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Thesis S u m m a r y 

Prostate cancer is the most common cause of non-cutaneous malignancy in men and 

although frequently latent, is the second commonest cause of cancer deaths. The aetiology 

of prostate cancer is largely undefined as are protein and genetic alterations characteristic 

of early stage prostate cancers. Using proteomics, this study mapped and compared the 

protein profiles of nonmalignant and malignant prostate tissues with the primary aim of 

identifying proteins that may be involved in the development of early stage prostate 

cancers. In total, 57 proteins with reduced levels in malignant compared to nonmalignant 

tissues were selected and 23 were conclusively identified using mass spectrometry and 

protein sequencing. In addition, 69 proteins with increased levels in malignant tissues were 

selected. Of the 23 proteins identified, 7 were examined further using one- and two-

dimensional western blotting and immunohistochemistry to characterise protein forms 

present within tissues and cellular distribution of individual proteins. 

Onset of prostatic malignancy is characterised by loss of differentiation and subsequent 

loss of secretory proteins. T w o of the most abundantly secreted proteins in the prostate, 

prostate specific antigen (PSA) and prostate secretory protein 94 (PSP94), were detected 

with reduced levels in malignant as compared to nonmalignant prostate tissues. In the 

original proteomic analysis, several P S A proteins corresponding to free and nicked forms 

were detected with reduced levels in malignant specimens and the findings were further 

characterised and confirmed by one- and two-dimensional western blotting. These results 

suggested that P S A is processed differently in malignant and nonmalignant tissues. 

Similarly, multiple forms of PSP94 detected at reduced levels in malignant tissues also 

indicated differential protein processing between malignant and nonmalignant tissues. 

A ubiquitin-like protein, NEDD8, that is thought to play an indirect role in cell cycle 

regulation via specifically modifying cullin proteins, was detected at reduced levels in 

malignant prostate specimens in the original proteomic analysis. Further western blot 

characterisation confirmed the original proteomic result. However, increased amounts of 

high molecular weight N E D D 8 immunoreactive proteins that were thought to represent 

proteins complexed with N E D D 8 were evident in western blots of malignant tissues. 
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Subsequent immunohistochemical analysis of human prostate specimens detected elevated 

N E D D 8 in malignant prostate cells. 

Two muscle proteins, calponin and tropomyosin-1 (TM-1), were identified with reduced 

levels in malignant as compared to nonmalignant prostate tissues in the original proteomic 

analysis. Reduced protein levels in malignant tissues were confirmed and protein profiles 

were examined using one- and two-dimensional western blotting. Although the western 

blot profile of TM-1 mirrored the original proteomic result, immunohistochemical analysis 

revealed that TM-1 was expressed in stromal cells and that the reduced levels of TM-1 in 

malignant tissues were likely to have been due to the reduced proportion of stromal cells in 

the cancers. Calponin, which was also expressed in stromal cells of nonmalignant and 

malignant prostate tissues, was detected in approximately 8 5 % of prostate cancer cells. 

Calponin expression has not been reported previously in prostate cancers or in epithelial 

cell types and its function in the tumours is unknown. 

This thesis has identified a number of proteins present at reduced levels in early stage 

prostate cancers. The proteins identified may reflect loss of differentiated function (PSA, 

PSP94) or increased proliferation of prostate cancer cells (NEDD8) or have as yet 

unknown function in prostate tumours (calponin). Functional characterisation of these 

proteins and detailed mapping of prostate cancer proteomes in future studies will determine 

their significance in the diagnosis, prognosis and prediction of treatment responses to 

disease. 
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CHAPTER 1 



1 

1.0 INTRODUCTION 

1.1 THE PROSTATE GLAND 

1.1.1 Anatomy 

Systematic description of the anatomy of the adult prostate gland was first reported in 

1968 (McNeal, 1968). The prostate is situated in the pelvis, behind the inferior border 

of the symphysis pubis and the pubic arch and lying in front of the ampulla of the 

rectum. The healthy adult prostate measures approximately 3.5 c m transversely at its 

base and 2.5 c m in its vertical dimension. It weighs approximately 20 g and is located 

directly beneath the bladder, surrounding the proximal portion of the urethra (Epstein, 

1994) (Figure 1-1). 

Figure 1-1 Prostate anatomy. The prostate is located directly beneath the bladder, 

surrounding the proximal portion of the urethra (www.emedicine.com/med/topic3186.htm). 

http://www.emedicine.com/med/topic3186.htm
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The human prostate is a musculoglandular structure. It is a composite gland made up 

of 7 0 % glandular elements and 3 0 % fibromuscular stroma (McNeal, 1992). The acini 

and ducts of the glandular prostate are lined with columnar epithelium and drain into 

the posterior aspect of the prostatic urethra. The fibromuscular stroma is primarily 

located in the anterior segment whereas the posterior and lateral prostate is mostly 

glandular (Kabalin, 1992). The fibromuscular stromal elements condense on the 

periphery of the gland to form the prostatic capsule proper. The prostate is also 

surrounded by another fascia called the prostatic sheath, made up primarily of fibrous 

tissue in which a rich plexus of veins is embedded (Kabalin, 1992). 

The glandular elements of the prostate have been divided into four zones, the 

peripheral, central and transitional zones and the preprostatic tissue (Figure 1-2) 

(McNeal, 1981). The peripheral zone constitutes the bulk of the prostatic glandular 

tissue (70%) and it is the zone most commonly affected by prostatic carcinoma 

(McNeal, 1988b). This zone forms the posterior part of the prostate gland at the base, 

extending more anteriorly toward the apex until it fully encircles the urethra near the 

apex (Figure 1-3). The peripheral zone has a more simplified pattern of ducts 

compared to the central zone and these ducts drain separately into the distal urethral 

segment (Kabalin, 1992). The central zone makes up approximately 2 5 % of the 

glandular tissue of the prostate. This zone is a small piece of glandular tissue posterior 

to the proximal urethral segment that surrounds the ejaculatory ducts as they run from 

the seminal vesicles to the verumontanum. The preprostatic tissue, which surrounds 

the urethra proximal to the upper end of the verumontanum, is the smallest of the four 

regions and is the most complex in its arrangement of glandular and non-glandular 

elements. The transition zone accounts for 5 - 1 0 % of the glandular tissue of the 

prostate and is the most c o m m o n site for the development of benign prostatic 

hyperplasia (BPH) (McNeal, 1988b). This zone partially surrounds the preprostatic 

sphincter and proximal urethra and is usually separated from the central and peripheral 

zones by a distinct layer of fibrous tissue (Kabalin, 1992). 



Figure 1-2 Diagrammatic representation of the subdivision of zones in the prostate 
gland. Sagittal (A,B) and frontal views of the zones of the prostaet (B). The 
glandular elements of the prostate have been divided into the peripheral, central and 
transitional zones. [McNeal, 1988 #582] 

Legend: 

PZ Peripheral zone 
C Z Central zone 
T Z Transition zone 

UD Distal urethra 
U P Proximal urethra 
U Urethra 
V Verumontanum 
S Sphincter 
fm Fibro-muscular stroma 
e Ejaculatory channels 
bn Vesical collar 
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Figure 1-3 The four zones of the prostate. The peripheral zone constitutes 
bulk of the prostatic glandular tissue (70%), followed by the central zone 
(25%) and the transition zone (Walsh et al., 1998). 
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1.1.2 Histology 

1.1.2.1 Normal Prostate 

The prostatic epithelium is composed of two distinct cell types, secretory cells (including 

neuroendocrine cells) and basal cells. The epithelial cells rest on the basement lamina or 

membrane, which is about 100 n m thick and surrounds the acini (Figure 1-4) (Walsh et 

al, 1998). The basement membrane is a complex structure containing collagen types IV 

and V, glycosaminoglycans, complex polysaccharides and glycolipids. This layer forms 

an interface to the stromal compartment that consists of a structural extracellular matrix 

and a variety of stromal cells including fibroblasts, endothelial cells and smooth muscle 

cells (Aumuller, 1983). 

Secretory Cells 

Basement 
Membrane 

Basal Cells 

Neuroendocrine 
Cells 

B 

Figure 1-4 A Diagrammatic and microscopic representation of the prostatic epithelium. B 

Histology of the normal prostatic epithelium (400x). The prostatic epithelium is composed 

of two distinct cell types; secretory cells (A) and basal cells (B). Neuroendocrine cells are 

also scattered throughout the prostate. These cells rest on the basement lamina or 

membrane. 
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The prostatic glands are lined with tall columnar secretory cells (10-12 urn) which are 

easily distinguished by their morphology and abundant secretory granules. Each cell is 

connected to the next via cell adhesion molecules and their bases are attached to the 

basement membrane through integrin receptors (Walsh et al., 1998). The nucleus is 

located at the base of the columnar cells and the upper periphery is rich in secretory 

granules and enzymes. These epithelial cells produce secretions that drain into the 

acini and ducts which connect to the urethra (Walsh et al, 1998). 

In comparison to secretory cells, basal cells are less abundant and smaller. These small 

cells are triangular with little cytoplasm, are less differentiated and mostly devoid of 

secretory products (Walsh et al, 1998). Basal cells always rest on the basement 

membrane and appear wedged between the bases of adjacent tall columnar cells. The 

basal cell plasma membrane is rich in adenosine triphosphatases (ATPases), 

suggesting that these cells are involved in active transport (Isaacs, 1984). Basal cells 

also stain strongly with antibodies to keratin (Wojno & Epstein, 1995). 

Basal cells in the prostate were originally thought to be myoepithelial (Franks, 1954), 

however it has been confirmed that this is not the case because they are not rich in 

actin or myosin. It is currently suggested that these undifferentiated basal cells give 

rise to secretory cells and as such are functionally similar to stem cells (Evans & 

Chandler, 1987). It has been proposed that basal cells house a small stem cell 

population that gives rise to all epithelial cell lineages via intermediate phenotypes 

(Bonkhoff & Remberger, 1996). Immunohistochemical and radiolabeling experiments 

have demonstrated a significant proportion of proliferating cells within the 

nonmalignant prostatic basal cell population (Bonkhoff et ah, 1994; McNeal et al., 

1995). Furthermore, cell types exhibiting phenotypic characteristics intermediate 

between those of basal and luminal cells are present in the developing adult prostate 

(Mao & Angrist, 1966). 

In all zones of the prostate, the epithelium contains a small population of isolated and 

randomly scattered neuroendocrine cells. These cells are not only found in the 

epithelium of the acini and in ducts of all parts of the gland but also in the urothelium 

of the prostatic urethral mucosa (Abrahamsson et al., 1987; di SantAgnese, 1994). 

There are three types of prostatic neuroendocrine cells, with the major type containing 

both serotonin and thyroid stimulating hormone and the two minor cell types 

containing calcitonin and somatostatin (Abrahamsson & Lilja, 1989). Neurendocrine 
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cells are also known as A P U D (amine precursor uptake decarboxylase) cells and have 

been shown to regulate cellular activity in the prostate through secretion of hormonal 

polypeptides or biogenic amines such as serotonin (which are c o m m o n markers for 

prostatic epithelial cells) (Davis, 1987). There is a link between neuroendocrine cell 

differentiation and tumour progression in prostate cancer (Davis, 1987). 

The predominant product of prostatic neuroendocrine cells is chromogranin A, a 

member of a family of acidic secretory proteins found in the secretory granules of a 

wide variety of endocrine cells and neurones. The function of chromogranin A is yet to 

be elucidated (Huttner et ah, 1991) although it has been proposed to have extracellular 

bioactivity, or act as an autocrine or paracrine regulatory agent in secretory processes. 

In addition, chromogranin A may be involved in the packaging of peptides into 

secretory granules (Huttner et ah, 1991). Finally, it may modulate peptide hormone 

processing, as it has multiple dibasic sites that possibly serve as competitive substrates 

for proteolytic enzymes (Huttner et al., 1991). 

1.1.2.2 Benign Prostatic Hyperplasia 

B P H is a non-cancerous enlargement of the prostate gland and is the most common 

benign condition found in m e n over the age of 40. It is well established that the 

development of B P H is related to ageing and the testes. The role of testicular 

androgens is emphasised by the fact that B P H does not develop in m e n with the 

genetic inability to produce androgens or in those castrated before puberty (Walsh et 

al, 1998). 

The histological hallmark of B P H is an expansile nodule, produced by the budding and 

branching of newly formed ductal-acinar structures, by the focal production of stroma, 

or by a combination of both elements. Stromal hyperplasia is relatively more abundant 

than epithelial or glandular hyperplasia in most m e n with clinically significant B P H 

(Walsh et al, 1998). B P H mainly affects the transition zone but may also affect the 

periurethral region (Figure 1-5). As the condition progresses, B P H may lead to the 

formation of multiple cysts resulting from blockage of prostatic ducts by the 

hyperplastic tissue (Walsh et al., 1998). The epithelium in the hyperplastic prostate is 

similar to the epithelium lining normal prostate glands and is generally made up of tall 

columnar cells with pale staining cytoplasm, basal vesicular nuclei and indefinite 

luminal margins (Figure 1-6). In addition, there is often an inconspicuous basal layer 

of flattened cells beneath the cell surface resembling that in the normal prostate 

(Franks, 1976). 
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hyperplastic 
nodule 

periurethral 
region 

urethra 

pseudocapsule 

Figure 1-5 Zonal location of BPH. B P H mostly affects the transition zone and is 

frequently nodular but may also affect the periurethral region (Meares & Grannum, 1992). 
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Figure 1-6 Histological view of BPH. The epithelium is generally made up of tall 

columnar cells with pale staining cytoplasm, basal vesicular nuclei and indefinite luminal 

margins. Basal cells line the basement membrane (Magnification x200). 
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1.1.3 Prostate Function 

Despite extensive research, the exact function of the prostate is still largely unknown. 

A widely accepted biological role of the prostate is its slow accumulation and 

occasional rapid expulsion of small volumes of fluid (McNeal, 1988a). During 

ejaculation, muscles in the prostate contract to push the prostatic fluid through ducts 

into the urethra, where it mixes with sperm and other fluid. It is believed that through 

the secretion of this fluid that the prostate plays an important role in male fertilisation 

(Walsh et al., 1998). Both the prostatic ducts and acini appear to function as 

distensible secretory reservoirs. 

1.1.4 Secretory Products of the Prostate 

M u c h research has been performed to elucidate the chemical composition of secretions 

of normal human prostate glands (Aumuller & Seitz, 1990; C h o w et al, 1993; Daniels 

& Grayhack, 1990; Zaneveld & Tauber, 1981) which are known to contain many 

enzymes, metals, ions and other molecules (Kabalin, 1992). The three main proteins 

secreted by the prostate gland are P S A (Chapter 6), prostatic acid phosphatase (PAP) 

and PSP94 (Chapter 9). These proteins can be detected immunohistochemically in the 

epithelial cells of the prostate and in prostatic secretions (Lilja & Abrahamsson, 1988). 

Citric acid is synthesised by the prostate at extremely high concentrations compared to 

other soft tissues and as a direct result, the concentration of citrate in the ejaculate is 

500 to 1000 times higher than in the plasma (Walsh et al., 1998). Prostate secretory 

cells utilise aspartic acid and glucose to form citrate. High citrate concentrations 

observed in the prostate result partly from the inability of the mitochondria within 

prostate cells to readily oxidise citrate once it is formed. Therefore the rate of citrate 

synthesis greatly exceeds the rate of citrate oxidation (Costello & Franklin, 1989). 

Polyamines are the most basic positively charged organic molecules in nature (Walsh 

et al., 1998). These molecules occur ubiquitously at very high concentrations and are 

thought to be involved in diverse physiological processes including cell proliferation 

and growth. The exact role of polyamines at a molecular level is unknown although 

they have been detected at high levels in the seminal ejaculate (Walsh et al., 1998). 

The elevated levels of zinc present in human seminal plasma originate from secretions 

of the prostate gland, which has the highest concentration of zinc compared to all other 

organs (Walsh et al., 1998). A n important role for zinc in prostatic secretions is the 

direct role of zinc as a prostatic antibacterial factor (Fair & Wehner, 1976). 
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1.2.1 Natural History 

1.2.1.1 Statistics 

Almost all cancers that arise in the prostate are adenocarcinomas of the duct-acinar 

secretory epithelium (Walsh et al., 1998). Over the last two decades there has been a 

dramatic increase in the number of patients diagnosed with prostate cancer (Dennis & 

Resnick, 2000). A frequently suggested explanation for the increased incidence in 

prostate cancer is the improved protocols in place for early detection of both clinically 

significant tumours and B P H (Dennis & Resnick, 2000). 

In 1998, there were over 200 million people living in the US, an estimated 184,500 

patients were diagnosed with prostate cancer and over 39,200 m e n died from this 

disease making it the second most common cause of death among m e n in the U S 

(Landis et al., 1998). In 1999, there was an estimated 19 million people living in 

Australia, approximately 12,000 new cases of prostate cancer were diagnosed and over 

2,500 men died from this malignancy (Australian Bureau of Statistics). Similar to the 

US , prostate cancer is the second leading cause of cancer deaths of men in Australia 

behind lung cancer (Fitzgerald et al., 1994). 

1.2.1.2 Aetiology 

In 1992, an estimated 9 % of all prostate cancers and 4 5 % of cases in men younger that 

55 years of age could be attributed to a cancer susceptibility gene that appeared to be 

inherited in a Mendelian fashion as a rare autosomal dominant allele (Carter et al, 

1992). This study indicated that a germline mutation potentially capable of 

contributing to the evolution of clinically evident cancer at a young age, may be 

important in a subset of prostate cancers and may be critically important to 

understanding carcinogenic events (Carter et al., 1992). 

Prostate cancer in men under the age of 50 is not common, however the incidence and 

mortality of the disease increases at an almost exponential rate with age (Walsh et al, 

1998). Although it is not known why, prostate cancer increases faster with age than 

any other malignancy and with an ageing population (world wide), the impact of 

prostate cancer will continue to rise in the future. 
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High dietary fat intake is a probable risk factor for the development of prostate cancer 

(Zaridze et ah, 1984). It has been suggested that dietary patterns may alter the 

production of sex hormones and subsequently affect the risk of cancer development 

within the prostate gland (Armstrong & Doll, 1975; Rose et al, 1986). This has 

implications not only for the intake of dietary fat but also for the fat soluble vitamins 

such as vitamins A, D and E (Giovannucci et al, 1993). Testosterone is another 

probable risk factor and is necessary for the growth of normal prostatic epithelium 

(Montie & Pienta, 1994). Despite the knowledge that hormones play an important role 

in normal and malignant prostate physiology, their relationship to prostate cancer risk 

is still undefined. 

Although a few studies have reported a positive correlation, cigarette smoking and 

alcohol consumption are generally not considered risk factors for prostate cancer 

development (Anderson & Anderson, 1996; Colditz, 1996; Hayes et al, 1996; Hsing 

et al, 1991; Lumey et al, 1998). Presently available data examining the effect of 

physical activity and fitness are inconsistent (Thune & Lund, 1994), as are those 

considering marital status and socio-economic factors (Anderson & Anderson, 1996; 

Harvei & Kravdal, 1997). Finally, vasectomy and exposure to cadmium appear to be 

very low risk factors for the development of prostate cancer (Elghany et al, 1990; 

John et al, 1995; Rosenberg et al, 1994). 

1.2.1.3 Epidemiology 

Deaths due to prostate cancer display striking geographical variation, with 

international mortality rates varying 10-fold (Hanchette & Schwartz, 1992). The 

highest rates occur in the U S A , Canada and Scandinavia and the lowest in Hong Kong 

and Japan. Geographical variation is also evident within the U S , where the mortality 

rates among white m e n are higher in N e w England and North-Central regions. 

Interestingly, the incidence of prostate cancer among each race varies according to the 

country of residence of the men (eg. Japanese men who live in the U S A have a similar 

incidence of prostate cancer to Caucasian men living in the same region). This 

indicates that an interplay may exist between environmental and genetic susceptibility 

factors (Frydenberg et al, 1997). In addition, the incidence and mortality rate of 

prostate cancer in African-American males is twice that compared to American white 

men (Hanchette & Schwartz, 1992). 
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1.2.1.4 Familial Prostate Cancer 

Data from many studies suggest that m e n who have a first-degree relative with prostate 

cancer are two to three times more likely to develop the disease than men in the 

general population (Carter et al, 1992; Goldgar et al, 1994; Spitz et al, 1991; 

Steinberg et al, 1990; Whittemore et al, 1995; Woolf, 1960). The estimated 

magnitude of this relative risk appears not to differ across racial/ethnic groups 

(Whittemore et al, 1995). Prostate cancer presents significant obstacles to mapping 

susceptibility loci including the unavailability of parents of affected men for 

genotyping and age constraints of offspring inhibiting assessment of phenotype (Xu et 

al, 1998). Furthermore, due to the gender-limited nature of the disease, numbers of 

informative family members are restricted. Moreover it has become increasingly 

probable that prostate cancer is a genetically heterogeneous disease (Takimoto et al, 

2001). 

Further support for inherited prostate cancer susceptibility comes from data which 

supports a role for autosomal dominant inheritance within some families (Carter et al, 

1992; Gronberg et al, 1997; Schaid et al, 1998). This autosomal dominant inheritance 

is though to be mediated by specific genes or regions on the X chromosome. The A R 

gene (Xql2) has been studied for its relation to prostate cancer risk. Specifically, 

alleles of two trinucleotide repeats (a polyglutamine repeat and a polyglycine repeat) 

within the Xql2 gene have been associated with altered prostate cancer incidence 

(Giovannucci, 1995; Ingles et al, 1997; Platz et al, 1998) and progression (Edwards 

et al, 1999). Recently, a linkage analysis study revealed evidence of a prostate cancer 

susceptibility gene on Xq27-28 (Lange et al, 1999; X u et al, 1998). However, 

confirmation of the reported linkage results have been inconsistent (Bock et al, 2001; 

Eeles et al, 1998; Mclndoe et al, 1997; Vesprini et al, 2001) and as such, the genetic 

causes of prostate cancer remain unclear (Whittemore et al, 1995; X u et al, 1998). 

1.2.1.5 Symptoms of Prostate Cancer 

Carcinoma of the prostate is frequently asymptomatic initially or can present as 

urinary obstruction, irritative symptoms or signs of metastatic disease (Cleeve, 1995). 

As the tumour grows, it may spread from the outer to the inner part of the prostate, 

eventually putting pressure on the urethra. This may block the flow of urine from the 

bladder and cause other urinary problems, which are often the first symptoms of 

prostate cancer (Gittes, 1991). Urinary symptoms such as hesitancy, blood in the urine 
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or semen, nocturia, poor or intermittent flow and post-terminal dribbling may indicate 

obstruction to the flow of urine through the urethra caused by benign or malignant 

prostatic disease (Rashid & Watters, 1999). Unfortunately, once symptoms appear they 

often resemble those of BPH. Difficulties in distinguishing between B P H and prostate 

cancer are significant as noncancerous enlargement of the prostate is c o m m o n in men 

over the age of 50, and difficulty with urination may be attributed to ageing rather than 

disease (Rashid & Watters, 1999). 

