumour grading
of breast cancer, implying that this reduced expression of TIMP-3 correlates with poorer
prognosis.

TIMP-3 expression has also been associated with clinical outcome and invasive potential of
oesophageal squamous cell carcinoma (Miyazaki, Kato et al. 2004). This study also
correlated TIMP-3 expression in tumours with disease stage and patient survival rate,
highlighting the importance of TIMP-3 expression in favourable prognosis for patients.

On the other hand, higher levels of TIMP-3 protein were positively correlated with tumour
size in laryngeal cancer. Although the majority of TIMP-3 detected by
immunohistochemistry in this study was epithelial, some expression was also localised in
the stromal cells (Pietruszewska et al., 2008).

Also, methylation of the TIMP-3 promoter, associated with a reduction of TIMP-3
expression, has been observed in oesophageal and gastric cancers (Gu et al., 2008) as well

as in hepatocellular carcinoma (Lu et al., 2003). All these studies have, in one way or

another, described TIMP-3 expression in tumour samples.

The use of immunohistochemistry is in widespread use for analyses of expression of target
protein in tissue samples. It is used extensively to identify expression patterns of known
mediators of disease progression in tissue samples obtained from patients (Coons and
Kaplan, 1950). It not only shows whether the proteins are expressed in the tissues but also
indicates the localisation of the protein within the tissue under investigation. Localisation
analyses can also be very informative in elucidating the particular roles that the protein may
play in the initiation or progression of the disease. In cancer research, there have been
several studies that show the pattern of expression of proteins in tissue samples from
patients e.g. expression of PSA and androgen receptor in prostate cancer tissue (Grob et al.,
1994, Gregory et al., 1998), of oestrogen receptor in breast cancer (Yang et al., 1991,
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Yoshida et al., 1997), to mention but a few. The collated information has proven useful for
improvement of therapeutic interventions in clinical management of the progression of
cancers as well as identification of target patients for therapy based on the profile of their
biopsies and the pattern of expression of the progression marker proteins (Yoshida et al.,
1997). The other importance of immunohistochemical analyses of tissues is that it allows
pathologists to identify the stage(s) at which the disease is present in the patient as well as
giving a snapshot of the degree of tissue damage present, for instance as an indicator of the
presence and extent of tumour metastasis that has occurred in the patient. This allows the
pathologists to assign a grade to the tumour that allows the oncologists to interpret the
immunohistochemical data accurately and proceed to diagnosis and treatment regimes and
patient management. In prostate cancer, the use of both Gleason scoring and the TNM
method of tumour classification is fundamental to correct grading of tumours from prostate
cancer patients (see Section 1.3.3).

TIMP-3 is expressed in different human cell types as described in Chapter 1, Section 1.6.
Unique patterns of expression of its transcript and protein have been reported in the
literature e.g. TIMP-3 expression in breast (Mylona et al., 2006), liver (Lu et al., 2003),
colon (Hilska et al., 2007, Tanaka et al., 2007), ovary (Goldman and Shalev, 2004, Lu et
al., 2003), breast (Uria et al., 1994) and prostate (Cross et al., 2005).

One particular study by Su et al (Su et al., 2001) looked at the expression of timp-3 mRNA
in a large cohort of tissue samples by Affymetrix GeneChip analyses. Some of the tissue
samples they analysed included: normal liver tissues, normal prostate tissues and primary
prostate cancer tissues. The mRNA expression results from these 3 tissues were of
importance to this project as these were the tissues available at the time for
immunohistochemical analyses for the characterisation and localisation studies for TIMP-3.
In the Su er al study, the fold increase in intensity of rimp-3 mRNA over baseline in several
tissues was reported (see Figure 3.1), along with expression data for several other genes.
The results were analysed and reported in line with the GCRMA method for analyses of
Affymetrix GeneChip array data (Gharaibeh et al., 2008). The interesting and relevant part
of the pool of results obtained, was the overall increase in the level of TIMP-3 expression
observed in normal prostate tissue compared to primary prostate tissue as well as the higher
levels of TIMP-3 expression seen in T2ZNOMO (larger) tumours compared to T3INOMO

(smaller) tumours, according to the TNM classification of the tumour (see Figure 3.1 and
Figure 3.2).
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Figure 3.1: Expression Profile of timp-3 mRNA in Tissues.