Occasionally, prostate cancer produces no symptoms until bone pain, malaise or 

lymphatic symptoms (eg. palpable neck, leg or genital nodes) present as symptoms of 

metastatic disease (Cleeve, 1995). Other symptoms of metastasis include weight loss, 

anaemia, azotemia, fatigue, dyspnea and neurological symptoms (Gittes, 1991). 

1.2.1.6 Screening and Diagnosis 

Clinical investigations to detect the presence of prostate cancer include digital rectal 

examination (DRE), measurement of P S A levels, transrectal ultrasound (TRUS) and 

finally pathological confirmation of the presence of cancer cells in prostate biopsy 

specimens. 

An immunological assay for serum PSA is the most widely used indicator of prostate 

cancer (Epstein & Murphy, 1997) and used in addition to the D R E , increases the 

likelihood of accurate prediction of the presence of prostate cancer. P S A is a 

glycoprotein produced by the prostate cells and is stored along their intracellular 

membranes (Warhol & Longtine, 1985). P S A is produced by most normal, 

hyperplastic and malignant prostatic cells and is not normally present in serum. In 

contrast, it is suggested that P S A leaks from the prostatic ductal system into the 

bloodstream via capillaries and lymphatics after the prostate gland is damaged by 

trauma or disease (Oesterling, 1996). Measurement of serum P S A levels is used to 

screen for the presence of prostatic disease and to monitor prostate cancer progression 

and response to therapy. A variety of noncancerous conditions may elevate serum P S A 

including urinary retention, prostatitis, vigorous prostate massage, and ejaculation. 

Also, instrumentation such as cystoscopy, Foley catheter placement, and prostate 

biopsy can falsely elevate serum P S A levels (Ulf-Hakan et al, 1999). 
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A high level of P S A in the serum is usually indicative of prostate cancer but because 

other prostate diseases can also cause high serum P S A levels, P S A testing by itself 

cannot confirm the presence of prostate cancer (Oesterling, 1995). A high P S A level 

only indicates the possibility of prostate cancer and further evaluation is required. 

Conversely, a low P S A level does not confirm that prostate cancer is not present. For 

example, an early stage of prostate cancer may be present that has not yet caused the 

P S A to increase in the serum (Oesterling, 1995). 

Abnormal growth within the prostate results in alterations in its shape and outline, 

which can be detected by a D R E . A discrete nodule or asymmetry of the prostate 

suggests the presence of a tumour, however a normal D R E does not exclude cancer 

(Cleeve, 1995). 

TRUS is usually performed if an abnormality is detected during the DRE, regardless of 

the P S A results (Sperandeo et al, 2000). This procedure involves insertion of a probe 

into the rectum, which directs sounds waves onto the prostate creating a representative 

image. Automatic volume measurement of a tumour and the total prostate in 

combination with transverse, sagittal and oblique scanning of the prostate allows 

pathological fields to be localised in the prostate (Walter & Colstrup, 2001). Using 

transrectal ultrasonography, information about asymmetry of the prostate and tumour 

involvement at the prostatic capsule and seminal vesicles can be obtained (Walter & 

Colstrup, 2001). Definitive diagnosis of prostate cancer can only be made by T R U S 

guided biopsy of abnormal regions of the prostate and confirmation of the histological 

presence of cancerous cells in the prostate biopsy specimen (Cleeve, 1995). 

1.2.2 Histology 

1.2.2.1 Dysplasia 

Dysplasia is the most common, definitive premalignant change in the prostate 

(McNeal, 1965; McNeal & Bostwick, 1986) and comprises a one-dimensional 

continuum of nuclear and cytoplasmic abnormalities in epithelial cells lining ducts and 

acini (McNeal, 1989). It is a biological lesion in which cytoplasmic differentiation is 

reduced and disordered and the intracellular processing of cytoplasmic proteins and 

glycoproteins are altered (deVries et al, 1992). In its most severe expression, 

dysplasia produces cells that are histologically indistinguishable from those of 

invasive, poorly differentiated carcinoma (deVries et al, 1992). 
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Epithelial abnormalities characterising dysplasia include nuclear enlargement, nuclear 

hyperchromasia, cell crowding with variable pseudostratification, and increased density of 

cytoplasmic staining (Figure 1-7) (deVries et al, 1992). Foci of dysplasia are usually 

recognisable as circumscribed clusters of ducts and acini that contain darkly staining 

epithelium that contrast markedly with surrounding uninvolved glandular tissues (deVries 

et al, 1992). Dysplastic foci are often multiple and less than 5 m m in diameter (McNeal, 

1989). In the mildest degree of dysplasia, nuclei are enlarged with anisokaryosis and 

nonuniform spacing and the cytoplasm may or may not appear darker. In higher grades of 

dysplasia, dark cytoplasm is more consistent and the nuclear abnormalities are more 

severe. Cells often demonstrate nuclear crowding and pseudopapillations into gland 

lumens (McNeal etal, 1988; McNeal & Bostwick, 1986). 

Figure 1-7 Epithelial abnormalities characterising dysplasia. Foci of dysplasia usually 

present as circumscribed clusters of ducts and acini containing darkly staining epithelium 

(Magnification x200). 

1.2.2.2 Prostatic Intraepithelial Dysplasia 

Prostatic intraepithelial neoplasia (PIN) consists of architecturally benign prostatic 

acini or ducts lined by cytologically atypical cells. PIN is characterised by cellular 

proliferation within pre-existing ducts and glands with cytological changes 

mimicking cancer, including nuclear and nucleolar enlargement (Bostwick, 1995). The four 
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architectural patterns of high grade PIN include tufting, micropapillary, cribriform and flat 

(Figure 1-8) (Bostwick et al, 1993). These patterns are used for diagnostic use only and 

appear not to have any prognostic value. The differential diagnosis of PIN includes 

lobular atrophy, atypical basal cell hyperplasia, postatrophic hyperplasia, cribriform 

hyperplasia and metaplastic changes associated with prostatitis and infarction (Table 1-1) 

(Bostwick et al, 1993). 

Figure 1-8 Diagrammatic representation of the 4 architectural patterns of high grade PIN. 

Tufting, micropapillary, cribriform and flat represent these architectural patterns 

(Bostwick et al, 1993). 

High grade PIN (including PIN2 and 3) is reported as it is a precursor of prostate cancer 

(Bostwick, 1995) and has been shown to be more closely related to carcinoma than to 

benign epithelium (Bostwick, 1994; Colombel et al, 1993; Ibrahim et al, 1992; McNeal, 

1988b; Montironi et al, 1993a; Montironi et al, 1993b; Nagle et al, 1991). In contrast, 

low grade PIN (PIN1) is generally not commented on in diagnostic reports because it is 

widely accepted that pathologists cannot reproducibly distinguish between low-grade PIN 

and benign prostatic tissue (Epstein, 1995) and because patients diagnosed with low grade 

PIN on needle biopsy are at no greater risk of having carcinoma on repeat biopsy (Brawer 

etal, 1991). 
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Table 1-1 Diagnostic criteria for PIN (Bostwick, 1992). 

Feature Low grade PIN 

(PIN1) 

High grade PES 

(PIN2andPIN3) 

Architecture Epithelial cell crowding and 

stratification with irregular spacing. 

Similar to low grade PIN except more 

crowding and stratification. Four patterns 

commonly observed (tufting, micropapillary, 

cribriform and flat). 

Cytology 

- Nuclei 

- Chromatin 

- Nucleoli 

Enlarged with marked size variation. 

Normal. 

Rarely prominent. 

Basal Cell Layer Intact. 

Basement membrane Intact. 

Enlarged with some size and shape variation. 

Increased density and clumping. 

Occasionally to frequently large and 

prominent, similar to invasive carcinoma. 

Sometimes multiple. 

May show some disruption. 

Intact. 

1.2.2.3 Prostate Cancer 

Although many types of malignant tumours are known to affect the prostate, more than 

9 5 % of prostate cancers are acinar adenocarcinomas. Prostate adenocarcinoma is 

characterised by disturbances in architecture, invasion and anaplasia. Normal prostate 

glands have a classic convoluted structure and radiate from the urethra. Disturbances 

to the architecture of normal glands, resulting in adenocarcinoma, are manifested as 

randomly distributed glands, small and large acini closely packed together, large acini 

without convolutions, fused glands or glands within glands (Mostofi et al, 1993). 

M a n y prostate cancers contain more than one growth pattern. 

Malignant acini lack the orderly connective framework surrounding the acini of 

normal and hyperplastic glands. Although the earliest sign of invasion is the absence 

of a basal cell layer, this is not always definitive because some hyperplastic acini lack 

a basal cell layer. A n early indication of stromal invasion is breakthrough of the 

basement membrane (Mostofi et al, 1993). 
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As a general rule, the nuclei in prostatic cells are larger than those in benign cells. 

There are variable degrees of differences in size, shape and staining, the chromatin is 

usually condensed at the periphery and there is vacuolation of the nuclei (Mostofi et 

al, 1993). The most striking feature of nuclear anaplasia is a large nucleolus in the 

secretory cells which is diagnostic of prostate cancer. Crystalloids and mucin may 

also be seen in the lumina of malignant glands (Mostofi et al, 1993). 

1.2.3 Grading of Prostate Cancer 

Although numerous grading systems exist for the diagnosis of prostate cancer, the 

Gleason grading system (proposed by Dr Donald F. Gleason, 1966) is the most widely 

used worldwide. This system is based on the glandular and cellular pattern of the 

tumour and combines the two most common (primary and secondary) architectural 

patterns of cancer within the sampled specimen (Gleason, 1966). The similarity of 

tumour histology to normal gland architecture is called differentiation, and typically a 

tumour of nearly normal structure (well differentiated) will probably have a less 

aggressive (ie invasive/metastatic) biological behavior. 

Each of the two most common patterns of differentiation is assigned a grade from one 

to five, with one the most differentiated (and least aggressive) and five the least 

differentiated (most aggressive) histological pattern (Figure 1-9). The value of the 

Gleason grading system is its ability to predict survival rates. Importantly, Gleason 

grading may provide prognostic information that is to some degree independent of the 

extent of local tumour (Mostofi et al, 1993). 

Gleason grades 1 and 2 closely resemble normal prostate. These grades seldom occur 

in the general population and they confer a prognostic benefit which is only slightly 

better than grade 3. Both of these grades are composed of very pale glands which grow 

closely together. In grade 1 they form a compact mass whereas in grade 2, glands are 

more loosely aggregated with slight variation in size, shape, and spacing. In addition, 

occasional stromal invasion may be evident (McNeal, 1997). 
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Figure 1-9 Schematic diagram of the Gleason grading system. Conceptual diagram 

demonstrating the continuum of deteriorating cancer cell architecture, and the five 

grades along this continuum. Grade 1 appears on the far left and grade 5 on the far 

right (McNeal, 1980). 
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Gleason grade 3 is by far the most common grade and is also well differentiated. In 

contrast to grade 2, considerable variation in size, shape and spacing of the glands is 

evident and stromal invasion is frequent. The cells are dark rather than pale and the 

glands often have more variable shapes. 

The most important grade is Gleason grade 4 because it is frequently detected and if 

extensive, patient prognosis is usually (but not always) worsened compared to Gleason 

grade 3. At this grade there is a significant loss of glandular architecture and an almost 

complete absence of individual, separate gland units, each with its separate lumen 

(secretory space). Gleason grade 5 is less common than grade 4, and it is seldom seen 

in men whose prostate cancer is diagnosed early in its development. This grade too 

shows a variety of patterns, all of which demonstrate no evidence of discrete gland 

units. Gleason grade 5 is often called undifferentiated, because its features are not 

significantly different from undifferentiated cancers which occur in other organs. 

To account for the heterogeneity of histology within prostate cancer, the pathologist 

assigns the primary grade (the most common pattern) and secondary grade (the next 

most c o m m o n pattern) to each tumour. The Gleason score is obtained by adding the 

two values to give a score between two and ten. The higher the score, the less 

differentiated the cancer and the poorer the prognosis. As a rule, the secondary grade 

usually comprises at least 5 % of the cancer. 

1.2.4 Prostate Tumour Biology 

1.2.4.1 Chromosomal Alterations 

To define the molecular and cellular alterations associated with prostate cancer 

development and progression, alterations in specific chromosomal regions, genes and 

proteins have been identified. Several chromosomal re-arrangements or deletions have 

been observed in prostate cancer, including loss of sequences within 6q, 8p, 8q, lOq, 

12ql3.3-14.1, 13q and 16q (Chang et al, 1994; Fujiwara et al, 1994; Imbert et al, 

1996; Wistuba et al, 1999). The c-myc oncogene (locus 8q24) and the A R gene 

(Xqll—13) have been implicated in prostate cancer through the finding of altered 

sequences on chromosome 8q and the X chromosome respectively (Brothman et al, 

1999). Frequent losses also occur at two regions of 8p, corresponding to 8p 12-21 and 

8p22. M a n y studies concur that loss of 8p 12-21 is an early event in prostate 

carcinogenesis, occurring in both PIN lesions and early invasive carcinomas, whereas 
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loss of 8p22 is a later event because it is common in more advanced carcinomas 

(Amanatullah et al, 2000). 

Several parallels can be drawn between losses of chromosomal regions 8p and lOq in 

prostate cancer. Loss of lOq is a frequent event (~50%-80%) (Bergerheim et al, 1991; 

Carter et al, 1990; Ittmann, 1996; Saric et al, 1999; Trybus et al, 1996) and at least 

two independent loci are involved that map to 10q23.1 and 10q24-q25. Loss of lOq is 

thought to be a later event in cancer progression than loss of 8p, because it occurs 

more frequently in carcinoma and less frequently in PIN lesions. Similarly, metastatic 

prostate cancers have frequently been demonstrated to contain deletions on 

chromosome 16q, the site of the tumour suppressor gene, E-cadherin (Isaacs et al, 

1995). 

1.2.4.2 Growth Factor Alterations 

Growth factors such as transforming growth factor-alpha (TGFa), transforming 

growth factor-beta (TGF(3), insulin-like growth factor-1 (IGF-1), nerve-growth factor 

(NGF), fibroblast growth factor (FGF), epidermal growth factor (EGF), platelet 

derived growth factor (PDGF) and neuroendocrine peptides have been shown to 

contribute to the growth of normal and malignant prostate tissues (Fudge et al, 1996; 

Gann et al, 1999; Habib & Grant, 1996; Lee et al, 1999; Nelson et al, 1996). The 

interaction of epithelial cells with their surrounding stromal cells partially mediates the 

effects of most growth factors (Gleave et al, 1991). Neu, also known as HER-2, is a 

member of a growth factor receptor family that includes the E G F receptor. The E G F 

receptor is capable of dimerising with Neu and this heterodimer is normally expressed 

in prostate epithelial cells. Overexpression of E G F receptor/Neu has been implicated 

in the neoplastic transformation of prostate epithelial cells (Grasso et al, 1997; Myers 

et al, 1994). Although the predictive role of Neu remains controversial, serum levels 

of Neu correlate strongly with poor prognosis (Arai et al, 1997). 

TGF-P, and its family members are notable for their wide spectrum of biological 

effects (Wang et al, 1996). TGF-p inhibits the growth and proliferation of normal 

prostate epithelial cells in a cytostatic fashion. T w o mutational events appear to be 

associated with the conversion of a nonmalignant to a malignant state. These events 

are reduction in sensitivity to the growth inhibitory effects of TGF-P and the 
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acquisition of the ability to express an increased level of TGF-P which stimulates 

angiogenesis (Dunn et al, 2000; Wilding, 1991). Beyond its direct growth effects, 

TGF-P also increases the response of prostate cancer cells to positive mitogenic 

factors, such as members of the E G F and F G F families, suggesting that growth control 

is a delicate balance between positive and negative influences (Wilding, 1991). 

Analysis of TGF-p in human BPH and prostate cancer indicates greater accumulation 

of extracellular TGF-p in prostate cancer compared to normal prostate tissues 

(Thompson et al, 1992). Experimental studies have demonstrated that m R N A levels 

of TGF-P and other growth related genes are regulated by androgens in prostate cancer 

cells (Thompson et al, 1992). Direct determination of TGF-p levels and distribution as 

well as analysis of localised and systemic effects produced by TGF-P may serve as 

useful biomarkers for prostate cancer (Thompson et al, 1992). 

EGF and TGF-oc are two structurally and functionally related peptides that signal 

through the same 170-kDa E G F receptor, a transmembrane tyrosine kinase (Carpenter 

& Cohen, 1990; Massague, 1990). Consequently, their biological activities overlap and 

include roles in embryogenesis, cell differentiation, and angiogenesis (Ulrich et al, 

1984). Immunohistochemical studies on nonmalignant and benign prostatic tissues 

have shown that TGF-oc is expressed predominantly in the stroma, whereas its receptor 

is expressed by epithelial cells, suggesting a paracrine/juxtacrine mode of regulation 

(Cohen et al, 1994b). There is some evidence that TGF-oc may be androgen-regulated 

(Nishi et al, 1996). Increased expression of EGF/TGF-oc has been linked to prostate 

cancer development. A slight but important rise in E G F protein expression was 

observed in the epithelial cells of prostate cancer specimens (Fowler et al, 1988; Yang 

et al, 1993), and similarly, TGF-oc protein concentrations were raised in human 

prostate cancers in comparison with benign tissues (Harper et al, 1993). 

1.2.4.3 Oncogenes and Tumour Suppressor Genes 

Bcl-2 is an oncogene critically involved in apoptosis, or programmed cell death (Lu et 

al, 1996). Bcl-2 protein mediates survival by dimerising with Bax and inhibiting 

apoptosis. Although expression of Bcl-2 is low or absent in normal adult prostate and 

restricted in expression to the basal cells, Bcl-2 expression increases in PIN and locally 

invasive prostate carcinomas and is found in up to 1 0 0 % of hormone-refractory 
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primary and metastatic tumour samples. This finding implies that upregulation of Bcl-

2 confers a survival advantage in androgen-deprived conditions, and in keeping with 

this, overexpression of Bcl-2 in human L N C a P cells enables continued growth in 

androgen depleted media and protection from a variety of apoptotic stimuli (Dorai et 

al, 1999). 

Overexpression of Bcl-2 protein has been commonly detected by 

immunohistochemistry in advanced hormone refractory prostate cancers (Moul, 1999). 

It has been shown recently that Bcl-2 protein expression in primary prostate cancer is a 

predictor of cancer recurrence after radical prostatectomy. However, Bcl-2 is not 

useful to predict postoperative recurrence when sampling the pretreatment needle 

biopsy (Moul, 1999). Experimentally, Bcl-2 overexpression occurs after androgen 

deprivation and transfection of Bcl-2 into sensitive cell lines subsequently renders cells 

resistant to chemotherapy and hormonal therapies (DiPaola & Aisner, 1999). 

The retinoblastoma (Rb) gene was the first tumour suppressor gene to be cloned 

(Friend et al, 1986; Lee et al, 1987). R b encodes a nuclear protein that acts as a cell 

cycle control checkpoint at the restriction point at the end of the Gl phase of the cell 

cycle (Wiman, 1993). Deletion or inactivation of both R b alleles plays an essential, 

rate-limiting role in retinoblastoma and in the osteosarcomas that arise within families 

that carry a mutated R b gene. R b inactivation is also found in other sarcomas, small 

cell carcinoma of the lung, and in carcinoma of the breast, bladder, and prostate 

(Wiman, 1993). A n initial indication of the importance of tumour suppressor gene 

mutations in prostate cancer was derived from the examination of R b in prostate 

adenocarcinoma cell lines (Bookstein et al, 1990). From this study, it was suggested 

that R b inactivation may play a role in the progression of prostate cancer. 

1.2.4.4 Androgen Receptor 

The androgen receptor (AR) is a member of the steroid/thyroid hormone/retinoic acid 

family of receptors that bind to specific hormone-responsive elements in target genes, 

thus regulating transcription (Lubahn et al, 1988). There is increasing evidence that 

prostate cancer progression is accompanied by a shift in reliance on endocrine controls 

to paracrine and eventually autocrine controls (Isaacs et al, 1996). However, the 

molecular mechanisms involved in the development of androgen-independent prostate 
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cancer are unknown. In the past, clonal selection and adaptation have been used to 

explain progression, but these general theories have been supplanted by molecular 

concepts related to the A R (Sadar et al, 1999). As A R is the ligand-activated 

transcription factor that mediates the action of androgens, it is implicated in the 

progression of prostate cancer to androgen independence. While a high percentage of 

cells in primary prostate tumours are A R positive, variations in the levels of expression 

of the A R mitigate against a direct relationship between the level of receptor protein 

and the biological behavior of a given tumour. 

By searching for alternative explanations for receptor dysfunction, mutations in the 

ligand-binding domain of the A R have been identified (Barrack, 1996; Brinkmann et 

al, 1996; Culig et al, 1997; Taplin et al, 1995).- Although few mutations in the A R 

gene have been consistently identified in primary tumours, approximately 5 0 % of 

metastatic androgen-independent tumours (sampled from bone marrow of patients) 

carry A R gene mutations (Taplin et al, 1995). It has been hypothesised that mutated 

AR's may provide a selective growth advantage to prostate cancer cells after androgen 

ablation (Cohen et al, 1994a). This hypothesis has arisen as the A R gene mutations 

identified in prostate cancers result in receptors that are promiscuously activated by 

non-androgen ligands and which exhibit elevated transcriptional activity. Quantitation 

of the proportion of cells expressing mutant AR's within prostatic tumours will 

confirm whether prostate cancer progression is at least in part due to selective 

outgrowth of cells expressing A R gene mutations (Tilley et al, 1996). In addition, 

identification of genetic markers associated with hormone sensitivity will provide an 

opportunity for the development of routine screening assays for patients with prostate 

cancer (Habib & Grant, 1996). 

1.2.4.5 Alterations in Early Stage Prostate Cancers 

Despite the identification of molecular changes during the later stages of prostate 

cancer, very little research has been directed towards elucidating early changes during 

malignant transformation of prostate tissues. To date, the only early events in solid 

tumour carcinogenesis (including prostate cancer) that have been widely investigated 

are alterations in D N A methylation. Gene inactivation in tumours can be caused by 

hypermethylation of C p G rich nucleotide islands (Jones & Laird, 1999; Merlo et al, 

1995). For example, it is possible that hypermethylation of an area of chromosome 17p 

may lead to inactivation of a tumour suppressor gene at that site (Isaacs et al, 1995). 
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Hypermethylation of regulatory sequences at the detoxifying glutathione S-transferase 

gene locus is found in most (>90%) primary prostate carcinomas but not in normal and 

hyperplastic prostate tissue or other normal tissues (Lee et al, 1994). Loss of 

glutathione S-transferase may lead to increased mutation susceptibility of prostate cells 

(Lee etal, 1994). 

Characterisation of gene and protein expression profiles that distinguish prostatic 

neoplasms may identify genes and proteins involved in prostate carcinogenesis, 

elucidate clinical biomarkers, and lead to an improved classification of prostate cancer. 

Recently, screening techniques including proteomics and microarrays have been used 

to identify such profiles. Bull and coworkers were specifically interested in using 

molecular criteria to distinguish between different disease states within the prostate 

(Bull et al, 2001). Using microarrays, six genes were identified as being potential 

discriminatory markers between B P H and cancer and include alpha-subunit, C C 

chemokine metallopeptidase P R S M 1 , DKFZp586D091, laminin B 2 chain and 

repressor of oestrogen receptor activity (ERA). In particular, DFKZp586D091, laminin 

B 2 and E R A were detected at high levels in cancer tissue but not detected in either 

B P H or normal prostate. Another study using microarrays of complementary D N A 

examined the gene-expression profiles of normal and neoplastic prostate specimens 

and three c o m m o n prostate-cancer cell lines. From this study, it was concluded that 

expression of hepsin and pim-1 proteins correlated with measures of clinical outcome 

(Dhanasekaran etal, 2001). 

Proteome analysis is another approach to define markers useful for tumour diagnosis. 

In addition, proteomics has the potential to answer basic biological questions regarding 

mechanisms of cancer pathogenesis. Proteome analyses have also yielded information 

about tumour heterogeneity and the degree of relatedness between primary tumours 

and their metastases. A proteomic study comparing nonmalignant and malignant 

prostate tissues identified 23 differentially expressed proteins including PAP, 

mitochondrial proteins and cytoskeletal proteins (Alaiya et al, 2001). In a similar 

study, Alaiya et al demonstrated significant increases in the level of expression of 

proliferating cell nuclear antigen (PCNA), calreticulin, HSP90 and p H S P 60, 

oncoprotein 18(v), elongation factor 2, glutathione S-transferase-7t, superoxide 

dismutase (SOD) and triosephosphate isomerase (Alaiya et al, 2000). In addition, 

decreased levels of tropomyosin-1 and -2 and cytokeratin 18 were observed in prostate 
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carcinomas compared to B P H . From these studies it was concluded that a proteomic 

approach m a y not only identify proteins that contribute to the understanding of 

malignant transformation but server as potential markers of prostatic malignancy. 

1.2.5 Statement of Aims 

Prostate cancer is a commonly diagnosed malignancy and is currently the second most 

c o m m o n cause of cancer deaths of Australian men. The aetiology of prostate cancer is 

largely unknown and although a small proportion (10%) of cancers appear to be linked 

to an inherited disease involving single gene defects, the vast majority appear to 

involve an interplay of several factors both genetic and environmental. While a 

number of genetic and protein changes associated with advanced prostate cancers have 

been identified suggesting mechanisms of tumour progression to androgen-

independent disease, early changes in gene and protein profiles remain poorly defined. 

The characterisation of cellular changes contributing to malignant transformation of 

prostate epithelial cells is essential to the understanding of the causes of prostate 

cancer and for identification of diagnostic and prognostic markers of this disease. 

Therefore, the specific aims of this thesis were to: 

1. Define the proteome of nonmalignant and early stage prostate tumours and 

identify proteins with altered levels between controls and disease. 

2. Characterise the identified proteins and determine their tissue distribution in 

radical prostatectomy specimens containing nonmalignant and malignant foci 

of cells. 
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2.0 MATERIALS 

2.1 GENERAL LABORATORY REAGENTS 

REAGENT SUPPLIER 

Acetic acid (glacial) 

3 0 % Acrylamide Solution 

Agarose 

Alcian Blue 

Anti-Protease Complete® 

Amido Black 

Ammonium persulphate 

Ammonium sulphate 

Antibody diluent 

Arginine 

P-mercaptoethanol 

Biotinylated broad-range protein standards 

Broad-range protein standards 

Bromophenol blue 

Bovine serum albumin standards 

Carrier ampholytes (3-10) 

C H A P S 

Citric acid 

Coomassie Blue G-250 

Coomassie Blue R-250 

Copper sulphate 

Crocein Scarlet 

Dithiothreitol (DTT) 

E D T A 

Entellan mounting medium 

Eosin 

Ethanol (ethyl alcohol) 

Glycerol 

BDH, Australia 

BioRad, Australia 

BioRad, Australia 

Sigma Chemical Company, U S A 

Boehringer Mannheim, Germany 

Sigma Chemical Company, U S A 

Sigma Chemical Company, U S A 

B D H , Australia 

Dako, U S A 

Sigma Chemical Company, U S A 

B D H , Australia 

BioRad, Australia 

BioRad, Australia 

B D H , Australia 

Sigma Chemical Company, U S A 

Amersham Pharmacia Biotech, U K 

Sigma Chemical Company, U S A 

B D H , Australia 

BioRad, Australia 

BioRad, Australia 

B D H , Australia 

BioRad, Australia 

BioRad, Australia 

B D H , Australia 

Dako, U S A 

B D H , Australia 

B D H , Australia 

Progen Industries Limited, Australia 



Glycine 

Harris's Haematoxylin 

Hybond-C membrane 

Hydrochloric acid 

H2O2 stock 

Hyperfilm 

Immobilised pH Gradient Strips 

Isopropanol 

Lysine 

Kaleidoscope Prestained Standards 

Methanol 

Orange G dye 

Periodic Acid 

Ponsceau S 

Potassium dihydrogen orthophosphate 

Phosphoric Acid 

Schiff s Reagent 

Scott's tap water 

Skim milk powder 

Sodium azide 

Sodium chloride 

Sodium citrate 

Sodium dodecyl sulphate 

Sodium hydroxide 

Sulphobetaine 3-10 

TEMED 

Thiourea 

Toluidine Blue 

Tris 

Tween 20 

2D SDS-PAGE standards 

Sucrose 

Urea (dry) 

Wax pen 

Xylene 

BDH, Australia 

BDH, Australia 

Amersham Pharmacia Biotech, U K 

BDH, Australia 

Dako, USA 

Amersham Pharmacia Biotech, U K 

Amersham Pharmacia Biotech, U K 

BDH, Australia 

Sigma Chemical Company, USA 

BioRad, Australia 

BDH, Australia 

Sigma Chemical Company, USA 

Sigma Chemical Company, USA 

Sigma Chemical Company, USA 

BDH, Australia 

Sigma Chemical Company, USA 

Sigma Chemical Company, USA 

Dako, USA 

Bonlac Foods Ltd, Australia 

BDH, Australia 

BDH, Australia 

BDH, Australia 

BDH, Australia 

BDH, Australia 

Sigma Chemical Company, USA 

BioRad, Australia 

Sigma Chemical Company, USA 

Sigma Chemical Company, USA 

Sigma Chemical Company, USA 

Sigma Chemical Company, USA 

BioRad, USA 

BDH, Australia 

BDH, Australia 

Dako, USA 

BDH, Australia 
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ENZYME SUPPLIER 

Chondroitinase ABC 

Keratinase 

Keratinase II 

Neuraminidase 

O-Glycosidase 

PNGase 

Seikagaku, Japan 

Seikagaku, Japan 

Seikagaku, Japan 

Seikagaku, Japan 

Calbiochem, U S A 

Seikagaku, Japan 

2.3 A N T I B O D I E S 

A N T I B O D Y SUPPLIER 

Goat anti-mouse IgG H R P conjugate 

Sheep anti-rabbit IgG H R P conjugate 

Silenus, Australia 

Dako, U S A 

Mouse anti-human calponin 

Mouse anti-human glutathione-s-transferase 

Mouse anti-human keratan sulfate 

Mouse anti-human M B P 

Mouse anti-human matrix metalloproteinase 2 

Mouse anti-human prostasome 

Mouse anti-human PAP 

Mouse anti-human PSA 

Mouse anti-human PSA-ACT complex 

Mouse anti-human sialosyl-Tn-antigen 

Dako, U S A 

Dako, U S A 

Seikagaku, Japan 

Research Diagnostics, U S A 

Calbiochem, U S A 

Dako, U S A 

BioDesign, U S A 

Dako, U S A 

BioDesign, U S A 

Dako,USA 

Rabbit anti 

Rabbit anti 

Rabbit anti 

Rabbit anti 

Rabbit anti 

human A C T 

-human glyoxalase I 

-human lactoferrin 

human lumican 

-human N E D D 8 

BioDesign, U S A 

Dr S. Ranganathan, U S A 

Dako, U S A 

Dr P. Roughley, Canada 

Alexis Biochemicals, U S A 



Rabbit anti-human PSP94 

Rabbit anti-human tropomyosin-1 

2.4 INSTRUMENTS/EQUIPMENT 

INSTRUMENTS/EQUIPMENT 

Adobe Photoshop® 

Centrifuge: Mistral 3000/ 

CO2 Water-Jacketed Incubator 

Coverslipping Machine (CV5000) 

Cryostat 2000™ 

Dry Block Heater 

Film processor 

Glass homogenisor 

J3-MI Centrifuge 

Labelled Streptavidin-Biotin System 

Magnetic Beads 

Microcentrifuge: Eppendorf 5415C 

Reichart-Jung Microtome (RM2135) 

Microwave Oven H2800 

Hoeffer™ Mini Deca-Probe (PR150) 

Mini Trans-blot system 

Orbital shaker 

Phoretix™ 2D Software (version 5.01) 

SPECTRAmax 190 plate reader 

PowerPac 300 Power Supply 

PowerPac 3000 Power Supply 

Precast IEF gels 

Protean Cell (mini and large format) 

Protean IEF cell 

Routine Autostainer X L (ST5010) 

Misonix Sonicator (XL2020) 
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Dr J. Xuan, Canada 

Chemicon International, U S A 

SUPPLIER 

Adobe Systems Inc, USA 

Sanyo, Australia 

Nuaire™ US Autoflow, U S A 

Leica Microsystems, Germany 

Tissue-Tek®, U S A 

Thermoline, Australia 

Dupont, U K 

Ratek, Australia 

Beckman, U S A 

Dako, U S A 

Dynal, U S A 

Eppendorf, Germany 

Leica Microsystems, Germany 

Energy Beam Biosystems, U S A 

Amersham Pharmacia Biotech, U K 

BioRad, U S A 

Bellco Biotechnology, U S A 

NonLinear Dynamics Ltd, U K 

Molecular Devices, U S A 

BioRad, U S A 

BioRad, U S A 

BioRad, U S A 

BioRad, U S A 

BioRad, U S A 

Leica Microsystems, Germany 

SPI supplies, U S A 
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T 25 Ultra-Turrax homogenisor 

Umax Supervista S-12 scanner 

Vortex 

IKA Works Inc, USA 

Hsinchu, Taiwan 

Thermoline, Australia 

2.5 C O M M E R C I A L KITS 

KIT SUPPLIER 

B R A D F O R D PROTEIN ASSAY BIORAD, USA 

Protein Assay Dye Reagent Concentrate 

LIQUID D A B DAKO. USA 

Substrate 

Chromogen 

LSAB2 SYSTEM DAKO, USA 

Biotinylated rabbit, mouse and goat secondary antibodies 

Streptavidin enzyme conjugate 

ECL DETECTION SYSTEM AMERSHAM PHARMACIA BIOTECH. UK 

Solution A 

Solution B 



CHAPTER 3 



32 

3.0 METHODS 

3.1 PROTEIN EXTRACTION 

3.1.1 Protein/Serum Preparation 

Blood was collected via venipuncture into uncoated tubes by an experienced clinical 

nurse and left to clot at room temperature for 1 hour. Blood was centrifuged at 2500 g 

for 15 minutes at 4°C. Supernatant (serum) was carefully removed and stored in 200 

uX aliquots at -20°C. Pellets were discarded into appropriate waste containers. 

3.1.2 Dog Prostate Tissue 

Whole dog prostate was obtained from Associate Professor Kate Creed, Murdoch 

University, Perth, Western Australia. Approximately 0.5 g of peripheral zone tissue 

was excised from the prostate. Using a scalpel blade and scissors, the tissue was 

minced on ice in a glass petri dish. Finely minced prostate tissue was then homogenised 

using a T 25 Ultra-Turrax in 500 uL 50 m M sucrose buffer39 at 15000 g for 10 x 30 

second intervals. Suspensions were centrifuged for 10 minutes at 13000 g at 4°C and 

the protein concentrations of the supernatants were determined using a Bradford assay 

(section 3.2). Supernatants were subsequently either diluted (if necessary) and mixed 

with 2x S D S - P A G E loading buffer33 stored at -20°C in 100 uL aliquots. 

3.1.3 Human Prostate Tissue 

3.1.3.1 Primary Protein Extraction 

Fresh human prostate tissues were received on ice within 1 hour of surgical removal 

from patients by either open or radical prostatectomy. Approximately 0.3 g was 

dissected by a pathologist from the left and right prostatic lobes. Initially, macroscopic 

examination was used to determine tissue histology (i.e. the presence of malignant and 

nonmalignant tissue) based on colour, texture and surrounding tissue. Frozen sections 

were cut using a Tissue-Tek® cryostat and were stained with Haematoxylin and Eosin 

(H&E) (section 3.8.2). Sections were examined using light microscopy, and 

nonmalignant or malignant tissues were either macroscopically (using forceps and a 

scalpel) or microscopically (using an inverted microscope, forceps and a scalpel) 

dissected from the specimens. Tissues were then placed directly into 300 |iL 40 m M 

Tris p H 8.035 and vortexed vigorously for 5 minutes to disperse cells. The suspensions 
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were centrifuged for 10 minutes at 5000 g at 4°C and supernatants were transferred to 

1.5 m L microcentrifuge tubes. The supernatants were centrifuged for a further 10 

minutes at 12000 g at 4°C and the concentrations of subsequent supernatants were 

determined using a Bradford assay (section 3.2). Following this, supernatants were 

either frozen at -20°C in 100 uL aliquots or diluted 1:1 (v/v) in 2x S D S - P A G E loading 

buffer to normalise total protein concentrations. 

3.1.3.2 Multiple Surfactant Solution Extraction 

Between 0.3 - 0.5 g tissues obtained from open or radical prostatectomies were 

collected as above (section 3.1.3.1) and stored at -80°C until required. Frozen sections 

were cut from macroscopically dissected samples and stained with H & E (section 3.8.2) 

to identify the presence of nonmalignant and malignant prostate glands. Where 

necessary, frozen specimens were trimmed using a scalpel blade and forceps (section 

3.1.3.1) to ensure that most of the specimen constituted either nonmalignant or 

malignant glands. 

Proteins were solubilised from 0.1 - 0.5 g of selected tissues. Tissues were either 

homogenised on ice using a T 25 Ultra-Turrax for 3 x 30 second sets (each) at 13000 

rpm, 19000 rpm then 24000 rpm in 500 uL Multiple Surfactant Soution26 (MSS) or 

sonicated on ice for 5 x 10 second sets at 20Hz. Suspensions were centrifuged (12000 g 

for 8 minutes at room temperature), pellets were discarded and supernatants were 

mixed with 105 p L Multiple Surfactant Solution26 using an orbital shaker at 4°C for at 

least 2 hours. Following this, suspensions were either stored at -20°C or loaded into an 

BPG equilibration tray immediately prior to IPG strip loading (section 3.4.1). 

3.1.3.3 Sequential Protein Extraction 

Proteins were solubilised from 0.1 g to 0.5 g of selected tissues (section 3.1.3.1). 

Tissues were homogenised using a T 25 Ultra-Turrax for 3 x 30 second intervals at 

13000 rpm, 19000 rpm then 24000 rpm in 500 uL 40 m M Tris p H 8.035. Suspensions 

were centrifuged (12000 g for 8 minutes at room temperature) and pellets were stored 

on ice and labeled as pellet A. Supernatants were mixed gently with 40 m L ice-cold 

methanol and proteins were precipitated at -80°C for a minimum of 2 hours. 

Suspensions were then centrifuged (12000 g for 30 minutes at 4°C) and the 

supernatants were discarded. Pelleted proteins were re-dissolved by vortexing in 

solubilisation buffer B36, labeled as protein extract 1 and stored at -20°C until ready for 
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use. Following this, pellet A was also re-dissolved by vortexing for 2 minutes and 

sonicating for 5 minutes at 20 H z on ice in solubilisation buffer B36. Suspensions were 

then centrifuged (12000 g for 8 minutes at 4°C) and supernatants were labeled as 

protein extract 2 and stored at -20°C until ready for use. Pellets were resuspended in 

500 |iL 40 m M Tris p H 8.035 by vortexing for 2 minutes and were centrifuged at 12000 

g for 8 minutes at 4°C. Supernatants were discarded and the wash was repeated. The 

pellet was vortexed for 2 minutes and sonicated for 5 minutes at 20 H z on ice in 500 pL 

of solubilisation buffer C37. Suspensions were then centrifuged at 12000 g for 8 

minutes at 4°C and supernatants were collected, labeled as protein extract 3 and stored 

at -20°C until ready for use. 

3.2 PROTEIN QUANTITATION 

Concentrations of protein samples were determined using a modified Bradford Protein 

Assay. Bradford assay dye reagent was prepared according to the manufacturer's 

instructions by diluting 1 part dye reagent concentrate with 4 parts ddHiO. The reagent 

was centrifuged at 8000 g for 10 minutes at room temperature to remove all particulates 

and was stored for a maximum of 2 weeks at 4°C. Dilutions of bovine serum albumin 

(BSA) protein standard were prepared at 0.5, 0.4, 0.3, 0.2, 0.1 and 0.05 mg/ml in 

addition to 3 to 4 serial dilutions of each prostate protein sample. Ten uX of each 

standard and sample were aliquoted into a flat-bottomed 96 well plate in triplicate. T w o 

hundred p L of diluted dye reagent was added to each well. The contents of each well 

were mixed using a multi-channel pipette and plates were incubated at room 

temperature for 10 minutes. Absorbance was measured within one hour at 595 n m 

using the S P E C T R A m a x 190 plate reader. A computer generated standard curve was 

constructed using the known concentration and experimentally derived absorbances of 

the B S A standards using the S P E C T R A m a x software (Figure 5-2). The mean 

absorbances from triplicates of each sample were then used to determine concentrations 

of the samples by reference to the standard curve. 

3.3 ONE-DIMENSIONAL SDS POLYACRYLAMIDE GEL ELECTROPHORESIS 

The BioRad casting apparatus was assembled according to the manufacturer's 

instructions. Separating gel solutions31 were prepared and pipetted into the gel space to 

0.5 cm below the level of the gel comb. The gel solution was overlaid with water and 

allowed to polymerise for 90 minutes at room temperature. Following this, stacking gel 

solution32 was prepared and pipetted into the space surrounding the combs. The gel 
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solution was allowed to polymerise for 40 minutes at room temperature. Where 

possible, gels used to electrophorese proteins for peptide mass fingerprinting or 

sequencing were incubated overnight at 4°C in humid containers to ensure complete 

polymerisation. 

The BioRad Mini-Protean II Cell was assembled according to the manufacturer's 

instructions. The inner cell chamber was filled with lx SDS-PAGE running buffer34 to 

1 cm above the polyacrylamide gels and the outer cell chamber was filled to 2 cm 

above the base of the polyacrylamide gels. Samples were normalised for total protein 

and then diluted 1:1 (v/v) in 2x SDS-PAGE loading buffer33 and boiled at 100°C for 5 

minutes. Samples (20 - 25 pL) were loaded into each lane using a BioRad gel loading 

tip. Electrophoresis was carried out at 60 V for 20 minutes and then at 110 V until the 

dye front reached the bottom of the gel. 

3.4 TWO-DIMENSIONAL GEL ELECTROPHORESIS 

3.4.1 Isoelectric Focusing (IEF) 

Before IEF, samples were diluted with solubilisation buffer B or C to achieve 

desired concentrations of 150 pg per 130 pL of final sample volume. One hundred and 

thirty pL samples were pipetted in a straight line on the base of the immobilised p H 

gradient (IPG) rehydration trays. Pre-cast p H 3-10 non-linear IPG strips (7 cm) were 

lowered from the cathodic end at a 45°C angle over the sample, overlaid with paraffin 

oil and the rehydration trays were covered with a plastic lid to prevent drying out 

during overnight rehydration at room temperature. 

First dimension electrophoresis (IEF) was performed on the PROTEAN® IEF cell, 

using a linear voltage ramp with progressing voltages; 500 V for 30 minutes, 1000 V 

for 30 minutes and 8000 V for 6 hours or until a minimum of 25000 V h was reached. 

Alternatively, 18 cm IPG strips were used and focusing was performed at 1000 V for 

30 minutes, 2500 V for 30 minutes and 8000 V for 8 hours or until a minimum of 

65000 V h was reached. 

3.4.2 IEF Ready Gels 

Pre-cast IEF gels were inserted into the BioRad Mini-Protean II cell (section 3.3), the 

upper buffer chamber was filled to 1 cm above the pre-cast IEF gels with lx IEF 
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cathode buffer20 and the outer cell chamber was filled to 2 c m above the base of the 

pre-cast IEF gels with lx IEF anode buffer19. Samples were diluted with ddH 2 0 if 

necessary, diluted 1:1 (v/v) in IEF sample buffer22 and 10 - 15 uL were loaded into 

each lane using a BioRad gel loading tip. Focusing was carried out using a three tier, 

constant voltage protocol; 100V for 1 hour, 250V for 1 hour and 500V for 30 minutes. 

The current at each level started between 2.0 and 1.5 m A and decreased as the run 

progressed. Gels were stained with IEF staining solution23 (section 3.5.2) for 

subsequent image analysis. 

3.4.3 Second Dimensional Polyacrylamide Gel Electrophoresis (PAGE) 

Immediately following IEF (section 3.4.1), oil was removed from the plastic backing of 

each IPG strip with blotting paper and IPG strips were equilibrated for 30 minutes at 

room temperature with slow rocking in 5 m L equilibration buffer15. Excess 

equilibration buffer was blotted off and the IPG strips were loaded onto the top of 

preparative S D S - P A G E gels. IPG strips were held in place by pouring hot agarose 

embedding solution4 onto the top of the short glass plate of the S D S - P A G E gels and 

allowing it to set. Broad Range or Kaleidoscope molecular weight markers were loaded 

in each gel. Second dimensional electrophoresis was performed using 1.5 m m thick 

1 6 % SDS-polyacrylamide gels and was carried out at a constant current of 30 mA/gel 

until the dye front had migrated to the base of the gels. Gels were either stained with 

colloidal Coomassie Blue for subsequent image analysis (section 3.5.1) or prepared for 

western blotting (section 3.7). 