This is a bar chart obtained via the online BIOGPS gene expression analysis software (Wu
et al., 2009a). The data were obtained from results of Affymetrix GeneChip analyses of
RNA extracts from various tumours and the results given as normalized fluorescence
intensities, which correlate to the levels of timp-3 mRNA present in each sample. See

Figure 3.2 for a close-up of the prostate data
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Figure 3.2: Expression Profile of timp-3 mRNA in Prostate Tissue Samples.

These are also results obtained from the Affymetrix GeneChip analyses as in Figure 3.1.
The above represents only expression data from prostate tissue samples, magnified from
Figure 3.1. The individual bars above represent the different types of prostate tissue
analyses. ‘Pr’ means prostate, the following number is an identifier code specific for the
tissue and set by the researcher and the letter following the number is an indicator of
whether the tissue is a normal (N) or tumour tissue (T). M stands for the median fold
increase in fluorescence intensity, 3XM is 3 times the M value, 5XM is 5 times the M value
and 10XM is 10 times the median value. The results from the Su et al study showed greater
timp-3 mRNA expression in normal prostate tissues in comparison to prostate tumour
tissues (see red dots on bars above) overall.
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Annotation [Tissue |Histology [Cancer Stage |Expression
PrT prostate [cancer T2ANGMO B
PYST prostate |cancer T2ANGMO
PrioT prostate |cancer T2ANGMO
Pr1T prostate |cancar T2ANOMO
PY297 prostate [cancer T2ANGMO
Pr4T prostate |cancer T2HNOMO
PY8T prostate |cancer T2BNOMO
P33T postate |cancer T2BNOMO
PraT prostate |cancer T2BNOMO
P33T prostate |cancer T2BNGMO
Pr16T prostate |cancar T2BNOMO
PreT postale |cancar W
Pri2r prostate |cancer TIANOMO
Pri3AT prostate |cancer TIANGMO
Pr138T prostate |cancer TIANGMO
PY22T prostate |cancer TIANIMO
Pr23T1 prostate |canca TIANOMO
Py26T prostate cancer TIANDMX
P30T prostate [cancar T3B0MO0
P8T prostate |cancer TIBNOMO
PrioT prostate [cancer TINOMO
2AT . |posiale [cancer

PATT prostate |cancer DNTMO
Pr21T prostate |[cancer DANDMX
P27T prostate |cancear DANDMX
PriN prostate |nomnal

PYSN prostate [nommal

PraN prostate [nomnal

Pr4N postate |nommal

Pr2N prostate |nommal

PYSN prostate [nommal

PY9N prostate |nomal

PriON |prostate |normal

L13N ver nommal

Table 3.1: Expression Data for timp-3 mRNA in Prostate and Liver Tissue Samples.-The
expression levels were obtained from the Su et al study. These are fold increase in
expression levels over the baseline expression levels, measured using the ‘GCRMA’ method
for background correction, normalising and summarisation of results from Affymetrix

GeneChip arrays. The annotations are as described in Figure 3.1.
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It was therefore important to investigate whether this expression pattern of 7imp-3 mRNA
seen in these tissues (as per the above study) translated to expression of the TIMP-3 protein
in prostate cancer tissues and normal prostate tissues. To do this, Dr. Colby Eaton’s group
kindly donated a prostate tissue microarray sample that contained normal liver tissue as
well tissue from primary prostate tumour, high grade PIN tumour and normal background
prostate epithelium, all 3 tissue types obtained from the same patient. Information on the
Gleason Score (GS) of the patients was also supplied. The map of the tissue array is as
described in Chapter 2, Section 2.18.