3.4.4 Large Format Second Dimensional PAGE 

Immediately following IEF (section 3.4.1), oil was removed from the plastic backing of 

each IPG strip with blotting paper and IPG strips were equilibrated for 30 minutes at 

room temperature with slow rocking in 10 ml equilibration buffer15. Excess 

equilibration buffer was blotted off and the IPG strips were loaded onto the top of large 

format preparative S D S - P A G E gels. IPG strips were held in place by pouring hot 

agarose embedding solution4 on to the top of the short glass plate of the S D S - P A G E 

gels and allowing it to set. Broad Range and Kaleidoscope molecular weight markers 

were loaded in each gel. Second dimensional electrophoresis was performed using 1.5 

m m thick 1 2 % SDS-polyacrylamide gels and was carried out at 15 mA/gel for the first 

30 minutes and then at a constant current of 30 mA/gel for approximately 6 hours or 

until the dye front had migrated to the base of the gel. Gels were either stained with 
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colloidal Coomassie Blue for subsequent image analysis (section 3.5.1) or prepared for 

western blotting (section 3.7). 

3.5 GEL STAINING 

3.5.1 Colloidal Coomassie Blue 

Following electrophoresis (sections 3.3 and 3.4), gels were placed in sealed containers 

for colloidal Coomassie Blue staining to avoid methanol evaporation. Although 

proteins were detectable after 2 hours, gels were immersed in colloidal Coomassie Blue 

staining solution10 and incubated at room temperature with slow rotation on an orbital 

shaker for 12 - 16 hours for quantitative staining. After staining, detection was 

enhanced by washing the gels in 3 changes of 1 % acetic acid1 for 4 - 6 hours at room 

temperature with gentle rotation on an orbital shaker. Gels were sealed in plastic bags 

and stored in 1 % acetic acid1 at 4°C. 

3.5.2 IEF 

Following isoelectric focusing (section 3.4.1), gels were immersed in IEF staining 

solution23 and were incubated at room temperature for 45 minutes with slow rotation on 

an orbital shaker. Gels were destained in 3 changes of IEF destaining solution21 over 3 -

4 hours at room temperature with slow rotation on an orbital shaker. Gels were sealed 

in plastic bags and stored in water at 4°C. 

3.5.3 Alcian Blue 

Following electrophoresis (section 3.3), gels were immersed in alcian blue stain5 in 

sealed containers for 2 hours with slow rotation on an orbital shaker at room 

temperature. Gels were destained with 3 changes of alcian blue destain solution6 within 

30 minutes followed by 3 changes of 1 0 % acetic acid3 within 30 minutes. Gels were 

sealed in plastic bags and stored in 1 % acetic acid1 at 4°C. 

3.5.4 Toluidine Blue 

Immediately after electrophoresis (section 3.3), gels were washed in distilled water for 

5 minutes at room temperature with agitation and fixed in 5 0 % methanol and 7 % 

acetic acid2 for 30 minutes at room temperature with slow rotation on an orbital shaker. 

Gels were transferred to a fresh container and washed in toluidine blue wash solution47 

overnight with slow rotation at room temperature. After three 5 minute washes in 

distilled water, proteins were stained with toluidine blue46 for 40 minutes with slow 
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rotation at room temperature. Gels were destained in 1% acetic acid1 at room 

temperature with agitation for 6 - 8 hours or for as long as required. Following this, 

gels were sealed in plastic bags and stored in 1% acetic acid1 at 4°C. 

3.5.5 Periodic Acid Schiff 

Immediately after electrophoresis (section 3.3), gels were washed in distilled water and 

stained in periodic acid for 15 minutes with slow rotation on an orbital shaker at 4 C. 

After three 5 minute washes in distilled water, proteins were stained in Schiff's reagent 

for 45 minutes at 4°C with slow rotation. Gels were washed at room temperature with 

slow rotation in distilled water for 2 - 3 hours or for as long as required. Gels were 

sealed in plastic bags and stored in water at 4°C. 

3.6 PROTEOMIC ANALYSIS 

3.6.1 Candidate Protein Selection 

Colloidal Coomassie Blue stained gels (section 3.5.1) were scanned at 100 pm 

resolution using an Umax Supervista S-12 scanner. Images were analysed using the 

Phoretix 2D Advanced software™, version 5.01. Each batch of gels was saved as a new 

experiment in Adobe Photoshop™ and loaded into the software as 12 or 16 bit tif files 

with all colour information discarded. 

Scanning software (supplied by Phoretix™) was used to calibrate all images. Extensive 

calibration was necessary as a densitometer was not used to acquire the images. A 

further check of calibration using the intensity calibration mode in the Phoretix™ 

program was applied to provide a high level of confidence in spot density results 

produced. The intensity calibration mode enabled the matching of intensity values in 

the images, measured in arbitrary units, to optical or diffuse density of protein spots 

(calculated by the scanning software). Once calibrated, gels were processed using the 

spot detection mode which performed automatic finding of spots (using the spot 

detection wizard). Following this, manual editing was carried out using the "draw 

spots", "grow peaks", "erase spots", "edge grow", "splitting" and "selecting" tools to 

achieve sensitive and specific protein spot selection. 

All gel images contained levels of background staining inherent in the image capture 

process. For accurate spot measurements to be obtained, it was necessary to account for 
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the background intensity of the gel material on each image. There were a number of 

options to achieve background subtraction including "manual background", "lowest on 

boundary", "average on boundary" and "mode of non-spot". In this thesis, "average on 

boundary" was the method of choice and was a fully automatic method of background 

subtraction. The background value for each spot was calculated by tracing a line just 

outside the boundary of each spot and then the background intensity for that spot was 

calculated as the mean value of the pixels outside the spot. Volumes were calculated as 

parts per million (ppm). 

Before matching similar proteins between a series of gels loaded with the same tissue 

types, reference gels must be selected. A reference gel is a single gel (usually the best 

gel) from a series of gels loaded with the same tissue type. Proteins from a series of 

gels loaded with the same tissue types were then compared to their corresponding 

reference gel by the process called "matching" to identify the protein spots that 

represent proteins c o m m o n to all gels within the series. 

Normalisation was performed to overcome differences in protein loading between gels. 

Total protein spot normalisation was achieved by dividing the total volume of all of the 

spots in a gel by the volume of each individual spot. As this method tended to produce 

extremely small values, they were multiplied by a scaling factor (selected by the 

software depending on the gel characteristics). 

It was difficult to distinguish features on a gel image by eye alone (i.e. identification of 

a single spot that may actually represent several protein spots that have merged 

together). B y using the "profiling" tool, intensity profiles of areas on a gel image that 

were densely covered with proteins were able to be calculated. These profiles provided 

a clear representation of the intensity changes in the gel, making it easier to select 

individual protein spots for sequencing or provide evidence that it is necessary to run a 

narrow range IPG strip to completely resolve proteins with similar pi's and molecular 

weights. 

Following pi and molecular weight calibration, proteins present in nonmalignant 

prostate tissues and absent or reduced in malignant prostate tissues were identified by 

comparing normalised nonmalignant and malignant reference gels and data using the 

'differential analysis' tool. The "correspondence analysis" tool was used to identify 

and select similar gels to maintain reproducibility of gels used. In addition to this, 
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differential expression of all proteins identified was confirmed by running batch queries 

using stringent search parameters. 

3.6.2 Identification of Candidate Proteins 

3.6.2.1 Mass Spectrometry 

Differentially expressed proteins selected using the Phoretix™ software were located 

on wet gels and excised using sterile pipette tips. Peptide mass finger printing (PMF) 

was performed by the Australian Proteomics Analysis Facility. Briefly, for P M F , 

samples underwent an 'in-gel' 16 hour tryptic digestion at 37°C. The resulting peptides 

were extracted from the gel with a 5 0 % (v/v) acetonitrile, 1 % (v/v) trifluoroacetic acid 

solution. A 1 p L aliquot was spotted onto a sample plate with 1 p L of matrix (oc-cyano-

4-hydroxcinnamic acid, 1 % v/v trifluoroacetic acid) and allowed to air dry. Matrix 

assisted laser desorption ionisation (MALDI) mass spectrometry was performed with a 

Micromass™ TofSpec 2E Time of Flight Mass Spectrometer. A nitrogen laser (337 

run) was used to irradiate the sample and the spectra were acquired in reflection mode 

in the mass range of 600 to 4000 Da. A n internal calibration was applied using two 

trypsin auto-digestion peaks at 842.51 D a and 2211.1 D a which gave a typical mass 

accuracy of -50 p p m or less. 

Peptldent, a program in ExPASy (http://www.expasy.ch/), is a tool that allows the 

identification of proteins using P M F data by calculating the theoretical peptides of all 

proteins in the Swiss-Prot/TrEMBLE databases by cutting them with an enzyme of 

choice (trypsin) and calculating the theoretical masses of generated fragments. 

Peptldent matches the masses of experimentally observed peptides with all peptide 

masses in the Peptldent index. Molecular weight, pi and species were specified to 

restrict the number of candidate proteins and reduce the rate of false positive matches. 

Furthermore, mass values entered were monoisotopic, in a positive ion mode and were 

protonated molecular ions. Due to the method by which protein samples were obtained, 

cysteine residues were noted to contain acrylamide adducts. In addition to 1 missed 

cleavage site, a mass tolerance of ± 0.2 D a was allowed. 

3.6.2.2 N-terminal Sequencing 

Differentially expressed proteins were excised using sterile pipette tips and sent to the 

Australian Proteomics Analysis Facility for N-terminal sequencing. Automated Edman 

degradation was performed using an Applied Biosystems™ 494 Procise Protein 

http://www.expasy.ch/


41 

Sequencing System. Performance of the sequencer was assessed routinely with 10 pmol 

lactoglobulin standard. 

Tagldent, another program in ExPASy (http://www.expasy.ch/) was used to analyse N-

terminal sequencing data and is a tool that identifies proteins by virtue of then-

estimated pi, M W , species specificity and a short protein sequencing tag of up to 6 

amino acids. This information is scanned on the Swiss-Prot/TrEMBLE databases and 

identifies proteins with similar profiles. 

3.6.3 Bioinformatics 

P M F data were compared to the Swiss-Prot and T r E M B L E databases using Peptldent. 

Over 60 matches were usually obtained and these were screened manually for score, 

sequence coverage and the presence of contiguous peptides. In cases (12 out of 27) 

where conclusive identification could not be obtained from the P M F data alone, 

proteins were subjected to N-terminal sequencing. Sequence data were compared to the 

Swiss-Prot and T r E M B L E databases using Tagldent and all remaining proteins (except 

2 N-terminally blocked proteins) were conclusively identified. Further database 

searches were performed using other search engines such as B L A S T P 

(http://www.ncbi.nlm.nih.gov/BLAST/) to confirm protein identity. 

3.7 WESTERN BLOTTING 

3.7.1 Western Transfer 

The BioRad Mini-Trans-Blot electrophoretic transfer cell was assembled according to 

the manufacturer's instructions. Following electrophoresis (sections 3.3 and 3.4), gels 

were equilibrated in western blot transfer buffer for 15 minutes with slow rotation on 

an orbital shaker to remove electrophoresis buffer salts and detergents. During 

equilibration, Hybond-C membranes were cut using sharp scissors or scalpel blades to 

the exact dimension of the gel or Hoeffer™ Mini Deca-probe. Membranes, filter paper 

and fiber pads were equilibrated in western blot transfer buffer48 for 5 minutes prior to 

transfer to ensure proper binding of proteins. A n equilibrated fiber pad was placed on 

the cathode side of the cassette followed by 3 filter papers, the gel, the Hybond-C 

membrane, 3 more filter papers and finally the second fiber pad. Once assembled, 

proteins were transferred at 200 m A for 60 minutes. 

http://www.expasy.ch/
http://www.ncbi.nlm.nih.gov/BLAST/
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3.7.2 Ponceau S Staining 

To ensure transfer was complete, Hybond-C membranes were stained with Ponceau S29 

for 5 minutes at room temperature with gentle agitation. Destaining was performed 

using ddH 2 0 with gentle agitation for as long as desired (usually 2 x 5 minute washes). 

3.7.3 Immunoblotting 

Following transfer or Ponceau S staining, membranes were washed in Tris buffered 

saline (TBS) for 10 minutes at room temperature with slow rotation and blocked in 
Q 

5 % Blotto overnight at 4°C with constant oscillation. Blocked membranes were then 

probed with primary antibodies using either a small, plastic, rectangular box or the 

Hoeffer P R 150 Mini Deca-probe. Primary antibodies were diluted in 2.5% Blotto8 

diluted in T B S T according to Table 3.1. Membranes were incubated with primary 

antibodies for 90 minutes at room temperature with gentle rocking, then washed (3x10 

minutes) with TBST44. Detection was accomplished using secondary antibodies diluted 

in 2.5% Blotto8 with T B S T according to Table 3.1. Membranes were incubated with 

secondary antibodies for 60 minutes at room temperature with slow rocking. After 

washing with TBST 4 4 (3 x 10 minutes), the membranes were developed using the 

E C L ™ detection system according to the manufacturer's recommendations. Briefly, 

excess wash solution was removed from the membranes which were then flooded with 

E C L ™ detection solution13 for 60 seconds. Excess E C L solution was removed, the 

membranes were wrapped in plastic and exposed to Hyperfilm for 10, 2, 1 or 0.5 

minutes. Films were developed using an automated Dupont Q C 1 - R/T film processor. 

Further exposures were performed if required or membranes were wrapped in foil and 

stored at 4°C. 

3.7.4 Membrane Stripping 

For re-use of membranes following immunostaining, membranes were incubated with 

stripping solution38 for 30 minutes at 50°C with agitation in sealed containers. Three x 

10 minutes washes were then performed in TBST 4 4 for 10 minutes at 4°C in sealed 

containers with slow rotation. Following this, membranes were either stored or blocked 

and re-probed (section 3.7.3). 
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Table 3.1 Primary and secondary antibody dilutions for western blotting 

Primary 

Ab 

Dilution 

1/10000 

1/10000 

1/1000 

1/1000 

1/1000 

1/100 

1/2000 

1/5000 

1/5000 

1/1000 

1/5000 

1/1000 

1/5000 

1/1000 

1/4000 

1/1000 

Primary Antibody 

Monoclonal mouse anti-human PAP 

Monoclonal mouse anti-human prostasome 

Monoclonal mouse anti-human M B P 

Polyclonal rabbit anti-human lactoferrin 

Monoclonal mouse anti-human glutathione S-transferase 

Monoclonal mouse anti-human matrix metalloproteinase 

Monoclonal mouse anti-human sialosyl-Tn-antigen 

Polyclonal rabbit anti-human A C T 

Monoclonal mouse anti-human PSA 

Monoclonal mouse anti-human PSA-ACT complex 

Polyclonal rabbit anti-human PSP94 

Polyclonal rabbit anti-human N E D D 8 

Monoclonal mouse anti-human calponin 

Polyclonal rabbit anti-human tropomyosin-1 

Polyclonal rabbit anti-human glyoxalase 

Polyclonal rabbit anti-human lumican 

Secondary 

Ab 

Dilution 

1/5000 

1/5000 

1/10000 

1/5000 

1/5000 

1/5000 

1/5000 

1/5000 

1/5000 

1/4000 

1/5000 

1/3000 

1/5000 

1/5000 

1/5000 

1/4000 

Secondary Antibody 

Anti-mouse IgG H R P conjugate 

Anti-mouse IgG H R P conjugate 

Anti-mouse IgG H R P conjugate 

Anti-rabbit IgG H R P conjugate 

Anti-mouse IgG H R P conjugate 

Anti-mouse IgG H R P conjugate 

Anti-mouse IgG H R P conjugate 

Anti-rabbit IgG H R P conjugate 

Anti-mouse IgG H R P conjugate 

Anti-mouse IgG H R P conjugate 

Anti-rabbit IgG H R P conjugate 

Anti-rabbit IgG H R P conjugate 

Anti-mouse IgG H R P conjugate 

Anti-rabbit IgG H R P conjugate 

Anti-rabbit IgG H R P conjugate 

Anti-rabbit IgG H R P conjugate 

3.8 STAINING O F P R O S T A T E TISSUES 

3.8.1 Tissue Preparation 

Unless otherwise stated, radical prostatectomy specimens were fixed in formaldehyde 

and routinely processed in the Department of Pathology, University of Western 

Australia or at Royal Perth Hospital. Sections from paraffin blocks were serially cut at 

5 p m thickness on a Reichart-Jung rotary microtome, floated on a water bath at 50°C, 

mounted onto glass slides coated with 3-aminopropyltriethoxysilane and dried for 2 

hours at 58°C. This prevented loss of tissue adherence to the slides during microwave 

antigen retrieval. Prior to staining, tissue sections were dewaxed for 5 minutes in 3 

changes of fresh xylene and re-hydrated for 5 minutes in 2 changes of absolute ethanol, 

9 5 % ethanol and 7 0 % ethanol to water. 

3.8.2 Haematoxylin and Eosin (H&E) Staining 

Paraffin embedded sections were dewaxed in xylene then rehydrated to water through 

100% ethanol, 9 0 % ethanol then 7 0 % ethanol for 5 minutes each with gentle shaking. 

Frozen sections (8 pm) were cut using the Cryostat 2000™ and both paraffin and 

frozen sections were either stained with H & E using a Routine Autostainer X L 
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(ST5010) or as follows. Slides were stained with Harris's Haematoxylin for 

approximately 1 minute, rinsed in tap water and incubated in Scott's tap water for 20-

30 seconds or until adequate staining was achieved. Slides were then washed, stained 

with aqueous Eosin for 3 minutes and dehydrated with 7 0 % ethanol, 9 5 % ethanol then 

100% ethanol for 5 minutes each with gentle shaking. After a final rinse for 5 minutes 

in 2 changes of xylene, slides were coverslipped using Entellan mounting medium. 

3.8.3 Immunohistochemistry 

3.8.3.1 Antigen Retrieval 

Rehydrated tissue sections were washed in T B S 4 4 prior to being placed in 150 m L 

plastic staining jars containing 0.01 M E D T A 1 4 p H 8.0 or 0.01 M citric acid buffer9 p H 

6.0. Slides were boiled at 100°C for 10 minutes in a H2800 microwave oven and cooled 

for 20 minutes at room temperature before washing in water. This period of 

microwaving enabled maximum antigen retrieval with minimal disruption of tissue 

architecture. Once washed for 5 minutes at room temperature in TBS44, a Dako wax 

pen was used to outline the section to minimise reagent requirements. Proteinase K 

digestion was performed by flooding slides for 7 minutes at 50°C with proteinase K 

(0.5mg/ml in TBS4 4). Following this, slides were washed for 5 minutes at room 

temperature in T B S and treated as previously described. 

3.8.3.2 Immunostaining 

Endogenous peroxidase activity was quenched by flooding each section with 7.5% 

H2O218 diluted in methanol for 10 minutes at room temperature. Sections were 

subsequently incubated for 60 minutes in a humid container at room temperature with 

primary antibodies diluted according to table 3.2. 

Table 3.2 Primary antibody dilutions for immunostaining 

Antibody 

Rabbit anti-human PSP94 

Rabbit anti-human N E D D 8 

Monoclonal mouse anti-human calponin 

Rabbit anti-tropomyosin-1 

Dilution 

1/100 

1/6400 

1/6400 

1/200 

A n L S A B plus (labeled streptavidin-biotin) kit was used to detect immunoreactivity. 

Sections were covered with 'linker' (supplied with the L S A B ™ plus kit) and incubated 
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for 30 minutes in a humid container at room temperature. Excess linker was removed 

by a 5 minute wash in TBS 4 4 at room temperature. Sections were then flooded with 

'label' (supplied with the L S A B ™ plus kit) and incubated for a further 30 minutes in a 

humid container at room temperature. Excess label was removed by a 5 minute wash in 
,44 TBS at room temperature. 

Immunoreactivity was detected using a liquid 3,3'-diaminobenzidine tetrahydrochloride 

(DAB) kit. Slides were flooded with diluted D A B (according to the manufacturer's 

instructions) for 6 minutes and the reaction was stopped by washing in deionised water 

for 5 minutes. Copper sulphate enhancement was performed by flooding the sections 

with 5 M copper sulphate12 for 5 minutes at room temperature. After washing in 

deionised water for 10 minutes, haematoxylin counterstaining was performed using the 

Routine Autostainer X L (ST5010) according to table 3.3 and the sections were 

mounted using Entellan mounting medium. For negative control sections, primary 

antibody was replaced with 1 % TBS44. 

Table 3.3 

Step 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Routine Autostainer X L Haematoxylin 

Solution 

ddH20 

Harris's Haematoxylin 

ddH20 

ddH20 

Acid Alcohol 

ddH20 

Scott's Tap Water 

ddH20 

9 5 % Alcohol 

Absolute Alcohol 

Absolute Alcohol 

Xylene 

Xylene 

Xylene 

counterstaining times 

Time (seconds) 

15 

28 

15 

15 

4 

15 

30 

15 

15 

15 

15 

15 

15 

Hold/Remove Slides 



CHAPTER 4 
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4.0 OPTIMISATION OF PROTEOMIC ANALYSIS 

4.1 INTRODUCTION 

4.1.1 Proteomics 

The term "proteome" was first described in 1995 and refers to the PROTEin complement 

expressed by a g e n O M E or tissue (Wasinger, 1995; Wilkins et al, 1996). The concept of 

the proteome is fundamentally different to that of the genome because while the genome is 

virtually static and can be well-defined for an organism, the proteome continually changes 

in response to external and internal events such as the developmental stage of an organism 

and the organism's physiological state. The primary objective of proteomic analysis is the 

identification and characterisation of protein expression patterns, post-translational 

modifications, phosphorylation states, novel gene products, binding proteins and mapping 

of protein-protein interaction sites between tissue samples. Thus proteomic analysis can 

elucidate tissue changes occurring as a result of mutations/polymorphisms, or in response 

to physiological or pathological processes (Wasinger, 1995). 

Proteomic analysis has developed from and continues to be dependent on two-dimensional 

gel electrophoresis (2DGE) (Boyle et al, 2001; Johnston-Wilson et al, 2001; Paweletz et 

al, 2001; W a n g et al, 2001; Weinberger et al, 2000). This technique is based on surface 

charge fractionation in the first dimension followed by mass driven separation in the 

second dimension. Surface charge fractionation is performed according to the isoelectric 

point (pi) of proteins in a p H gradient stabilised by ampholytes. Subsequent mass driven 

separation resolves these proteins further according to their molecular weight, most 

commonly using S D S - P A G E (Klose, 1975; O'Farrell, 1975). Approximately 30 years ago, 

Kenrick and Margolis combined IEF gels with gradient gel electrophoresis (Kenrick & 

Margolis, 1970) and this technique was further optimised by the use of discontinuous SDS-

P A G E for the second separation (O'Farrell, 1975). 
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4.1.2 Protein Preparation 

To obtain a representative protein sample, cells or tissues must be efficiently disrupted and 

the contents of the cells completely solubilised. Physical disruption methods such as 

homogenisation, sonication, and shearing-based techniques, are used to rupture cells prior 

to protein extraction with a urea-based solution containing nonionic detergents, reducing 

agents and a cocktail of protease inhibitors. Recent developments including the use of 

thiourea (Harry et al, 2000) and novel zwittergents (Corthals et al, 2000) have improved 

sample solubilisation reducing the need for specific methods for each cell or tissue type 

(Rabilloud et al, 1997). Herbert et al. have shown that the replacement of dithiothreitol 

(DTT) with the uncharged reducing agent tributylphosphine (TBP) maintains reducing 

conditions during IEF, thereby decreasing the likelihood of precipitation that could occur 

through aggregation initiated by disulphide bonding (Herbert et al, 1998; Wildgruber et 

al, 2000). Furthermore, the use of various surfactants such as N-decyl-N-N-dimethyl-3-

ammonio-1-propanesulphate (SB3-10) in solubilising solutions allows an increase in the 

chaotrope concentration. Despite a concomitant increase in the solubilisation of lipids, this 

method has been shown to improve the separation of membrane proteins from bovine 

neutrophils (Chevallet et al, 1998). 

Due to the high degree of complexity of eukaryotic tissues, a prefractionation step is often 

required to reduce the complexity of the cellular extract and allow the resolution and 

analysis of minor components. Preconcentration of proteins to be analysed may be carried 

out using IEF (Futcher et al, 1999), affinity pre-enrichment, such as immobilised metal 

ion affinity chromatography for phosphoproteins (Gygi et al, 2000) or by antibody 

precipitation to select for specific protein complexes. Alternatively, a series of strong 

solubilising buffers can be used to obtain a series of protein fractions to minimise the 

number of overlapping proteins and reduce the number of proteins detected in each step. 

This is important for studies requiring protein identification from preparative gels 

(Cordwell etal, 2000). 

4.1.3 Isoelectric Focusing 

Isoelectric focusing was originally described by Kolin in 1955 and was later refined by 

Vesterberg (Kolin, 1955; Vesterberg & Svensson, 1966). Typically, IEF was performed 

using a progressive p H gradient ladder formed within a stable gel matrix support. The 
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linear p H gradient was created by mobile, charge bearing synthetic compounds called 

carrier ampholytes which focus in a microzonal manner at their respective pi's once a high 

voltage direct current electric field has been applied through the gel. Although this 

methodology has been used in many studies (Cabral & Gottesman, 1978; D e Jong, 1971; 

Hamilton et al, 1980; Wagner et al, 1988), problems associated with p H gradient 

instability over time and irreproducibility following prolonged separation inhibited the use 

of conventional IEF. Both problems were mainly due to the undefined chemical 

composition of carrier ampholytes. 

To eliminate these problems, an alternative technique for pH gradient formation was 

developed. Although the concept of immobilines had been described previously (Gasparic 

et al, 1975), immobilised p H gradients (IPGs) were first introduced in 1982 (Bjellqvist et 

al, 1982) and their use was established by Gorg in 1985 (Gorg et al, 1985). IPGs are 

created by covalently incorporating a gradient of acidic and basic buffering groups 

(immobilines) into a polyacrylamide-supporting matrix. Development of IPGs for 

isoelectric focusing has enhanced reproducibility by allowing resolution over the majority 

of the spectrum of basic to acidic proteins, concurrently minimising problems associated 

with gradient drift (Dutt & Lee, 2000). Furthermore, the loading capacity of IPGs has been 

increased allowing detection of lower abundance proteins by mass spectrometry. 

Mixtures of immobilines to produce desired pH gradients were initially restricted to a 

range of 1 p H unit and were calculated using the Henderson-Hasselbach equation 

(Bjellqvist et al, 1982). Subsequently, Righetti and coworkers devised a computer 

program capable of producing recipes for monomer mixtures for both narrow and broad 

range p H gradients (up to 6 p H units) from 4 - 1 0 which could be linear or nonlinear 

(Altland, 1990; Celentano et al, 1991; Gianazza et al, 1989; Righetti & Gianazza, 1992). 

Formulations encompassing 7 p H units (pH 3-10) were described shortly after the initial 

description (Gianazza et al, 1989). Mosher and coworkers developed p H gradients 

covering the alkaline extreme of p H 10 - 11 (Mosher et al, 1989; Mosher & Thormann, 

1990) and the acidic extreme p H 3 - 4 was subsequently developed using commercially 

available immobilines (Binion etal, 1983). 
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4.1.4 T w o Dimensional Gel Electrophoresis 

The original high resolution 2 D G E methodology devised by O'Farrell was based on 

previous developments in electrophoretic technology (O'Farrell, 1975). The first 2D 

electrophoretic separation by Smithies and Poulik involved the separation of serum 

proteins using a combination of paper and starch gel electrophoresis (Smithies & Poulik, 

1956). Subsequent improvements include the use of polyacrylamide gels (Raymond & 

Weintraub, 1959), gradient polyacrylamide gels (Kenrick & Margolis, 1970; Raymond & 

Nakamichi, 1964) and discontinuous buffer systems (Davis, 1964; Ornstein, 1964). 

Use of polyacrylamide gels containing the anionic detergent, SDS, for separation in the 

second dimension resulted in the development of a 2 D method capable of resolving 

proteins according to two independent parameters (charge and size) (Macko & Stegemann, 

1969). Following this, the most significant advances in 2 D methodology were the inclusion 

of high concentrations of urea and non-ionic detergents (Bhakdi etal, 1974; Suria & Liew, 

1974). By 1975, a 2 D S D S - P A G E technique had been developed that had the resolution 

capacity to separate proteins from complex mixtures of whole cells or tissues (O'Farrell, 

1975). Since its original publication, O'FarreH's technique for 2 D analysis has been widely 

used, most commonly with minor modifications to suit the particular sample being 

examined. 

Alterations to O'Farrells 2D system by Anderson and Anderson in 1977 enhanced the 

reproducibility of 2 D electrophoresis by allowing multiple gels to be electrophoresed in the 

same run (Anderson & Anderson, 1977). Microversions of O'Farrells technique have also 

been established and were first reported by Ruchel where the first dimension was 

performed with gels in small capillary tubes followed by a second dimension SDS-PAGE 

step on small gel gradient slabs (Ruchel, 1977). Using mini-format 2 D gels, up to 1,500 

proteins which are of sufficient quantities to be sequenced by Edman methods (section 

3.6.2.2), can be resolved (Cash, 1989; Wasinger, 1995). By comparison, large-format gels 

resolve up to 8,000 distinct protein and peptide spots (Klose & Kobalz, 1995). 

4.1.5 Protein Detection 

Due to the lack of a suitable staining procedure for visualising proteins separated by 

electrophoresis on cellulose acetate strips, de St Groth and others systematically tested a 
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number of standard dyeing techniques used in the textile industry for their suitability as 

protein stains (de St Groth, 1963). In 1963 they introduced the acid wool dye Coomassie 

Brilliant Blue 250 as a suitable stain because of its high sensitivity, color intensity, and the 

position of its absorbance peak. In 1965, Meyer and Lambert successfully applied the 

Coomassie Blue staining method of de St. Groth to the detection of parotid saliva proteins 

separated by electrophoresis on acrylamide gel strips (Meyer & Lamberts, 1965). 

Two variants of the dye exist, Coomassie Blue G-250 staining with a green tint and 

Coomassie Blue R-250 staining with a reddish tint. The conventional Coomassie 

Blue/acetic acid/methanol staining procedure for acrylamide gels has seen widespread use 

throughout the years, but the strong background staining and resulting destaining steps 

often needed are inconvenient (Hames & Rickwood, 1990). In 1985, Neuhoff reported a 

sensitive protein stain for acrylamide gels based on the colloidal properties of Coomassie 

Brilliant Blue G-250 (Neuhoff et al, 1988; Neuhoff et al, 1990). This method produced 

stained protein bands on a clear background in less than an hour and had sensitivity levels 

similar to silver staining. Neuhoff improved this technique further in 1988 (Neuhoff et al, 

1988). The addition of methanol and ammonium sulphate to a solution of Coomassie Blue 

G-250 in dilute phosphoric acid shifted the dye into its colloidal form. During staining, an 

equilibrium exists between the colloidal and molecular dispersed forms of the dye. The 

dispersed form enters the gel matrix and stains the proteins preferentially while the 

colloidal form is excluded, avoiding background staining. Currently, the modified Neuhoff 

stain, also known as the Colloidal Coomassie Blue G-250 stain, detects proteins with 

concentrations as low as 40-50 ng, provides semi-quantitative data and is also compatible 

with subsequent P M F . 

The first silver stains for protein detection were adapted directly from histological stains 

and were introduced as a general protein detection method for proteins separated by P A G E 

in 1979 (Merril et al, 1979; Switzer et al, 1979). It was demonstrated to provide more 

than a 50-fold increase in sensitivity over that attained by Coomassie Brilliant Blue with a 

detection limit of 1-5 ng. 
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4.1.6 Protein Analysis 

4.1.6.1 Computer Analysis 

Prior to the development of image analysis software packages, data generated by 2 D G E 

was analysed manually. Currently, stained gels are scanned at different resolutions with 

high quality scanners or laser densitometers and computer software is used to analyse and 

track proteins. Mathematical adjustment of gel distortions may be required in addition to 

warping and transformation of gel images to achieve gel matching. Analysis is usually a 

multistage process involving spot detection, quantitation, fitting and modeling, background 

subtraction, normalisation, contrast enhancement and artifact removal, image alignment, 

and finally gel comparison. Although these processes can all be carried out automatically, 

approximately 1 0 % of the spots must be manually corrected and fitted due to the quality of 

the gel. Thus, although complex mathematical corrections can be performed, limiting 

factors are the reproducibility of sample preparation, 2-D gel running and staining 

(Quadroni & James, 1999). 

4.1.6.2 Mass Spectrometry 

The principle of mass spectrometry is measurement of the mass-to-charge ratio (m/z) of 

gas-phase ions. Sir J. J. Thomson developed the technique in the early 1900s when he 

obtained mass spectra of small gaseous ions (Thomson, 1913). Thomson's work was 

further developed by Aston who measured the masses of more than one hundred stable 

isotopes using similar techniques (Aston, 1919a; Aston, 1919b; Aston, 1933). Matrix 

assisted laser desorption ionisation (MALDI) was introduced in the late 1980s by 

Hillenkamp and others (Karas et al, 1987). For this, analytes are mixed with a saturated 

solution of ultraviolet-absorbing matrix (ie cyano-4-hydroxy-cinnamic acid for small 

peptides and 3,5-dimethoxy-4-hydroxy-cinnamic acid for larger peptides and proteins) and 

applied to a target plate. The solvent evaporates and the matrix and analytes co-crystallise 

on the target. A laser beam provides light that is absorbed by the aromatic matrix 

molecules and energy is subsequently transferred to the analyte that becomes desorbed into 

the gas phase. The M A L D I source has traditionally been coupled to time of flight (TOF) 

mass analysers because of its pulsed nature. 
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The description of time-lag focusing by Wiley and McLaren (Wiley & McLaren, 1955) 

resulted in improvements in resolution for mass spectrometry data. The principle of the 

T O F mass analyser is to measure the flight time of ions accelerated out of an ion source 

into a field-free drift tube to a detector. The ions will separate in the T O F mass analyser 

according to their m/z ratios, with light ions arriving at the detector earlier than heavy ions 

if they carry the same number of charges. Dodonov and coworkers (Dodonov et al, 1987) 

first introduced the electrospray source to an orthogonal extraction T O F mass 

spectrometer. The continuously infused ions are pulsed at a high frequency perpendicular 

to their initial direction of movement and their flight times are measured. 

MALDI based peptide mass fingerprinting (PMF) is the ideal first step in protein 

identification followed by N-terminal sequencing. In 1993, four groups independently 

proposed the idea of P M F (Henzel et al, 1993; James et al, 1993; M a n n et al, 1993; 

Yates et al, 1993). It was shown that only a small number of accurately measured peptide 

masses are required for unambiguous protein identification and that low pmol to high finol 

amounts of gel separated proteins could be identified using this technique. The concept of 

P M F is that the protein sample is enzymatically or chemically digested using a specific 

protease and the resulting set of peptide masses are determined by mass spectrometric 

analysis using M A L D I - T O F . Sites of post-translational modification in proteins are 

identified by measuring peptide masses and sequencing of peptides, sometimes following 

precursor ion scanning in the tandem mass spectrometer (Quadroni & James, 1999). 

4.1.6.3 N-terminal Sequencing 

A second step of identification (Edman N-terminal sequencing) is required where P M F 

does not yield a conclusive result. Sanger determined that the amino-terminal residue of a 

protein could be identified by labeling it with a compound that forms a stable covalent 

link. Although fluoro dinitrobenzene was originally used, dabsyl chloride is now widely 

used because it forms intensely coloured derivatives that can be detected with high 

sensitivity (Sanger, 1988). Despite this, Sanger's methodology cannot be used on the same 

peptide because the peptide is degraded in the acid-hydrolysis step. Pehr Edman devised a 

method for labeling the amino-terminal residue and cleaving it from the peptide without 

disrupting the peptide bonds between the other amino acid residues (Edman, 1970; Edman 
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& Begg, 1967). Currently highly sensitive automated systems are used to perform this 

technique. 

4.1.6.4 Protein Identification 

Once P M F or sequencing data are generated, proteins are identified by manipulating the 

information and comparing it to protein databases. The first protein sequence database was 

developed in 1986 in S W I S S - P R O T at the University of Geneva, Switzerland. Annotated 

protein databases such as S W I S S - P R O T and T r E M B L facilitate the analysis of post-

translational modifications, three-dimensional structure and physicochemical properties of 

identified proteins (Banks et al, 2000). 

Using PMF, a spectrum is generated with the molecular mass of individual peptides, which 

are used to search databases of theoretically derived peptide mass fingerprints to find 

matching proteins. A minimum of three peptide molecular weights is necessary to 

minimise and prevent false-positive matches. Depending on the number of residues 

sequenced using Edman N-terminal sequencing, peptides are compared to a number of 

different databases (ie Tagident or B L A S T P ) to determine their homology with previously 

known or theoretically derived protein sequences. 

In this thesis, proteomics was used to identify proteins that are down regulated in early 

stage prostate cancers compared to nonmalignant prostate tissues. Isolation and 

characterisation of such proteins may determine events involved in malignant 

transformation and identify candidate markers of prostate cancer. 
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4.2.1 Protein Extraction 

4.2.1.1 Dog Prostate Tissue Extraction 

Dog prostates were used to optimise protein extraction and electrophoretic procedures 

for proteomic analysis. A specimen of dog prostate was chopped with scalpel blades and 

proteins were extracted as described in section 3.1.2. Proteins were electrophoresed 

(section 3.3) and stained with colloidal Coomassie Blue (section 3.5.1). Electrophoresis 

of 20 pl/15 pg samples indicated that proteins of 20 k D to 66 k D had been resolved 

(Figure 4-1 A ) . The lack of high molecular weight bands and the lack of clarity of bands 

suggested that some protein degradation had occurred. However, evidence of proteins 

remaining in the well and vertical smearing in the lane indicated that either too much 

protein had been loaded or that proteins had not been denatured adequately. 

4.2.1.2 H u m a n Prostate Tissue Extraction 

Protein extraction methods were further optimised using fresh human prostate tissues. 

After dissection and mincing with scalpel blades, proteins were extracted (section 

3.1.3.1). Extracts were electrophoresed (section 3.3) and proteins were stained with 

colloidal Coomassie Blue (section 3.5.1). Electrophoresis of 25 pl/15 pg samples 

indicated that proteins of 97 k D to 8 k D had been resolved in the gel (Figure 4-1B). 

Although clear bands were visualised (suggesting that the use of a weak Tris buffer was 

superior to sucrose buffer for protein extraction), the lack of high molecular weight 

protein bands suggested that some protein degradation had occurred. 

4.2.1.3 Multiple Surfactant Solution Extraction 

Proteins extracted (20 pi) from radical prostatectomy specimens were solubilised in 

M S S at room temperature for 3 hours (section 3.1.3.2) and were loaded into linear pi 3-

10 IPG strips during overnight rehydration (section 3.4.1). Isoelectric focusing was 

performed using the IPGphor system (Amersham) as described in section 3.4.1. Focused 

strips were equilibrated, loaded into polyacrylamide gels, electrophoresed (section 

3.4.3) and proteins were stained with colloidal Coomassie Blue (section 3.5.1). 2 D gel 

electrophoresis of 20 pi samples indicated that a small fraction of the expected number 

of proteins were extracted and resolved using these procedures (Figure 4-2A). It is likely 

that poor solubilisation prior to IPG strip loading and possibly insufficient equilibration 

following focusing m a y have contributed to low numbers of proteins being resolved. 

Alternatively, insufficient sample m a y have been used or impurities in the sample may 

have prevented focusing. 



55 

200kD — 
116kD — 
97kD — 

66kD — 

45kD — 

33kD — 

21kD — 

A 

M 1 

w0-

m 

^ Mk 

200kD — 

116kD — 
97kD — 

66kD — 

45kD — 

33kD — 

21kD — 
8kD — 

B 

M 1 2 

•*••» 

, 

0 H B 9 f <•*>•• 

m >gf' 
— 

^ 

3 

— 

Figure 4-1 Polyacrylamide gel electrophoresis of prostate proteins. A. Proteins were 
extracted from fresh dog prostate tissues using 50 m M sucrose buffer and 
electrophoresed in 10% polyacrylamide gels. B. Proteins were extracted from fresh 
human prostate tissues using 50 m M Tris and electrophoresed in duplicate in 12% 
polyacrylamide gels. 

Gel A Gel B 

Lane: Lane: 
M. Broad Range M W Markers M. Broad Range M W Markers 
1. Dog prostate extract 1. Blank 

2. Extract of human prostate tissue (1) 
3. Extract of human prostate tissue (2) 
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Figure 4-2 Two-dimensional polyacrylamide gel electrophoresis of human 
prostate tissue extracted using MSS26. A. Proteins were extracted from fresh 
human prostate tissues using MSS26 and loaded into linear BPG strips. After 
focusing, proteins were electrophoresed in 16% polyacrylamide gels and 
stained with colloidal Coomassie Blue. B. Extended sample preparation was 
used in conjunction with MSS26. Proteins were focused, electrophoresed in 
16% polyacrylamide gels and stained with colloidal Coomassie Blue. C. 
Prolonged equilibration was also used together with MSS26. Proteins were 
focused, electrophoresed in 12% polyacrylamide gels and stained with 
colloidal Coomassie Blue. 

Lane: 
M. Broad Range M W Markers 
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To improve solubilisation, the same experiment was performed as described above 

except the 20 pi extract was mixed with 105 pi M S S at 4°C overnight. B y prolonging 

the solubilisation time, approximately twice the number of proteins were resolved 

(Figure 4-2B). Horizontal streaking was apparent and m a y have been caused by 

incomplete focusing, incomplete sample solubilisation prior to application or the sample 

not remaining soluble in rehydration solution. Although this was an overall 

improvement compared to previous experiments, further optimisation was required to 

resolve the desired 300 - 400 proteins. 

To enhance solubilisation further, proteins were extracted and focused as above then 

incubated for 30 minutes rather than 10 minutes in equilibration buffer. B y prolonging 

solubilisation and equilibration times, resolution was marginally improved (Figure 4-

2C) as horizontal streaking was minimised and a higher fraction of proteins were 

extracted. 

To increase the numbers of proteins resolved using this technique, proteins were 

extracted according to section 3.1.3.2 and mixed overnight at 4°C with either solution 

B 3 6 or commercially produced rehydration solution (Amersham) prior to loading. 

Rehydrated strips were focused (section 3.4.1), equilibrated, electrophoresed in 

polyacrylamide gels (section 3.4.3) and stained with colloidal Coomassie blue (section 

3.5.1). Fewer proteins were resolved using the commercially produced rehydration 

solution11 (not shown). Therefore to maximise the number of proteins resolved, extracts 

were routinely mixed with solution B prior to loading. 

4.2.1.4 Sequential Protein Extraction 

To improve resolution, a sequential protein extraction was performed (section 3.1.3.3) 

and proteins were loaded into linear pi 3 - 10 IPG strips during rehydration. Proteins 

were focused (section 3.4.1), loaded into polyacrylamide gels (section 3.4.3), 

electrophoresed and stained with colloidal Coomassie Blue (section 3.5.1). 

Electrophoresis of 30 pl/150 pg extracts represented optimal protein loading which 

produced high quality, reproducible 2 D gels that were relatively easy to interpret 

(Figure 4-3). The first step (extract 1) extracted readily soluble proteins (including 

hydrophilic proteins), the next step (extract 2) extracted less soluble proteins and the 

third step (extract 3) extracted highly hydrophobic proteins (including membrane 

proteins). 
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Figure 4-3 Two-dimensional polyacrylamide gel electrophoresis of human prostate tissues 
extracted using a sequential protein extraction. Proteins were extracted, loaded into linear 
IPG strips and focused. Extracts 1 (A), 2 (B) and 3 (C) were electrophoresed in 16% 
polyacrylamide gels and stained with colloidal Coomassie Blue. 

A and C Lane: B Lane: 
M. Broad Range M W Markers M. Kaleidoscope M W Markers 
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4.2.1.5 Disruption Method 

In order to characterise proteins in a complex mixture of prostate material, proteins of 

interest must be completely soluble under electrophoretic conditions. The effectiveness 

of solubilisation depended extensively on the choice of cell disruption, protein 

concentration, choice of detergents and composition of sample solution. Tissues were 

disrupted either by homogenisation or by sonication (section 3.1.3.3). As proteases may 

be liberated upon cell disruption and because proteolysis greatly complicates analysis of 

2 D results, protease inhibitors were included in solution A35. Proteins were separated 

by 2 D gel electrophoresis as described in section 3.4. Homogenised protein samples 

produced reproducible, well resolved 2 D gels that consistently contained more than 100 

proteins compared to gels loaded with samples that were sonicated using the same 

extraction buffers (Figure 4-4). 

4.2.2 IEF 

4.2.2.1 IEF Ready Gels 

Isoelectric focusing was first performed and optimised before two-dimensional 

electrophoresis was performed. Proteins were extracted according to section 3.1.3.3 and 

aliquots of extract 1 were diluted 1/10 with IEF sample buffer22, focused (section 3.4.1) 

and stained with IEF stain (section 3.5.2). Proteins with a p H of 8.0 to 4.6 were focused 

using these procedures (Figure 4-5). 