In this project, the first objective was to investigate the expression of TIMP-3 in prostate
cells and tissues in order to be able to study its role in the progression of prostate cancer.
Normal stromal cells (WPMY-1), prostate cancer-associated fibroblasts (PCAF), benign
prostatic hyperplasia stromal cells (BPH45), androgen-dependent prostate cancer cells
(LNCaP) and androgen-independent prostate cancer cells (PC3) were analysed for
transcript and protein expression of TIMP-3. The TIMP-3 mRNA expression was measured
by qPCR and the data were analysed using the Applied Biosystems SDS 2.2.1 analysis
software. Protein expression was analysed by western blotting and immuno-cytochemistry.
The western blotting was optimised in order to determine the best conditions for analysing
protein levels.

The expression of TIMP-3 in normal prostate, primary prostate cancer and BPH tissues was
also investigated. Tissues had been obtained from patients and formalin-fixed and paraffin-
embedded onto glass slides. Expression and localisation of TIMP-3 was determined by
immuno-histochemistry using mouse monoclonal anti-TIMP-3 as the primary antibody
(R&D Systems, MAB973) and Alexa-flour-488-conjugated goat anti-mouse secondary
antibody (Invitrogen, A11001). The slides were examined using an inverted fluorescence
microscope with the 10X objective and the excitation wavelength for observing the Alexa-
fluor-488 fluorescent dye was set at 488 nm and emission at 519 nm.

Also, changes in TIMP-3 expression upon co-culturing prostate stromal and prostate cancer
cells in vitro were investigated as described in Section 2.1.5. Changes in TIMP-3 mRNA
expression were analysed by qPCR and protein expression by western blotting. It has been
suggested that during migration of cancer epithelial cells from their primary site, they co-
migrate with stromal fibroblasts after proteolysis of the basement membrane and ECM in

the stromal compartment and co-habit a secondary niche (Kaminski et al., 2006). If TIMP-3
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expression is important for metastasis, my hypothesis is that there will be modulation of its

expression in coculture.
3.2 RESULTS
3.2.1 Optimisation of Western Blotting

During the course of this project, some protein bands obtained by SDS-PAGE and western
blotting were of a higher molecular weight than expected, suggesting post-translational
modifications such as glycosylation of proteins or cross-reactivity of antibodies with other
non-specific proteins. Several experiments were carried out in order to determine the source

of the problem(s). These included: deglycosylation of protein lysates and immune-

precipitation of test protein with specific antibody to eliminate cross-reactivity. Therefore,

experiments were designed to address these issues, and they are detailed below:

3.2.1.1 De-glycosylation of protein samples
The first possible trouble-shooting experiment was to remove any N-linked glycosyl

residues from the proteins. To do this total cell lysates were subject to de-glycosylation
using the manufacturer’s protocol. N-glycanase (Peptide-N-Glycosidase F) was obtained
from Prozyme, UK. N-glycanase releases N-glycans from glycoproteins and so can be used
to detach covalently bound sugars (glycosyl groups) from a target protein. First, 20 ul (100
ug) of protein extract was added to 25 uL of reaction buffer (consisting of 100 mM sodium
phosphate and 0.1% sodium azide, pH 7.5) (Prozyme) totalling 45 uL of reaction mixture.
Then 2.5 pL of denaturation solution (consisting of 2% SDS, 1 M B-mercaptoethanol)
(Prozyme) was added. The mixture was maintained at 100°C for 5 minutes and then
allowed to cool to ambient temperature. Then 2.5 puL of detergent solution (consisting of
15% NP-40) (Prozyme) was added to the mixture, left for 5 minutes and then 2 uL of N-
glycanase stock was added and incubated overnight at 37°C. The next day, sample buffer
(as described in Section 2.10) was added to the mixture and the sample was subject to SDS-
PAGE and western blotting for protein separation and detection (as described in Section
2.11) This was done for all samples and when not used immediately, was stored at -20°C
prior to use. This process of deglycosylation has been previously described (Chu, 1986,
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Tarentino et al., 1985, Plummer et al., 1984). Unfortunately, the N-glycanase alone was
cross- reacting with antibody and showing as a ~30 kD band (see Figure 3.3).