Initially 2D gels were run by focusing proteins on vertical IEF gels (section 3.4.2), 

cutting a single lane from these gels and placing it horizontally along the top of 

polyacrylamide gels. Proteins were stained with colloidal Coomassie Blue (section 

3.5.1). 2 D separation of 25 pi samples resolved approximately 40 proteins using these 

procedures (not shown). This procedure yielded few proteins, was time consuming, 

technically difficult and poorly reproducible. For this reason, IPG strips were used 

throughout this thesis (IPG strips were not used initially because these strips were not 

available at the commencement of this study). 

4.2.2.2 Rehydration 

To increase the number of proteins resolved, samples were loaded directly into IPG 

strips. Proteins were extracted according to section 3.1.3.3 and loaded into linear pi 3-10 

IPG strips via sample cups or by including them in the rehydration solution. Proteins 

were focused (section 3.4.1) and electrophoresed (section 3.4.3). B y including the 
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sample in the rehydration solution, larger protein concentrations were successfully 

loaded and separated (results not shown). It was also found that this method eliminated 

the formation of precipitates at the loading point (which occurred frequently when 

loading cups were used) and was technically simpler. In addition, leakages were 

minimised during loading preventing loss of sample. 

Proteins were extracted according to section 3.1.3.3 and were loaded into IPG strips 

during rehydration. Rehydration of IPG strips was carried out for 10, 16 and 18 hours. 

Proteins were focused (section 3.4.1) and electrophoresed (section 3.4.3). Increasing the 

rehydration time made no difference to the final 2 D gels (results not shown). Using the 

TPGphor IEF system, it was also demonstrated that temperature of rehydration made no 

difference to the final 2 D gels (results not shown). Temperatures assessed were 4°C and 

25°C/room temperature. 

4.2.2.3 IPG Strips 

To compare the two most commonly used and recommended IPG strip brands, ten 2 D 

gels were run using linear IPG strips from Amersham Pharmacia Biotech and BioRad. 

Proteins were extracted according to section 3.1.3.3, aliquots of extract 2 were loaded 

during overnight rehydration, focused (section 3.4.1), electrophoresed (section 3.4.3) 

and stained with colloidal Coomassie Blue (section 3.5.1). IPG strips from Amersham 

produced highly reproducible well resolved 2 D gels whereas the BioRad strips produced 

variable results between runs (results not shown). 

After running ten reference gels using linear IPG strips from Amersham, non-linear IPG 

strips were examined. Proteins were extracted according to section 3.1.3.3 and loaded 

into non-linear pi 3-10 IPG strips during rehydration. Proteins were focused (section 

3.4.1), equilibrated and electrophoresed (section 3.4.3) and stained with colloidal 

Coomassie Blue (section 3.5.1). Non-linear strips yielded optimal resolution over the p H 

range 5 to 7 (Figure 4-6). It was also determined that freezing the IPG strips overnight at 

-80°C did not affect the quality of the final 2 D gel result. 
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Figure 4-4 Two-dimensional polyacrylamide gel electrophoresis of 
human prostate tissues extracted using a sequential protein extraction 
combined with either homogenisation or sonication. Proteins were 
extracted by either homogenisation (A) or sonication (B). Proteins were 
loaded into linear IPG strips, focused and electrophoresed in 1 0 % 
polyacrylamide gels. 
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Figure 4-5 Isoelectric focusing gel of human prostate proteins. Proteins 

were extracted from fresh human prostate tissues using a sequential 
protein extraction and focused in IEF ready gels. 
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Figure 4-6 Two-dimensional polyacrylamide gel electrophoresis of 
human prostate tissues using linear and non-linear IPG strips. Proteins 
were extracted using a sequential protein extraction, loaded into linear 
(A) and non-linear (B) IPG strips and focused. Proteins were 
electrophoresed in 1 2 % polyacrylamide gels and stained with colloidal 
Coomassie Blue. 

Lane: 
M. Broad Range M W Markers 
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4.2.2.4 TPGphor IEF System vs P R O T E A N ® IEF Cell 

To yield optimal results, a number of procedures were evaluated with regard to running 

and characterising 2 D gels. One of the more significant of these evaluations was the IPG 

strip running systems. Proteins were extracted (section 3.1.3.3) and loaded into 7 cm 

non-linear pi 3-10 IPG strips during overnight rehydration. Proteins were then focused 

according to section 3.4.1 using either the IPGphor IEF system (Amersham Pharmacia 

Biotech) or the P R O T E A N ® IEF cell (BioRad). Focused IPG strips were equilibrated 

and electrophoresed (section 3.4.3) and proteins were stained with colloidal Coomassie 

Blue (section 3.5.1). It was observed that both systems produced high quality 2D gels 

(not shown) and were capable of high voltages, long focusing times (VH) and 

temperature control. However, the P R O T E A N ® IEF cell was utilised in all future 

experiments as this system was technically simpler to use and more cost effective. 

4.2.2.5 Volt Hours 

Over and under focusing of proteins can cause aberrant 2 D polyacrylamide gel patterns. 

The recommended volt-hours (Vh) for mini-format polyacrylamide gels is 20-25000 V h 

(BioRad). Proteins were extracted (section 3.1.3.3) and 2 D electrophoresed (section 3.4) 

then stained as described previously (section 3.5.1). Initially, proteins were focused for 

8000 volt-hours and occasional horizontal streaking was seen (Figure 4-7A). Increasing 

the volt-hours to 25000 (Figure 4-7B) improved resolution and removed horizontal 

streaking which allowed enhanced spot detection and subsequent data analysis. 

4.2.3 Second Dimensional Separation 

4.2.3.1 Protein Concentration 

The recommended protein concentration for mini-format 2 D polyacrylamide gels is 

between 100 pg - 500 pg, although this varies depending on the sample (BioRad). To 

compare the relative amounts of components in a sample, it was necessary to load equal 

amounts of protein to each 2 D gel. It was also important to determine optimum sample 

concentration to maximise protein resolution on the 2 D gels. Protein concentrations 

were determined by the Bradford protein assay (section 3.2) and equal concentrations 

were loaded into 7 cm non-linear IPG strips. After IEF (section 3.4.1), IPG strips were 

equilibrated and electrophoresed (section 3.4.3). Electrophoresis of 500 pg and 300 pg 

of protein resulted in overloaded gels as shown by considerable vertical and horizontal 

streaking and poorly resolved protein spots (Figure 4-8A, B). In comparison, gels 

loaded with 150 pg protein were well resolved with minimal streaking (Figure 4-8C). 
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Figure 4-7 Two-dimensional polyacrylamide gel electrophoresis of 
human prostate tissues using various voltages during IEF. In two 
separate experiments, proteins were extracted using a sequential 
protein extraction, loaded into non-linear IPG strips and focused using 
the P R O T E A N ® IEF cell for 8000 V H (A) or 25000 V H (B). Proteins 
were electrophoresed in 1 2 % polyacrylamide gels and stained with 
colloidal Coomassie Blue. 

Lane: 
M . Broad Range M W Markers 
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Figure 4-8 Two-dimensional polyacrylamide gel electrophoresis of human 
prostate tissues using various sample concentrations. Proteins were extracted using 
a sequential protein extraction and 500 pg (A), 300 pg (B) and 150 pg (C) of 
extract 1 was loaded into non-linear IPG strips. Proteins were focused using the 
PROTEAN® IEF cell, electrophoresed in 16% polyacrylamide gels and stained 
with colloidal Coomassie Blue. 

AandC Lane: 
M. Kaleidoscope M W Markers 

B Lane: 
M. Broad Range M W Markers 
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4.2.3.2 Second Dimensional S D S - P A G E 

A universal polyacrylamide concentration for second dimensional 2D gels does not exist 

as the optimal polyacrylamide concentration varies depending on the sample used. 

However, the most commonly used second dimensional gel for 2D electrophoresis 

appears to be a homogeneous gel containing 12.5% total polyacrylamide (Berkelman & 

Stenstedt, 1998). Initially 1 0 % polyacrylamide gels were used and 100 - 200 proteins 

were resolved (Figure 4-9A). In contrast, 400 - 500 proteins were resolved using 1 6 % 

polyacrylamide gels (Figure 4-9B). 

4.2.3.3 Large Format Gels 

To determine whether running large format gels would yield superior results for this 

project, a series of 18 c m IPG strips were loaded with 150 pg of extract 1, focused and 

electrophoresed (section 3.4). After a number of optimisation experiments (due to 

technical difficulties), approximately 400 proteins were resolved (results not shown). 

W h e n compared to the mini gel loaded with the same protein extract, approximately the 

same number of proteins were resolved (results not shown). As it was difficult to obtain 

sufficient tissue (especially high quality malignant tissue) for large format gels and the 

procedure did not appear to increase the number of resolved proteins, mini gels were 

used for all future experiments. 
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Figure 4-9 Two-dimensional polyacrylamide gel electrophoresis of 
human prostate tissues using different polyacrylamide gel 
concentrations. Proteins were extracted using a sequential protein 
extraction and extract 1 was loaded into non-linear IPG strips. Proteins 
were focused using the P R O T E A N ® IEF cell, electrophoresed in 1 0 % 
(A) and 1 6 % (B) polyacrylamide gels and stained with colloidal 
Coomassie Blue. 

Lane: 
M. Broad Range M W Markers 
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The results of the present study demonstrate the optimisation of proteomics specifically for 

prostate tissues. Currently, there are no universal protocols for 2 D G E analysis due to the 

diverse nature of protein samples. Due to their ready availability, dog prostate tissues were 

used as an initial tissue source for development of protein extraction methods. However, 

variables including the age of the dog from which the prostate was collected and unknown 

pathology of the tissues used (Bostwick, 2000; Brendler et al, 1983; Gorg & Werner, 

1966; Nissenkorn & Meshorer, 1993; Waters, 1999) rendered this tissue source 

inappropriate for method optimisation. As a consequence of these findings, human prostate 

tissues were collected and proteins were extracted using a Tris buffer rather than the 

sucrose buffer which was used to extract proteins from dog prostate tissues. As expected, 

more proteins were resolved due to the ionic nature of Tris and its ability to maintain p H 

(Facility, 1999; McCoy-Messer & Bateman, 1993; Wiltfang, 1991). 

The composition of the buffer in which the sample is solubilised is critical for 2DGE as 

solubilisation for the first dimension must not affect the protein pi, nor leave the sample in 

a highly conductible solution. As recommended by the Australian Proteomic Analysis 

Facility, M S S was used to improve protein solubilisation and subsequently increase the 

number of proteins resolved. High speed centrifugation was used in combination with this 

buffer to eliminate any non-solubilised material. Although more proteins were resolved 

compared to the Tris buffer extraction, the typically reported resolution of 300 - 400 

proteins was not observed when mini-format polyacrylamide gels were used (Bergman et 

al, 2000; Rabilloud et al, 1997). B y increasing sample mixing time with M S S and 

increasing IPG strip equilibration time, an increased number of proteins were resolved. 

Several groups advocate the use of sample prefractionation using differential solubilisation 

(Cordwell et al, 2000; Molloy et al, 1998) or by prefractionating the proteins by IEF in 

solution prior to 2 D G E (Zuo & Speicher, 2000). Fractionation of total tissue proteins using 

a series of increasingly powerful solubilising buffers, resolved significantly more proteins 

(overall) compared to a one step extraction using M S S . B y including urea (a common 

protein denaturant) in the main solutions used in the sequential protein extraction 

procedure (solutions B and C), sample solubility was markedly increased (Herbert, 1999; 
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Herbert, 1998; Herbert et al, 1998; Molloy et al, 1998; Rabilloud et al, 1997). Recent 

investigations have advocated the use of thiourea (Harry et al, 2000) and novel 

zwittergents (Corthals et al, 2000) as their inclusion in the sequential protein extraction 

buffers enhanced sample solubilisation further. The use of various surfactants such as SB 3-

10 increased the chaotrope concentration which has also been strongly recommended 

(Chevallet etal, 1998). 

In addition to chemical solubilisation techniques, mechanical forces were also used to 

disaggregate protein molecules (Herbert et al, 1998). Both sonication and homogenisation 

were used although fewer proteins were seen using sonication. Proteolysis was prevented 

by maintaining low temperatures and including anti-proteases such as P M S F , E D T A , 

pepstatin, or protease inhibitor cocktails in the primary solubilisation buffer. The use of 

protease inhibitors is widely recommended (Alaiya et al, 2000; Alaiya et al, 2001) despite 

the fact they can produce artifactual spots on 2 D maps and have also been shown to 

modify proteins by introducing charge artifacts (Dunn & Corbett, 1996). Although short 

term storage (several hours to overnight) of protein extracts at 4°C was advocated by 

Rabilloud and coworkers (Rabilloud, 1996; Rabilloud et al, 1997), longer storage at -80°C 

made no difference to the number of proteins resolved. 

Once the protein extraction protocol was optimised, one-dimensional IEF was performed. 

Initially (in the absence of commercially available IPG strips), single lanes were cut from 

one-dimensional IEF gels and loaded into second-dimension polyacrylamide gels. The 

resulting two-dimensional gel contained very few proteins, most likely due to the excessive 

gel handling required with this technique and loss of proteins between first and second 

dimensional separation by precipitation. W h e n IPG strips became commercially available, 

markedly more proteins were resolved and focusing reproducibility was improved. 

Increased sample loads were achieved as immobilised p H gradient gels were rehydrated 

directly in the sample rather than in buffer alone, as had typically been done (Berkelman & 

Stenstedt, 1998). Furthermore, the sample load capacity of IPGs is much higher than in 

carrier ampholyte/one dimensional IEF because the focusing protein zones cannot displace 

the p H gradient (Cordwell et al, 2000). Linear IPG strips were run initially to allow 

calibration of known proteins but for enhanced resolution over densely populated areas, 

non-linear IPG strips were used. Although not presented in the results, narrow range IPG 
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strips were used to resolve proteins further where necessary for excision and subsequent 

identification. 

Large format SDS-PAGE reportedly allows thorough assessment of complex samples. 

However, the small format S D S - P A G E system was ideal for rapid optimisation of sample 

preparation methods (Glasson et al, 1998). In many situations (including this body of 

work), mini 2 D systems can completely replace large 2 D systems, thus providing speed, 

convenience and ease in handling (Alaiya et al, 2000; Focarelli et al, 1999; Gorg et al, 

1997). While it was observed that more prostatic proteins were resolved using mini format 

1 6 % polyacrylamide gels, most other studies report use of either 9 % or 10-13% gradient 

polyacrylamide gels (Alaiya et al, 2000; Alaiya et al, 2001; Ornstein et al, 2000). 

Although silver staining methods are about 10-50 times more sensitive than Coomassie 

Blue G-250 staining, following 2 D G E , proteins were stained with colloidal Coomassie 

Blue. Silver staining is not recommended for 2 D G E staining as it is unlikely that there will 

be sufficient concentrations of proteins of interest necessary for mass spectrometry and N-

terminal sequencing. Silver staining was not (and is still not in certain facilities) 

compatible with the available protein identification techniques. Silver ions aggregate 

around the proteins in the gel, inhibiting mass spectrometry and sequencing. Furthermore, 

silver staining is not quantitative, often produces high background staining, is expensive, 

laborious and depending on the method used, inconsistent. Usually, a single Coomassie 

stained protein spot yields sufficient protein (1-10 pg) to obtain an N-terminal amino acid 

sequence (Wilm et al, 1996). To elucidate internal sequences (which requires higher 

protein amounts), several identical spots from different 2 D gels were pooled. For mass 

spectrometric analysis, lower amounts of protein were sufficient (Wilm et al, 1996). 

The overall proteomic conditions used throughout this thesis are based on the findings of 

this chapter. A sequential protein extraction combined with homogenisation was used to 

extract proteins from selected tissue specimens and a modified Bradford protein assay was 

used to determine the concentration of tissue extracts. Prior to isoelectric focusing for 

25000 V h using the P R O T E A N ® IEF cell, 150 pg protein samples were loaded into 

Amersham, non-linear IPG strips during overnight rehydration. IPG strips were 
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equilibrated for 30 minutes and proteins were electrophoresed in 1 6 % mini-format 

polyacrylamide gels prior to staining with colloidal Coomassie Blue. 

Although a significant amount of time was invested in optimising this technique, further 

optimisation would have yielded proteins known to be more difficult to isolate such as 

hydrophobic and membrane-bound proteins. A factor not addressed (due to time 

constraints) was the functional interactions between proteins in the cell. Protein-protein 

interactions and interactions with other biostructures such as the phospholipid bilayer, 

extracellular matrix, cell wall and cytoskeletal network all are likely to contribute in some 

degree to impaired protein extraction (Bradd & Dunn, 1993; Corbett & Dunn, 1993; 

Herbert, 1999; Molloy et al, 1998). Considering this and the chemical nature of 

hydrophobic proteins, it is likely that many hydrophobic proteins were simply not soluble 

in the standard denaturing solutions used. A n alternative approach for the separation of 

hydrophobic proteins may be to perform a prefractionation step to first isolate the 

membranes (using a technique such as density centrifugation) prior to solubilisation and 

2 D G E . Such an approach has been reported to separate inner membrane proteins, although 

inconclusive results suggest further method development is required for routine 2 D G E 

separation of hydrophobic proteins (Sato etal, 1911). 



CHAPTER 5 
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5.0 PROTEOMIC ANALYSIS OF PROSTATE TISSUES 

5.1 INTRODUCTION 

Prostate cancer is the second most common cause of cancer deaths in Australian men 

(Australian Bureau of Statistics, 1999). As the population ages, it is predicted that the 

number of patients with prostate cancer will increase during the next decade. The high 

morbidity and mortality associated with prostate cancer is partly because the disease 

manifests itself at an advanced stage. Early diagnosis may increase the rate of survival by 

allowing treatment at more favorable stages (Grover & Resnick, 1997). To date, a 

consistent and conclusive "marker" gene/protein for human prostate cancer has not been 

identified. Furthermore, no oncogene(s) or tumour suppressor gene(s) or combination 

thereof have been conclusively correlated with the initiation or progression of this 

malignancy (Konishi et al, 1996; Unwin et al, 1999) despite a number of studies 

indicating that oncogenes and tumour suppressor genes are involved in the initiation and 

development of various other human malignancies (Konishi et al, 1996). 

While DNA and RNA approaches have been successful in identifying molecular profiles in 

nonmalignant and malignant tissues, they provide only partial information regarding the 

protein products of mutated or dysregulated genes (Emmert-Buck et al, 2000). Efficiency 

of translation, post-translational modifications, protein stability, phosphorylation state, 

protein-protein interactions and protein-DNA binding affinities are examples of parameters 

that cannot be examined by D N A and R N A techniques alone. Therefore, protein studies 

are an important component in determining the molecular anatomy of nonmalignant and 

neoplastic tissues (Emmert-Buck et al, 2000). 

Early changes in the proteome following malignant transformation of prostatic epithelium 

are poorly characterised. It is known that at the protein level, distinct changes occur during 

the transformation of a normal cell into a malignant cell, ranging from altered expression, 

differential protein modifications, and changes in specific activity due to aberrant protein 

localisation, all of which m a y affect cellular function (Dutt & Lee, 2000). Identification of 

such changes in the proteome following malignant transformation of prostatic epithelium 
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may lead to a greater understanding of prostate carcinogenesis and identification of early 

markers of prostate cancer that can be used for diagnosis. 

Although studies have examined prostatic fluid (Grover & Resnick, 1995), blood (Charrier 

et al, 1999; Qian et al, 1997) and urine (Grover & Resnick, 1997) using proteomics, very 

few investigations have applied this technique to specifically identify proteins with 

different expression levels in human prostate tissues (Alaiya et al, 2000a; Alaiya et al, 

2000b; Alaiya et al, 2001). Discerning the mechanisms whereby normal cells transform 

into premalignant cells then invasive tumour cells and finally develop metastatic potential 

are best understood if analyses are performed using the tissue itself. This chapter presents 

the use of proteomics for the characterisation of protein profiles in both nonmalignant and 

malignant human prostate tissues and the identification of differentially expressed proteins. 

As prostate cancer is a heterogeneous disease, identification of markers that are 

representative of the majority of prostate cancers (not individual cases) are required. In 

view of this, 32 malignant tissue samples were used to create a reference map. Normal 

prostate glands are relatively rare in the age group where prostatic adenocarcinoma occurs, 

therefore 56 B P H tissue samples were used. Proteins with decreased levels in malignant 

prostate tissues compared to nonmalignant prostate tissues were identified. These proteins 

may play important roles in malignant transformation. Their identification may elucidate 

critical steps involved in this pathway and lead to the development of new 

histopathological markers of prostate cancer. 
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5.2.1 Tissue Histology 

Tissue was collected from radical prostatectomy specimens and stored at -80°C. To 

confirm histology and dissect unwanted tissue, frozen sections were cut from each 

specimen and stained with H & E (section 3.8.2). Histological features of nonmalignant 

and hyperplastic glands were confirmed prior to the use of the specimens. 

Nonmalignant and hyperplastic glands were typically lined with basal cells and 

contained a uniform arrangement of luminal cells (Figure 5-1A and B). Nonmalignant 

glands contained large lumens and were rounded whereas hyperplastic glands were 

convoluted (Figure 5-IB). In contrast, malignant glands lacked basal cells and 

contained irregularly sized epithelial cells with large nuclei and nucleoli. (Figure 5-1C). 

Where present, these glandular structures were considerably smaller, of variable size 

and surrounded with densely packed stroma. Of the 32 specimens examined, 18 

consisted mostly of Gleason grade 3 and 14 consisted mostly of Gleason grade 4. 

5.2.2 Protein Estimation 

Proteins were extracted from nonmalignant and malignant tissue specimens (section 

3.1.3.3) and the protein concentration of each sample was determined using a modified 

Bradford protein assay (section 3.2) with bovine serum albumin standards (Table 5-1; 

Figure 5-2). In total, 56 nonmalignant and 32 malignant samples were assayed (Table 

5-2 and 5-3). In addition to tissue samples, serum was collected from 2 healthy males, 1 

healthy female and 3 patients with prostate cancer (section 3.1.1). The protein 

concentration of each serum sample was determined as for prostate tissue samples 

(section 3.2) except that solution B 3 6 was omitted from the standards (Table 5-4). 

5.2.3 Two-Dimensional Gel Calibration 

Prior to image analysis, 2 D markers were resolved (section 3.4) with and without tissue 

samples in 10%, 1 2 % and 1 6 % polyacrylamide gels (Figure 5-3). The 2 D markers 

consisted of 7 reduced, denatured proteins that were visualised with colloidal 

Coomassie Blue staining. The 2 D markers not only allowed calibration of the non

linear p H gradient but also provided land marks (known proteins) that were used to 

' adjust and calibrate initial pi and molecular weight "ladders" plotted on the 2 D gels 

during Phoretix™ image analysis (section 3.6.1). 
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Figure 5-1 Typical tissue histology of human prostate specimens. Eight 
p m frozen sections of prostate glands were stained with H & E and 
examined under light microscopy. (A) Nonmalignant prostate glands [G] 
uniformly lined with luminal epithelial cells (arrow) with an underlying 
basal cell layer (arrowhead). Prostate glands were separated by a loose 
fibromuscular stroma [S]. (B) Hyperplastic prostate glands were less 
rounded and display characteristic intrusions (green arrow). (C) Malignant 
prostate tissues contained small irregularly sized glands that lacked basal 
cells. Malignant epithelial cells contained irregularly shaped nuclei. Bar = 
20pm. 
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Table 5-1 Bovine Serum Albumin Standard Preparation 
Standards for each protein assay were determined using the reagents and 
volumes specified below. Solution B 3 6 was included to account for the 
effect of D T T on the A595 of prostatic tissue samples. 

B S A Concentration 

(mg/ml) 

0.5 

0.4 

0.3 

0.2 

0.1 

0.05 

0.0 

fi.1 of 2mg/ml 
B S A stock 

25 

20 

15 

10 

5 

2.5 

0 

|J.l of 
ddH 20 

70 

75 

80 

85 

90 

92.5 

95 

(0.1 of Solution 
B 

5 

5 

5 

5 

5 

5 

5 

Figure 5-2 Bovine Serum Albumin Standard Curve. The A595 for each 
protein standard was determined using a modified Bradford Assay (section 
3.2). Standards were prepared in triplicate and repeated if the standard 
deviation from the mean was greater than 0.05mg/ml. 
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Table 5-2 Estimated Protein Concentrations of Nonmalignant Tissue Samples 

Sample 

# 

99-0356 

99-0592 

99-0243 

99-0880 

99-1020 

99-1149 

99-1150 

99-1163 

99-1271 

99-1289 

99-1297 

99-1302 

99-1313 

99-1345 

99-1347 

99-1380 

99-1382 

00-0008 

00-0014 

00-0038 

00-0046 

00-0050 

00-0061 

00-0062 

00-0064 

00-0075 

00-0102 

00-0239 

Estimated Protein 

Concentration (mg/ml) 

4.16 

6.08 

6.64 

3.39 

2.80 

1.20 

4.12 

3.10 

5.89 

2.91 

7.30 

4.20 

3.80 

8.10 

4.63 

6.09 

4.33 

3.25 

3.94 

3.75 

3.80 

4.10 

3.95 

4.80 

5.23 

4.24 

6.89 

3.25 

Sample 

# 

00-0299 

00-0350 

00-0354 

00-0369 

00-0391 

00-0462 

00-0497 

00-0499 

00-0651 

00-0694 

00-0780 

00-0781 

00-0785 

00-0912 

00-0941 

00-0997 

00-1001 

00-1023 

00-1078 

00-1080 

00-1087 

00-1265 

00-1290 

00-1291 

00-1296 

00-1299 

00-1305 

00-1306 

Estimated Protein 

Concentration (mg/ml) 

2.30 

4.30 

1.30 

2.33 

3.25 

3.91 

4.80 

4.00 

1.57 

2.63 

4.91 

6.53 

7.68 

2.95 

4.11 

3.22 

4.41 

1.26 

4.54 

4.47 

3.26 

3.91 

1.93 

2.52 

2.78 

2.74 

2.11 

2.87 
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Table 5-3 Estimated Protein Concentrations of Malignant Tissue Samples 

Sample 

# 

99-0357 

99-0593 

99-0881 

99-1151 

99-1164 

99-1290 

99-1303 

99-1314 

99-1348 

00-0039 

00-0047 

00-0051 

00-0063 

00-0076 

00-0103 

00-0240 

00-0300 

Estimated Protein 

Concentration (mg/ml) 

4.81 

5.92 

3.00 

4.21 

3.90 

3.59 

4.57 

4.02 

4.00 

3.29 

3.05 

3.76 

4.29 

4.09 

3.21 

2.87 

2.15 

Sample 

# 

00-0351 

00-0355 

00-0370 

00-0392 

00-0463 

00-0500 

00-0652 

00-0695 

00-0913 

00-0942 

00-0998 

00-1002 

00-1024 

00-1079 

00-1081 

00-1088 

00-1266 

Estimated Protein 

Concentration (mg/ml) 

3.87 

0.90 

2.9 

3.78 

3.01 

3.83 

1.20 

2.23 

2.44 

4.00 

3.70 

3.48 

0.88 

4.51 

3.09 

3.75 

3.40 

Table 5-4 Estimated Protein Concentrations of Serum Samples 

Sample # 

(Normal) 

00-011 

00-012 

00-001 

Estimate Protein 

Concentration (mg/ml) 

93.7 

76.8 

123.0 

Sample # 

(Malignant) 

00-021 

00-022 

00-024 

Estimated Protein 

Concentration (mg/ml) 

97.9 

79.0 

82.8 
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Figure 5-3 Calibration of 2D polyacrylamide gels. Two-dimensional 
protein markers were focused on 3-10 nonlinear IPG strips (section 
3.4.1) and resolved in 10%, 1 2 % and 16% acrylamide SDS-PAGE gels 
(section 3.4.3). Above is an example of a 1 2 % acrylamide gel stained 
with colloidal Coomassie Blue (section 3.5.1). 

Lane: 
M . Broad Range M W Markers 
1. 76 kD 
2. 66 kD 
3. 43 kD 
4. 36 kD 
5. 31 kD 
6. 21 kD 
7. 17 kD 
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5.2.4 Selection of Differentially Expressed Proteins 

Although over 100 prostate samples were collected, sufficient tissue was available from 

only 88 (56 nonmalignant and 32 malignant) samples. Of the 88 samples, 34 (20 

nonmalignant and 14 malignant) yielded well resolved 2 D gels (Figure 5-4). A well 

resolved 2 D gel was characterised by a good spectrum of proteins separated along both 

the pi and M W ranges, the presence of tight protein spots and a lack of horizontal and 

vertical streaking. Approximately 450 protein spots per gel loaded with extract 1 

(section 3.4.1) were recorded. Protein expression patterns of nonmalignant and 

malignant prostate tissues were analysed for qualitative and quantitative differences 

using the Phoretix™ software (section 3.6.1). 

Following background subtraction and spot matching, gel matching was performed by 

picking the best gel as the reference gel and subsequently matching each gel in the 

matched set to the reference gel. The nonmalignant reference map was created by 

identifying proteins common to 20 samples and then plotting these proteins on a single 

image (Figure 5-5). Fourteen malignant samples were analysed in the same manner 

(Figure 5-5). Proteins were scored as "altered" if there was a clear decrease or no signal 

in the malignant reference map compared to the nonmalignant. 

A total of 425 protein spots were found to be common to both nonmalignant and 

malignant tissues, while 57 proteins were present in nonmalignant but markedly 

reduced or absent in malignant samples. The Phoretix™ software was used to 

determine the relative optical density of each protein. Normalisation was performed to 

account for slight differences in protein loading and the background was subtracted to 

assess relative differences in protein spot levels between the nonmalignant and 

malignant reference gels. Twenty seven of the 57 proteins were analysed further and 15 

of these 27 proteins were absent in malignant tissues compared to nonmalignant 

(Figure 5-6 and Table 5-5). The remaining 12 proteins displayed a reduced signal (that 

was decreased by 5 0 % or more in malignant as compared to nonmalignant specimens) 

(Figure 5-7). 
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Figure 5-4 Two-dimensional gel electrophoresis of nonmalignant and 
malignant prostate specimens. Proteins extracted from nonmalignant (A) and 
malignant (B) human prostate tissues were focused, electrophoresed in 1 6 % 
acrylamide gels and stained with colloidal Coomassie Blue. Twenty 
nonmalignant and 14 malignant samples were used to identify proteins with 
different levels between these two tissue types. 

Lane: 
M. Broad Range M W Markers 
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Figure 5-5 Production of nonmalignant and malignant reference maps using the 
PhoretixTM software. The normal reference map was generated using 20 gels 
loaded with equal concentrations of normal tissue and the malignant reference 
map was generated using 14 gels loaded with equal concentrations of malignant 
tissue. 
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Figure 5-6 Identification of proteins with altered tissue levels in nonmalignant 
and malignant prostate tissues. Proteins extracted from nonmalignant (A) and 
malignant (B) human prostate tissues were focused, electrophoresed in 16% 
acrylamide gels and stained with colloidal Coomassie Blue. Proteins with 
decreased or absent signal in malignant tissue compared to nonmalignant are 
circled and coded (A-Z, AA-BB) in the representative gels. 

Lane: 
M . Broad Range M W Markers 
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Table 5-5 Comparison of candidate proteins in nonmalignant and malignant 

prostate tissues 

Twenty seven proteins that were either decreased (n=12) or absent (n=15) in malignant 

tissues were selected by comparing nonmalignant and malignant reference gels. Average 

volume and average normalised volume were calculated by analysing data in the 

Phoretix software from 20 gels loaded with protein extracts from nonmalignant tissues 

and 14 gels loaded with protein extracts from malignant tissues. 

Spot 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

P 

Q 

R 

S 

T 

U 

V 

w 
X 

Y 

z 
AA 

BB 

NONMALIGNANT 

Average Average Normalised 

Volume Volume 

1,699.67 129.08 

405.13 30.78 

362.00 27.50 

315.51 23.97 

432.20 33.32 

452.20 34.32 

432.20 33.32 

420.36 28.67 

407.23 31.17 

407.23 31.17 

265.71 20.17 

407.23 31.17 

397.71 29.08 

362.00 27.50 

175.31 13.39 

407.23 31.17 

407.23 31.17 

490.29 37.56 

228.93 17.31 

420.36 28.67 

175.31 13.39 

420.36 28.67 

472.20 36.32 

463.42 35.90 

420.36 28.67 

407.23 31.17 

463.42 35.90 

MALIGNANT 

Average Average Normalised 

Volume Volume 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

227.50 15.28 

233.13 16.71 

233.13 14.57 

0.00 0.00 

0.00 0.00 

125.66 9.81 

0.00 0.00 

265.71 15.01 

0.00 0.00 

0.00 0.00 

0.00 0.00 

218.93 13.18 

190.20 14.43 

0.00 0.00 

122.49 6.30 

218.93 13.91 

0.00 0.00 

0.00 0.00 

233.13 17.71 

221.45 17.09 

0.00 0.00 

125.42 9.81 

0.00 0.00 

% Decrease in Malignant 

Tissue compared to Normal 

100 

100 

100 

100 

54.14 

51.3 

56.27 

100 

100 

68.5 

100 

51.84 

100 

100 

100 

57.71 

53.7 

100 

63.6 

51.48 

100 

100 

51.24 

52.4 

100 

68.53 

100 
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Figure 5-7 Comparison of normalised volumes of selected proteins with 

decreased levels in malignant as compared to nonmalignant tissues. Background 

subtraction and normalisation was performed using the Phoretix™ software. 

Twelve proteins with decreased levels in malignant tissue compared to 

nonmalignant were selected. All 12 proteins had signals that were decreased by 

at least 5 0 % in malignant tissues compared to the nonmalignant. 

Legend: 

Average normalised volume of protein in nonmalignant prostate tissue 

Average normalised volume of protein in malignant prostate tissue 
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5.2.5 Identification of Candidate Proteins using Peptide Mass Fingerprinting 

The proteins circled in Figure 5-6 were excised and sent to the Australian Proteomic 

Analysis Facility for peptide mass fingerprinting (section 3.6.2.1). P M F was the 

method of choice for initial identification due to its affordability and speed. Peptide 

masses generated were monoisotypic and polyacrylamide adducts on cysteine residues 

were considered. Although confident that the trypsin digestion was complete, duplicate 

searches were performed without and with 1 missed cleavage site. Using Peptident 

(section 3.6.3), 13 of the 27 proteins were conclusively identified using this approach 

(Table 5-6). The confidence of identification is indicated by the number of matching 

peptides and the percentage of total sequence covered by the matching peptides. A 

minimum of 5 matching peptides was used for protein searches in the SWISS-PROT 

and T r E M B L E databases (section 3.6.3). In most cases a large number of matching 

peptides were found. Although sequence coverage was usually around 5 0 % , high 

confidence in identification was evident due to the knowledge that in all cases 

identified using this technique, there was a significant difference in the number of 

matching peptides between the top and second ranked proteins. T w o proteins were 

unable to be identified using this approach and due to difficulties obtaining appropriate 

sample concentrations, were not examined further. 

P M F rarely finds matches for all peaks in a spectrum because some peptides (especially 

very hydrophobic and/or large peptides) are either not extracted or not quantitatively 

extracted from a gel or blot and others are not ionised efficiently during mass 

spectrometry. A limitation currently facing P M F is that small peptides (less than 1000 

Da) will not be included in the mass spectrum generated. To overcome this, the 

sequences of likely matches (based on other parameters) were examined for small 

peptides by performing a theoretical tryptic digestion on the known protein sequence 

and matching all peptides less than 1000 Da. 

5.2.6 Example of Identification of a Candidate Protein using P M F : Protein B B 

A list of peptide masses (Figure 5-8) and mass spectra (Figure 5-9) were generated for 

each protein sample analysed using P M F . Mass spectra were used to confirm the signal 

to noise ratio was low and therefore acceptable. The presence of more than 30 distinct 

peaks (Figure 5-9) is indicative of a good tryptic digestion. Peptide masses were 

entered into Peptident in addition to pi range, molecular weight range and the species 

specific for the protein sample analysed (ie human). From this, a list of potential 

proteins was generated. Extensive examination of every protein was required to 
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identify strong matches and eliminate weak matches (Figure 5-10). For example, the pi 

and molecular weights were compared to the observed data, missed cleavages and 

repeated sequences were considered and small peptides were calculated theoretically. 

Strong matches, such as calponin H I were accepted on the basis of extensive sequence 

coverage of a contiguous nature and clustering at the N-terminus in addition to closely 

matching pi and molecular weight compared to those observed in the original 

proteomics experiment. 

Table 5-6 Proteins Identified using Peptide Mass Fingerprinting 

Thirteen of the 27 selected proteins were conclusively identified using P M F . T w o 

proteins (D and N ) were unable to be identified using this approach and further 

examination was prevented by unavailability of tissue samples. Ten different proteins 

were identified and 3 were either fragments, precursors or post-translationally modified 

forms. 

Protein 

A 

B 

C 

D 

E 

G 

K 

L 

N 

T 

U 

Y 

Z 

AA 

BB 

Accession 

Number 

P01011 

P06468 

Q13642 

-

P07288 

Q01995 

Q15096 

P00738 

-

P14854 

P02023 

Q14481 

Q13642 

P51911 

P51911 

Full Name 

Chain 1 : Alpha-1-

Antichymotrypsin 

Tropomyosin muscle type T M 1 

Skeletal Muscle LIM-protein 1 

-

Chain 1 : Prostate Specific 

Antigen 

Smooth Muscle Protein 22-

Alpha 

Prostate Specific Antigen 

(Precursor) 

Chain 1 : Haptoglobin-2 Alpha-1 

Chain 

-

Cytochrome C Oxidase 

Polypeptide VIB 

Haemoglobin Beta Chain 

Beta-Globin 

Skeletal Muscle LIM-protein 1 

Calponin HI, Smooth Muscle 

Calponin HI, Smooth Muscle 

Observed 

pI/MW 

4.0/97 

7.9/45 

8.6/37 

8.9/38 

7.0/34 

8.3/32 

6.2/29 

6.5/29 

5.2/25 

7.0/10 

7.3/14 

7.9/15 

8.4/6 

8.6/16 

9.3/17 

Theoretical 

pI/MW 

5.5/50 

8.8/22.5 

8.7/32 

-

7.6/28.7 

8.8/22.5 

7.26/26 

6.13/45 

-

6.79/10 

6.81/16 

6.7/16 

8.72/32 

9.14/33 

9.14/33 

Matching 

Peptides 

16 

15 

15 

-

6 

11 

8 

5 

-

6 

8 

6 

10 

10 

12 

% Sequence 

Covered 

44.2 

87.9 

55.7 

-

42.2 

41.5 

58.9 

67.6 

-

81.1 

74.0 

83.1 

35.9 

53.9 

40.8 
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Figure 5-8 Peptide masses (m/z) of protein B B generated by peptide mass 
finger printing. 
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Figure 5-10 Identification of protein BB. Peptide masses (shown in Figure 5-
8) were entered into Peptident in addition to pi range, molecular weight range 
and species for protein BB. From this data, a list of potential proteins was 
generated. Extensive examination of these proteins was required to identify 
strong matches. A. Protein number 156 was conclusively identified (with 
over 7 0 % sequence coverage) as calponin HI, smooth muscle (accession 
number P51911) when missed cleavage sites and small peptides were 
considered. B. This is an example of a poor match based on poor sequence 
coverage, unexplainable scattered peptide matches and poorly matching pi 
and molecular weight in comparison to observed data. 
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5.2.7 Identification of Candidate Proteins using N-terminal Sequencing 

Where an identification could not be made using P M F , Edman degradative N-terminal 

sequencing was performed (section 3.6.2.2). Ten of the 27 proteins were identified 

using N-terminal sequencing data (Table 5-7 and section 3.6.3). Considering the 

criteria for the Tagident database, 6 amino acids were sequenced initially and a 

conclusive match was identified in 2 of the 10 proteins. For the remaining 8 proteins, 

determination of extra residues was required until a single match was conclusively 

identified (Table 5-7). For proteins with more than 6 residues sequenced, the basic local 

alignment search tool for proteins (BLASTP) (http://www.ncbi.nlm.nih.gov/BLAST/) 

was used. This is a tool (also from the program ExPASy) that compares an amino acid 

query sequence against a protein sequence database. The P A M (percent accepted 

mutation) 30 amino acid substitution matrix was applied during the B L A S T P searches 

to take into account molecular evolution and mutations. To accommodate the small size 

of the peptides sequenced, the E (expected) value was increased to 10000 and the word 

size (which is the length of sequence segments from the query sequence that B L A S T P 

uses to scan the database for initial hits) was decreased by a factor of 1. In addition to a 

large difference between the scores and E values of the top and second ranked proteins, 

the scores and E values themselves provided high confidence of correct identification 

(considering the short length of the peptides sequenced). T w o proteins (F and I; Table 

5-7) were N-terminally blocked and were unable to be identified. These proteins were 

omitted from further investigations. 

http://www.ncbi.nlm.nih.gov/BLAST/
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Table 5-7 Proteins Identified using N-terminal Sequencing 

Ten of the 27 selected proteins were conclusively identified using N-terminal 

sequencing. Nine different proteins were identified and one was possibly a fragment 

(R). T w o proteins (F and I) were N-terminally blocked. As proteins W and X were 

identified using Tagldent, no score or E value were generated. 

Protein 

F 

H 

I 

J 

M 

P 

Q 

R 

S 

V 

w 

X 

Accession 

Number 

-

Q05682 

-

P06870 

P20151 

060439 

P07288 

P07288 

Q04760 

P08118 

Q15843 

Q12841 

Full Name 

-

Caldesmon 

-

Glandular Kallikrein 1 

Precursor 

Glandular Kallikrein 2 

Precursor 

Alpha-Actinin-2 

Associated L I M Protein 

Prostate Specific Antigen 

Precursor 

Prostate Specific Antigen 

Precursor 

Lactoylglutathione Lyase 

Prostate Secreted Seminal 

Plasma Protein 

Ubiquitin-Like Protein 

N E D D 8 

Follistatin-Related Protein 

Precursor 

Observed 

plTMW 

8.5/32 

8.7/34 

5.0/29 

5.4/29 

7.8/28 

7.3/25 

7.8/26 

8.6/24 

4.8/18 

7.0/18 

7.7/6 

7.9/20 

Theoretical 

pI/MW 

-

5.6/93 

-

4.6/29 

6.44/29 

6.82/39 

7.26/26 

7.26/26 

5.25/21 

5.36/13 

7.99/9 

5.15/33 

# Residues 

Sequenced 

-

12 

-

8 

8 

8 

8 

8 

10 

8 

6 

6 

Score 

(bits) 

-

38 

-

27 

31 

28 

27 

28 

35 

32 

-

-

E value 

-

2c04 

-

0.093 

0.037 

0.029 

0.023 

0.029 

3e-04 

0.027 

-

-
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5.3 D I S C U S S I O N 

Proteomics was used to identify proteins that demonstrated differences in levels between 

nonmalignant and malignant human prostate tissues. Of the 27 proteins selected, 13 were 

identified using P M F and 10 were identified using N-terminal sequencing. Four proteins 

were not identified due to insufficient sample availability and N-terminal blocking. 

Tissue specimens were selected on the basis of their histology. Nonmalignant tissues 

contained mostly stromal and glandular material and some endothelial and inflammatory 

cells. In contrast, malignant tissues contained irregularly shaped glands and small amounts 

of peritumoral stromal tissue. Again, endothelial and inflammatory cells were detected. 

Although tissues were specifically selected and macroscopically dissected to procure 

specimens as homogeneous as possible, it is likely that specimens would have contained 

variable proportions of epithelial and nonepithelial cells. Once proteins were resolved, 

reference maps were generated and used to overcome this inherent variation within 

samples. Despite this, stromal cells were present in the specimens which potentially led to 

the identification of muscle proteins in nonmalignant tissues. 

Two-dimensional reference maps of tissues or organisms are a central tool for organizing 

and understanding proteomic data and with their use, patient to patient and gel to gel 

variability were minimised (Dunn & Corbett, 1996). Twenty gels loaded with protein 

extracts from nonmalignant tissues were used to create the nonmalignant reference map 

and 14 gels loaded with protein extracts from malignant tissues were used to create the 

malignant reference map. Overall, most 2 D polyacrylamide gels examined were 

reproducible and all exceptions were excluded from further analysis. Four hundred and 

eighty two proteins were detected in the nonmalignant reference map and 439 proteins 

were detected in the malignant reference map. Most studies do not publish the number of 

proteins detected on reference maps nor the number of gels used to create reference maps 

(Alaiya et al, 1999; Alaiya et al, 2001; Langen et al, 1999). However, the Australian 

Proteomic Analysis Facility suggest that between 400-500 proteins should be detected on 

mini format 2 D polyacrylamide gels and recommend the use of at least 5 well resolved 

gels from each different tissue type or pathological state to create a reference map 

necessary for reliable analysis. 