75kD
50kD

37kD

25kD

BN 20kD

NG NG+ L NG+B B NG+P
Figure 3.3: Treatment of Proteins with N-Glycanase.
NG = N-Glycanase only, L = Total LNCaP extract, B = Total BPH45 extract, P = Total
PCAF extract, MWS = molecular weight standards. For immunoblotting, anti-C-Terminal-

TIMP-3 antibody (Sigma) was used as described in Section 2.11. 100 ug protein was
loaded per well.

P MWS

3.2.1.2 Protein A/G Immunoprecipitation
| next attempted immunoprecipitation of the protein using target antibodies. Protein A/G

ultralink was obtained from Pierce, UK. Protein A/G binds to all the IgG subclasses with a
high affinity and so it has a wider range of binding than either protein A or protein G alone.
A protein-antibody complex can therefore be pulled out of solution using Protein A/G
bound to Sepharose beads. In this way, 1 hoped to be able to pull out TIMP-3 specifically
from the protein extracts before analysis by western blotting.

For these experiments, protein A/G resin was first diluted 1:2 with immunoprecipitation
(IP) buffer (consisting of 25 mM Tris, 150 mM NaCl, pH 7.2) (Pierce, 28379). Then, 50 ug
of protein extract was incubated with 250 ug of anti-TIMP-3 mouse monoclonal antibody

(R&D Systems, MAB973) made up in IP buffer. The mixture was incubated on a rotor
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overnight at 4°C. The next day, 100 uL of the gel suspension was added to the protein-
antibody complex and incubated for 2 hours at ambient temperature with gentle mixing.
Then 0.5 mL of IP buffer was added to the mixture and centrifuged for 3 minutes at 2500 x
g. This step was repeated 3 times after which the gel was washed with 0.5 mL of H,0 by
centrifugation at 2500 x g for 5 minutes. The supernatant was discarded and the immune
complex was eluted by adding 50 ul to the gel for 5 minutes and further centrifugation at
2500 x g for 3 minutes. 50 uL of loading buffer (as described in Section 2.10) was added to
the gel and heated for 15 minutes at 70°C. The resulting supernatant was collected by
centrifugation at 2500 x g for 5 minutes and cooled to ambient temperature before
subjecting to SDS-PAGE and western blotting (as described in Section 2.11) using rabbit
anti-TIMP-3 antibody. Unfortunately, this procedure did not resolve the problem and still

gave bands of >23 kD molecular weight. It also resulted in non-specific bands across the

gel (see Figure 3.4).

75kD
50kD

37kD

25kD

20kD

R R+AG B X B+AG L L+AG

Figure 3.4: Immuno-precipitation of Proteins using Protein A/G Ultralink Beads.

R = recombinant human TIMP-3 only, B = Total BPH45 extract, L = Total LNCaP
extract, X = blank well (gel imperfect in this region so well unused). For immunoblotting,
anti-C-Terminal-TIMP-3 antibody (Sigma) was used as described in Section 2.13. 10 ng of
recombinant human TIMP-3 was loaded — this was seen as ~24 kD as expected. 50 ug of
protein extracts was used for immuno-precipitation. Protein A/G beads were cross-reacting

with antibody.
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3.2.1.3 Monoclonal vs. Polyclonal TIMP-3 Antibody
The problem of potential non-specific bands showing on the western blotting films was still

to be tackled and another trouble-shooting experiment was to compare the antibody that I
had been using previously (Anti-C-terminal-TIMP-3 from Sigma) for immunoblotting with
a mouse monoclonal antibody (R & D systems, MAB973). Total and ECM only proteins
were extracted as described in Section 2.10 and subject to SDS-PAGE and western blotting
as described in Section 2.11. The results obtained showed the mouse monoclonal anti-
TIMP-3 antibody detecting TIMP-3 at ~23 kD (see Figure 3.6) compared to the higher
bands seen with the rabbit anti-TIMP-3 antibody (see Figure 3.5) and so led me to the
decision to continue other experiments with the antibody since it gave no apparent non-
specific bands and TIMP-3 was detected at the correct size. It also buttressed the suggestion
in literature (Langton et al., 1998) that TIMP-3 is sequestered predominantly in the ECM,
and that the non-specific bands were due to intracellular proteins. It therefore made sense
that the better results were seen with loading of ECM proteins and not total proteins. Based
on results of this experiment, it was decided to analyse ECM proteins for TIMP-3

expression in all other experiments and to use 50 nM of the anti-TIMP-3 antibody from
R&D Systems (MAB973).
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75kD
50kD

37kD

25kD
MWS X R TL EL Tb EB

Figure 3.5: Immuno-blotting of Protein Extracts using Rabbit Anti-C-terminal-TIMP-3
antibody.

MWS = molecular weight standards, X = blank well, R = recombinant human TIMP-3, TL
= total lysate from LNCaP cells, EL = ECM extract from LNCaP cells, TB = total lysate
from BPHA45 cells, EB = ECM extract from BPH45 cells. 10 ng of recombinant human
TIMP-3 was loaded — this was seen as ~23 kD as expected. For total extracts, 50 ug
protein was loaded per well and for ECM extracts, 100,000 cells’ worth of ECM was
loaded per well. For immunoblotting, anti-C-Terminal-TIMP-3 antibody (Sigma, T7812)
was used as described in Section 2.13. This antibody did not detect TIMP-3 at the right size
of ~23 kD but showed non-specific bands at ~45 kD and other bands at ~35 kD.

MWS X R X I Ek X B EB

Figure 3.6: Immuno-blotting of Protein Extracts using Mouse Anti-TIMP-3 antibody.

For immunoblotting, anti-TIMP-3 antibody (R&D Systems, MAB973) was used as
described in Section 2.13. 100 ng of recombinant human TIMP-3 was loaded — this was
seen as ~24 kD as expected. For total extracts, 50 ug protein was loaded per well and for
ECM extracts, 100,000 cells’ worth of ECM was loaded per well. This antibody detected
single TIMP-3 band at ~21 kD in BPH45 ECM extract, closer to its known molecular

weight of 22 kD.
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3.2.2 TIMP-3 mRNA Expression in Prostate Cells
The relative expression of TIMP-3 mRNA in WPMY-1, PCAF, BPH45, LNCaP and PC3

cell lines was analysed. Total RNA was extracted from cells and quantified as described in
Section 2.4. These were reverse-transcribed to make complementary DNA by reverse
transciption as described in Section 2.5. mRNA was synthesized from cDNA by qPCR as
described in Section 2.6. Results were analysed as described in Section 2.7 using the
comparative ACt method (Livak and Schmittgen, 2001).

Amplification plots of the different Ct values obtained from qPCR analyses of the
expression data are shown in Figure 3.7. BPH45 had the lowest Ct value and highest TIMP-
3 mRNA expression, followed by PCAF then WPMY-1 then LNCaP. PC3 had the highest
CT value and lowest TIMP-3 mRNA expression. The Ct values were all normalised to the
Ct of RNA Polymerase 11 as a control ‘house-keeping’ gene.

As summarised in Figure 3.8, all the prostate stromal cells that were analysed expressed
significantly higher amounts of TIMP-3 mRNA relative to PC3 cells; about 100,000 —
200,000 fold higher expression (p=0.0079 for PCAF, WPMY-1 and BPH45, Mann-
Whitney). The androgen-sensitive LNCaP cells produced about 100-fold higher expression
of TIMP-3 mRNA than the androgen-resistant PC3 cells but this was also statistically
significant (p=0.012, Mann-Whitney). The expression levels of TIMP-3 mRNA did not
vary significantly between the cancer-associated PCAF and normal WPMY-1 stromal cells
but expression level were about 1.5-fold higher in the benign prostatic hyperplasia cells
(BPH45) compared to PCAF cells (p=0.0079, Mann-Whitney) and about 2-fold higher in

BPH45 compared to WPMY-1 cells (p=0.0079, Mann-Whitney). The experiment was
repeated 4 times.
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Figure 3.7: Amplification Plot of TIMP-3 mRNA expression in prostate cells.

This is a logarithmic representation of the amplification plot of the mRNA expression in
prostatic cells. ARn is plotted on the y-axis and it represents the magnitude of the TIMP-3
signal. During the initial cycles of gPCR, there are little or no changes in the fluorescence
signal, implying no expression of TIMP-3 mRNA (i.e. between cycles 0 and 15) — this is
known as background. Afterwards, the linear and exponential phase of the amplification
occurs, where fluorescence is detected, signifying TIMP-3 mRNA detection and
amplification. The SDS 2.2.1 analysis software (see Section 2.6) was set to automatically
determine a level of ARn that is above the baseline and low enough to be within the
exponential phase of the curve — this is known as threshold and is the line that intersects
with the amplification plot to determine the Cr. The Cr is defined as the cycle number at
which the fluorescence signal passes the threshold, and these are indicated by the arrows
in the plot. B = Cr of TIMP-3 mRNA in BPH45, C = Cr of TIMP-3 mRNA in PCAF, W =
Cr of TIMP-3 mRNA in WPMY-1, L = Cr of TIMP-3 mRNA in LNCaP and P = Cr of
TIMP-3 mRNA in PC3 cells. Duplicate curves represent duplicate wells in the assay.
Results showed the lowest Cr value in BPH45 cells, indicating that this cell line has the
highest TIMP-3 mRNA, followed by PCAF cells, then WPMY-1, then LNCaP and finally
PC3 cells with the highest Cr value and the lowest TIMP-3 mRNA expression of all the

prostatic cells. n=4
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Figure 3.8: TIMP-3 mRNA expression in prostate cells.

100,000 cells were seeded into 6-well plates using complete DMEM media until they
reached ~ 90% confluence. Total RNA was extracted from cells and cDNA synthesized by
reverse transcription. TIMP-3 mRNA expression was measured by qPCR and normalised to
a housekeeping gene, GAPDH. These procedures are as described in Section 2.6 — 2.9.
Columns and bars represent the median and range of values (n=4) y-axis has been
segmented to show fold differences between all cell lines relative to expression in PC3

cells. * p<0.05 and ** p<0.01. Mann-Whitney non-parametric test used to generate p
values.
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3.2.3 TIMP-3 Protein Expression in Prostatic Cells
TIMP-3 protein expression was analysed by western blotting of total cell and ECM lysates,

separately obtained from all cancer and stromal cells (described in Section 2.11)

As discussed in Section 3.2.1, different antibodies gave different results and so had to be
optimised for best TIMP-3 detection. Based on these experiments, anti-TIMP-3 antibody
(R&D Systems, MAB973) was chosen for immuno-blotting and ECM lysates were
extracted instead of total cell lysates.

For western blotting experiments, 50 nM (1:500 dilution) of anti-TIMP-3 antibody was
used for primary incubation. The protocol is as described in Section 3.2.1. As loading
control, 1 x 10° cells’ worth of ECM was loaded per well since the protein concentration
could not be measured by BCA assay due to the presence of interfering (high) levels of
DTT concentration on the ECM extraction buffer. This meant that the cells had to be
counted once they had been uplifted from the ECM with enzyme-free buffer (Section 2.10).
Higher levels of TIMP-3 were found in the ECM of the prostate stromal cells BPH45,
PCAF and WPMY, compared to very low levels observed in the cancer cells LNCaP
(Figure 3.9). This corroborated the mRNA results (Figure 3.8). Densitometric analysis of
the blots suggested that BPH45 ECM contained the highest levels of TIMP-3 followed by
PCAF ECM and then WPMY-1 ECM. LNCaP ECM had the least amount of TIMP-3. It is
important to mention that LNCaP cells did not appear to produce as much ECM as the
prostate stromal cells. It was decided not to extract ECM from prostate cancer cells PC3 as

they produced negligible levels of TIMP-3 transcripts (Figure 3.8) and also only appeared

to produce small amounts of ECM.
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Figure 3.9: TIMP-3 protein expression in ECM lysates from Prostate Cells. | x 10° cells’
worth of ECM protein was subjected to electrophoresis and transferred onto a PVDF
membrane as described in Sections 2.10 - 2.11. The membrane was probed with 1:5000 of
monoclonal anti-TIMP-3 overnight at 4°C and afterwards in 1:1000 goat anti-mouse HRP-
conjugated secondary antibodies for 1 hour at ambient temperature. ECL detection reagent
was applied to the membrane and exposed to x-ray films. TIMP-3 bands were observed as
~ 23 kD bands (red arrow). There also appeared some non-specific bands at about 50kD
(green arrow). In row 1, MWS = molecular weight standards, X — blank lane, W = ECM
from WPMY-1 cells, B = ECM from BPH45 cells, P = ECM from PCAF cells and L =
ECM from LNCaP cells. Semi-quantitative analyses of the bands were carried out by

densitometry using the Quantity One software (see Section 2.12). The result of adjusted
densitometric volume for each band is reported in row 2.

Prostate cells were also fixed onto slides and immuno-stained for TIMP-3 as described in
Section 2.16. For this, 1:500 (50n M) of mouse monoclonal anti-TIMP-3 was used for
primary detection and counter-stained with 1:1000 of Alexa-fluor-488 goat anti-mouse
antibody. A 10X or 20X objective on a fluorescence microscope was used for image
capture. There was high TIMP-3 staining in stromal cells and low staining in LNCaP cells
(Figure 3.10).
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Figure 3.10: TIMP-3 Immunolocalisation in Prostate Cells.
Cells were fixed onto slides as described in Section 2.17. 50 nM (1:500) of mouse

monoclonal anti-TIMP-3 antibody and 1:1000 of Alexa-fluor-488 goat anti mouse
secondary antibody were used for detection of TIMP-3 in the slide-fixed cells. The slides
were incubated overnight at 4°C in primary antibody, washed with TBS buffer containing
0.05% Tween-20, and then incubated in secondary antibody in the dark at ambient
temperature for 1 hour, then washed and counter-stained with DAPI for 5 minutes before
mounting the coverslip and visualisation under the microscope. Images from (4) Phase
contrast (B) DAPI only (C) Alexa-fluor-488-TIMP-3 staining (D) Super-imposed phase
contrast+DAPI+Alexa-fluor-488-TIMP-3 images were taken using a Leica inverted
Sfluorescence microscope and setting to 10X objective (for PCAF and WPMY-1 cells) or
20X objective (for LNCaP cells). Scale bar for PCAF and WPMY-1 = 100 um and for

LNCaP = 250 um.
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3.2.4 TIMP-3 Protein Expression in Prostatic Tissues
Prostate tissues were obtained as formalin-fixed sections on glass slides.

Immunohistochemical analyses of the samples were carried out as described in Section
2.16. Tissues sections were stained with both haematoxylin and eosin (H&E) stains or with
mouse anti-TIMP-3 and Alexa-fluor-488 goat anti mouse secondary antibody.
Haematoxylin and eosin (H&E) staining is used routinely to distinguish between the
different tissue types and distinguish the nuclear staining from the intracellular and
extracellular staining of cytoplasmic and ECM proteins respectively. Haematoxylin dye
stains the nuclei of cells blue/violet while eosin stains cytoplasmic and extracellular regions
of the cells red/pink.

Images were taken using the Leica inverted fluorescence microscope. Fluorescence was
detected at excitation and emission wavelengths of 488 nm and 518 nm respectively. In
instances where extra 