Using broad parameters in the differential analysis tool of the Phoretix™ software, 57 

proteins were selected that were either absent or decreased in malignant tissues compared 
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to nonmalignant. In addition, 49 proteins were selected that were increased in malignant 

tissues compared to nonmalignant tissues with 28 of these 49 proteins undetectable in 

nonmalignant tissues but present in malignant tissues. 

Based on previous 2 D G E analysis and prostate research, a range of proteins were expected 

to be identified including receptor associated (HSP90 and 70), structural (tropomyosins, 

desmin and actin), cytoskeletal (cytoskeletal keratins) and secretory (PSA, PAP, PSP94) 

proteins (Alaiya et al, 2000a; Alaiya et al, 2000b; Alaiya et al, 2001; Jain, 2000; Nelson 

et al, 2000; Unwin et al, 1999). In theory, the sequential extraction protocol should 

solubilise hydrophilic and hydrophobic proteins (including membrane proteins) (Facility, 

1999). However, due to time and financial constraints, only gels containing proteins 

solubilised from the first phase of the extraction protocol were examined. Therefore, 

hydrophobic or membrane proteins were unlikely to be identified in this study. As 

expected, a number of muscle (tropomyosin-1, actin, caldesmon and skeletal muscle-LIM 

protein) and secretory (PSA, PSP94) proteins were identified in addition to proteins 

previously detected in human prostate tissues (cytochrome C, glyoxalase I and 

haptoglobin) (Alaiya et al, 2000a; Alaiya et al, 2000b; Alaiya et al, 2001; Emmert-Buck 

et al, 2000; Nelson et al, 2000; Wright et al, 2000). Proteins not detected previously in 

human prostate tissues were identified in this study and were shown to be N E D D 8 , 

calponin HI and follistatin-related protein (FRP). 

Traditionally, protein identification in two-dimensional gels has been difficult. The 

amounts of proteins present in two-dimensional gels have been limiting, and protein 

databases contained information for only a small proportion of proteins for any organism 

(Anderson & Anderson, 1996; Dunn & Corbett, 1996). Nevertheless, protein identification 

has been achieved using methods such as immunoblorting, amino-terminal and internal 

peptide sequence analysis, co-migration of unknown proteins with known proteins, or 

overexpression of homologous genes (Allen et al, 1993; Lilja et al, 1989; Shishido et al, 

2000; Takeuchi et al, 1991). With improvements in 2 D G E technology, mass spectrometry, 

N-terminal sequencing and protein databases, protein identification from two-dimensional 

gels has become reproducible and reliable. 

One of the fundamental problems of database searching is h ow to determine the confidence 

level of a search result. This was resolved by including additional parameters during the 

search such as a molecular weight and pi estimate, limiting the number of mismatches 
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allowed and using a scoring system weighted according to the frequency of occurrence of a 

mass in the protein of a given mass range (Quadroni & James, 1999). Care is required 

when interpreting peptide mass data, because the peptide masses obtained from a particular 

digest may not always match the highest ranked protein identified from the database search 

(Henzel et al, 1993; Shevchenko et al, 2000; Tsugita & Kawakami, 1999). This may be 

explained by post-translational modifications of proteins, proteolysis, insufficient 

resolution of proteins in the gel resulting in generation of peptides from a mixture of 

proteins, or an incorrect match. If necessary, to avoid incorrect identification using P M F 

data, a number of additional strategies could have been used. These include digestion of a 

portion of the sample with a second protease or chemical modification of the sample by 

methyl esterification or iodination (as chemically modified peptide masses can be 

compared with predicted masses) (Shevchenko et al, 2000; Tsugita & Kawakami, 1999). 

However, additional methods to facilitate protein identification were not necessary in this 

study. 

Proteins were identified with a high degree of certainty despite differences in experimental 

and theoretical pi and molecular sizes in several cases. These differences may have been 

due to post-translational modifications, identification of protein fragments or protein 

complexes which were not further investigated in this study. Even though different pi and 

molecular sizes were observed on the two-dimensional gels, in three separate cases (PSA, 

skeletal muscle LIM-protein 1 and calponin), the same protein was identified more than 

once using different sequences. This may be explained by identification of different protein 

fragments or identification of proteins that have been modified by different post-

translational modifications. 

Having conclusively identified 23 proteins, 7 candidate proteins including PSA, A C T , 

N E D D 8 , calponin, TM-1, PSP94 and glyoxalase 1, were analysed further. Due to 

procurement of small specimens, fresh prostate tissues (processed according to section 

3.1.3.3) were used to verify protein levels in nonmalignant and malignant prostate tissues 

and also to identify different protein forms using conventional one- and two-dimensional 

western blotting. In addition, the tissue distribution and expression in epithelial and 

stromal components in human prostate tissue were examined using immunohistochemistry. 



CHAPTER 6 
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6.0 PSA and ACT 

6.1 INTRODUCTION 

6.1.1 PSA 

6.1.1.1 Protein Properties 

PSA, which forms complexes with alpha- 1-antichymotrypsin (ACT) (section 6.1.2), is a 

single chain 34 k D glycoprotein that is present in high concentrations in seminal fluid 

(Nadji et al, 1981; Sensabaugh, 1978; W a n g et al, 1979). Although P S A was initially 

described as a protein believed to originate solely from the prostatic epithelium (both 

normal and malignant), this protein has been detected at low concentrations in the 

endometrium (Clements & Mukhtar, 1994), normal breast tissue (Yu & Diamandis, 

1995a), breast tumours (Yu et al, 1994), breast milk (Yu & Diamandis, 1995b), female 

serum (Yu & Diamandis, 1995a), adrenal neoplasms and renal cell carcinomas (Levesque 

et al, 1995). P S A is an extracellular serine protease (Watt et al, 1986) with a primary 

structure similar to that of the glandular kallikreins (Lundwall & Lilja, 1987; Watt et al, 

1986). Kallikreins are crucial for the processing of various polypeptide precursors to their 

bioactive forms. Unlike these trypsin-like proteases, the enzyme activity of P S A is 

chymotrypsin like (i.e. it slowly hydrolyses peptide bonds adjacent to target tyrosine and 

leucine residues) (Christensson et al, 1990; Lilja et al, 1989). 

PSA isolated from seminal fluid and tissues is heterogeneous, although varying numbers of 

PSA isoenzymes (2-6) can be separated by IEF. T w o intact isoenzymes typically have 

isoelectric points of 6.8 and 7.3, whereas the nicked isoenzymes tend to be slightly more 

acidic (Jung et al, 2000). Molecular cloning has revealed that the rnRNA of P S A encodes 

a 261 amino acid preproprotein (34 kD), in which a hydrophilic signal sequence of 17 

amino acids (prepro region) and a propeptide of 7 amino acids precede the mature protein 

of 237 amino acids (29 kD) (Kumar et al, 1997). Mature P S A contains a single 

asparagine-linked carbohydrate side chain (Lundwall & Lilja, 1987; Schaller et al, 1987). 

PSA is normally secreted into prostatic glandular lumena where it is present at 

concentrations that are one-million fold those in plasma (Jung et al, 2000). It has been 
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suggested that P S A reaches the circulation from normal and hyperplastic tissues by leaking 

backwards into the extracellular fluid and diffusing into the circulation (Jung et al, 2000). 

However, in prostate cancer the architecture and polarisation of the epithelial cells are 

disrupted causing loss of normal secretory pathways into the prostatic ducts. Therefore 

P S A may be actively secreted into the extracellular space and into the circulation. This 

most likely explains why the contribution of cancerous tissue to the serum concentrations 

of P S A is higher than that of normal and hyperplastic tissues (Stamey et al, 1987). 

6.1.1.2 Function 

Despite extensive research on PSA, very few reports have addressed the issue of the 

physiological function of this protein in the prostate. P S A is most likely secreted as a pro

enzyme, which is activated by digestion of the activation peptide. Mature P S A mixes with 

secretions of other male sex accessory glands during ejaculation as a part of the seminal 

plasma (Lee et al, 1986; Rui et al, 1984) and is present at very high concentrations in 

both prostatic fluid and seminal plasma (Espana et al, 1996; Lilja & Abrahamsson, 1988; 

W a n g etal, 1981). 

Currently, the most widely accepted physiological function of PSA relates to its ability to 

liquefy the seminal clot after ejaculation by digesting seminogelins and fibronectin present 

in seminal plasma (Lilja et al, 1987). The physiological consequences of the cleavage of 

seminogelins are not known, although it has been shown that this process does increase 

sperm cell motility. Other research has shown that P S A causes the release of a kinin-like 

substance that stimulates smooth muscle contraction by digesting a glycoprotein present in 

seminal vesicle fluid (Fichtner et al, 1996). 

PSA expression in malignant prostatic tissues is generally reduced in comparison with 

healthy or benign hyperplastic tissues (Magklara et al, 2000; Pretlow et al, 1991). It was 

shown recently that patients with low tissue P S A concentrations had more rapidly 

progressing disease and died more frequently from prostate cancer than patients who had 

relatively high tissue P S A concentrations (Stege et al, 2000). These findings suggest that 

P S A expression may be beneficial to the normal prostate, and its down-regulation may 

predispose to cancer or may be associated with more aggressive disease. It has thus been 

suggested that efforts to produce cancer vaccines or other therapies targeting P S A 
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expression may be the wrong strategy and that treatment approaches to treat prostate, and 

possibly breast, cancer should be directed toward over expression of P S A at the tissue 

(tumour) level (Fortier et al, 1999; Heidtmann et al, 1999). 

It has also been hypothesised that like other proteases, PSA may facilitate prostate cancer 

cell invasion and metastasis (Webber et al, 1995). These authors suggested that targeting 

of such activity may be a strategy for prevention or early intervention in prostate cancer 

patients. Others have suggested that P S A may activate latent transforming growth factor-6 

(Killian et al, 1993) and cleave insulin-like growth factor 1 (IGF-1) from its binding 

protein, IGF-binding protein 3, resulting in increased availability of IGF-1 (Cohen et al, 

1992). IGF-1 is a known mitogen of many cell types and a risk factor for prostate 

carcinoma development (Pollak et al, 1998). This suggests that, albeit indirectly, activated 

P S A enzymatic activity may promote proliferation, migration and metastasis of prostate 

cancer cells (Kumar et al, 1997). 

6.1.1.3 PSA Activity 

W h e n reaching the circulation, enzymatically active P S A is inactivated by forming 

complexes with endogenous protease inhibitors, primarily alpha-2-macroglobulin (A2M) 

and A C T . Typically 80-95% of immunoreactive P S A in the serum of patients with prostate 

cancer is detected in complexes with A C T with the remaining 5-20% as uncomplexed or 

free PSA. In contrast, 70-80% of P S A in the serum of healthy patients is free/uncomplexed 

with the remaining 20-30% detected in complexes with A C T (Catalona et al, 1998; Peter 

et al, 2000). The P S A - A C T complex has an apparent molecular weight 80-90 kD 

(Christensson et al, 1993; Christensson et al, 1990). Recently, the measurement of both 

free and free to total P S A ratio in the serum has become important in better distinguishing 

prostate cancer from B P H (Meyer et al, 1997; Mikolajczyk et al, 1997). 

Enzymatically inactive (internally clipped) free PSA is incapable of forming complexes 

with protease inhibitors and therefore circulates in an uncomplexed form in the blood 

(McCormack et al, 1995). Inactivation most probably occurs before release into the 

bloodstream since the large excess of protease inhibitors in blood would have likely 

trapped any active P S A (McCormack et al, 1995). However, reasons for the perseverance 

of uncomplexed P S A in the presence of a large excess of serum protease inhibitors are 
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unknown. Recent studies have shown that B P H nodules in the prostate contain elevated 

levels of clipped P S A compared to seminal fluid PSA, which could account for the 

elevated ratio of free P S A in the serum of patients with B P H (Chen et al, 1997). One 

assumption is that clipped forms of P S A may also predominate in the serum of patients 

with prostate cancer explaining the reduced ratio of free to total P S A in patients with 

prostate cancer. 

A second theory is that a change in glycation of PSA forms occurs in the presence of 

prostate carcinoma and this change may be the reason for the aberrant complex formation 

of P S A with various protease inhibitors (Meyer et al, 1997). Finally, it also has been 

suggested that malignant epithelial cells produce more A C T than normal epithelial cells, 

leading to an increased proportion of cellular P S A that is bound to A C T in cells. Although 

it has been shown that prostate cells produce A C T , the site at which the PSA/ACT 

complex forms remains unknown (Ornstein et al, 2000a). 

Each PSA molecule contains 5 immunoreactive epitopes (Wang et al, 1996). Commercial 

PSA assays detect total PSA, complexed P S A - A C T and free P S A due to differences in 

antibody binding (McCormack et al, 1995; W a n g et al, 1996). Due to its large size, A 2 M 

completely encapsulates the P S A molecule and blocks the epitope sites (Vessella & Lange, 

1997). Thus, recent immunoassays have had more difficulty detecting the P S A - A 2 M 

complex due to this lack of immunoreactivity. Assays that detect free P S A in the serum 

measure the enzymatically inactive form which typically represents less than 3 0 % of total 

measured P S A (McCormack et al, 1995). 

The most effective method to monitor disease recurrence postoperatively is serial PSA 

determinations. After radical prostatectomy the majority of men have a rapid decline in 

serum P S A to undetectable levels. As a corollary, the failure of P S A to become 

undetectable following radical prostatectomy is highly suggestive of persistent disease. 

PSA elevations following the attainment of undetectable levels postoperatively provide an 

early warning sign of disease progression (Montironi et al, 2000). 
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6.1.1.4 Molecular Forms of P S A in Prostate Tissues 

It has been shown that serum P S A is present in higher concentrations in patients with 

prostate cancer compared to those with B P H (Culkin et al, 1995). In contrast, malignant 

prostate tissues produce less P S A and P S A m R N A than normal prostate cells and B P H 

(Papsidero et al, 1981; Qiu et al, 1990; W a n g et al, 1979). Although the biological 

reason for the differences in percent free P S A levels among men with and without prostate 

cancer is not known, it has been suggested that malignant epithelial cells produce more 

A C T than benign epithelial cells, leading to an increased portion of cellular P S A that is 

bound to A C T in cells (Ornstein et al, 2000b). However, recent work has confirmed that 

the amounts of total P S A and the P S A isoforms in prostatic tissues have no correlation 

with the concentrations of total P S A and P S A isoforms in serum nor the ratio of free to 

total P S A in patients with B P H and prostate cancer (Jung et al, 2000). 

Until recently, very little research had been performed to elucidate the form/s in which 

intracellular P S A exists. A recent study using laser capture microdissection demonstrated 

that the majority of intracellular P S A was present in the free form in both nonmalignant 

and malignant human prostate tissues (Ornstein et al, 2000b). Furthermore, as this 

approach captured proteins from the intracellular and pericellular space, it was suggested 

that P S A may bind to A C T either within the extracellular space or in the serum. In 

addition, a study using high performance hydrophobic interaction chromatography (HIC-

H P L C ) reported the presence of truncated forms of the P S A precursor protein in the 

peripheral zone of both nonmalignant and malignant human prostate specimens 

(Mikolajczyk et al, 2000). In contrast, truncated forms of the P S A precursor protein were 

undetectable in the transition zone of both nonmalignant and malignant tissues. Further 

identification of the different forms of P S A present in nonmalignant and malignant tissues 

will help to determine whether P S A complexes with A C T in the prostate. 

6.1.2 ACT 

6.1.2.1 Protein Properties 

Human A C T was first described by Heimburger and Haupt in 1965 (Heimburger & Haupt, 

1965). It is a single glycopeptide chain synthesised primarily by the liver but also by the 

secretory epithelial cells in the prostate (Berninger, 1985; Bjartell et al, 1993). A C T is a 

plasma protease inhibitor and belongs to the superfamily of serpins (serine protease 
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inhibitors), a group of proteins that are similar to each other in amino acid sequence 

(Chandra et al, 1983; Hunt & Dayhoff, 1980). The molecular weight of the native protein 

is between 48 k D and 68 k D with differences attributable to the various methodologies 

used to determine the molecular weight and also the high carbohydrate content (about 

26%) of this glycoprotein (Laine & Hayem, 1981). Furthermore, slight variation in the pi 

of A C T has been reported although this is also most likely due to varying degrees of 

sialation (Laine etal, 1989). 

The cDNA of ACT encodes a precursor protein of 433 amino acid residues, which has a 

mass of about 48 k D (Hill et al, 1984; Rubin et al, 1990). This includes a hydrophilic 

signal peptide and the polypeptide chain of the mature anti-protease (Chandra et al, 1983). 

The primary structure of A C T contains 5 potential binding sites for Asn-linked 

oligosaccharide attachments (Chandra et al, 1983). A C T is structurally related to alpha-1-

antitrypsin (Morii & Travis, 1983a; Morii & Travis, 1983b), which is a specific inhibitor of 

neutrophil elastase and protects the lung elastin fibers from degradation (Beminger, 1985; 

Olsenetal, 1975). 

6.1.2.2 Function 

A C T appears to be a specific inhibitor of chymotrypsin-like enzymes and is an acute phase 

protein whose plasma concentration increases rapidly (within 8 hours) after various events 

including tissue damage or surgery. Elevated plasma A C T levels are also detected in 

association with pathological conditions such as ulcerative colitis and some types of cancer 

(Aronsen et al, 1972; Kelly et al, 1978; Weeke & Jarnum, 1971). Although the 

physiological function of A C T is largely unknown (Berninger, 1985), these characteristics 

suggest a primary role for the inhibitor in the regulation of specific chymotrypsin like 

enzymes, particularly those released during an inflammatory episode (Travis et al, 1978b). 

Human ACT is a specific inhibitor of neutrophil cathepsin G (Boudier et al, 1984), mast 

cell chymase (Travis et al, 1978a) and pancreatic chymotrypsin (Travis et al, 1978a) and 

forms stable complexes with bovine and human chymotrypsin (Beatty et al, 1980; Travis 

et al, 1978a; Travis et al, 1978b) and dog and human mast cell chymases (Travis et al, 

1978a). In vitro, both neutrophil cathepsin G and mast cell chymase are capable of 

converting angiotensin I to the biologically active vasoconstrictor angiotensin II (Reilly et 



103 

al, 1982; Tonnesen et al, 1982). Furthermore, cathepsin G has been shown to degrade 

proteoglycans (Roughley & Barrett, 1977) and fibronectin (Vartio et al, 1981). As such, 

the in vivo function of A C T may involve control of connective tissue breakdown and cell-

cell interactions, although a more likely role may be in the regulation of angiotensin II 

production (Gaffar et al, 1980). 

ACT has been found to bind DNA (Katsunuma et al, 1980), indicating a potential role in 

controlling the chymotrypsin-like enzyme found in chromatin. Another role for this 

protease inhibitor has been suggested by a study using natural killer cells. W h e n incubated 

with A C T , cells lost both their killing activity and the antibody dependent cytotoxic 

activity (Hudig et al, 1981). A C T appears to be a component of the amyloid deposit in 

Alzheimer's plaques (Abraham et al, 1988) and is present in various carcinomas (Tahara 

et al, 1984) and in some tissues of the reproductive system (Casslen & Ohlsson, 1981; 

Schill, 1976), however its function at these sites has not been elucidated. 
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6.2.1 Prostate Specific Antigen 

The differential expression and protein profile of P S A in nonmalignant and malignant prostate 

tissues was examined by one-dimensional western blotting (section 3.7) in proteins extracted 

from 11 nonmalignant and 8 malignant human prostate samples (section 3.1.3.3). P S A was 

detected in all prostate specimens. In all nonmalignant prostate tissues examined, three 

proteins of molecular sizes -34 kD, -30 k D and ~28 k D were detected whereas only one 

protein (-34 kD) was detected in malignant samples (Figure 6-1 A) . 

In order to compare prostate and serum P S A proteins, serum from 2 patients with prostate 

cancer were also examined by western blotting (section 3.7) using the P S A antibody. Proteins 

extracted from 8 malignant prostate samples and serum samples diluted 1:20 (section 3.1.3.3 

and 3.1.1) were immunostained using an anti-PSA antibody (section 3.7.3). A single 34 k D 

PSA protein was detected in the malignant prostate tissues. However, no signal was detected 

in the serum from patients with prostate cancer, despite serum P S A levels (detected 

biochemically) exhibiting values of 107 ng/mL and 428 ng/mL (Figure 6-IB). 

Two-dimensional electrophoresis and western blotting for P S A were performed for further 

resolution of P S A protein forms present in prostate tissues. Proteins were extracted from 

nonmalignant and malignant human prostate tissues (section 3.1.3.3), focused (section 3.4.1) 

and electrophoresed (section 3.4.3). Following western blotting (section 3.7.1), 

immunostaining was performed using an anti-PSA antibody. In agreement with the ID 

western blotting (Figure 6-1 A ) , three protein forms with molecular weights of 34 kD, 30 kD 

and 27 k D were detected in all nonmalignant tissues (Figure 6-2). The pi of each of these 

protein forms differed with the 34 k D form exhibiting a pi of 7.0 and the 30 k D and 27 k D 

forms exhibiting pi's of 6.5 and 5.0, respectively (Figure 6-2). P S A immunoreactivity was 

only detected at 34 k D and 32 k D in the remaining three samples (results not shown). 

In comparison, two forms of P S A at 34 kD/pI 7.2 and 28 kD/pI 6.5 were detected in 7 of the 8 

malignant prostate samples (Figure 6-2). P S A immunoreactivity was only detected at 34 

kD/pI 7.2 in the remaining sample (results not shown). The 34 k D and 30 k D P S A proteins 

were approximately twice as intense in nonmalignant tissues compared to malignant whereas 

the 27 k D P S A protein was not detected in malignant tissues (Figure 6-2). All three proteins 

were identified as either decreased or absent in malignant tissues compared to nonmalignant 

in the original proteomics analysis. 
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Figure 6-1 ID western blots of prostate tissues and serum immunostained for 

PSA. Proteins were electrophoresed in (A) 1 6 % or (B) 1 2 % polyacrylamide 

gels, transferred and membranes were immunostained with a PSA antibody. 

B 

Lane: 
1. Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 1 
2. Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 2 
3. Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 3 
4. Blank 
5. Blank 
6. Extract 1 (section 3.1.3.3) from malignant prostate sample 1 
7. Extract 1 (section 3.1.3.3) from malignant prostate sample 2 
8. Extract 1 (section 3.1.3.3) from malignant prostate sample 3 

Lane: 
1. Biotinylated M W Markers 
2. Serum from a patient with prostate cancer (sample 1) 
3. Serum from a patient with prostate cancer (sample 2) 
4. Extract 1 (section 3.1.3.3) from malignant prostate sample 1 
5. Extract 1 (section 3.1.3.3) from malignant prostate sample 2 
6. Extract 1 (section 3.1.3.3) from malignant prostate sample 3 
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Figure 6-2 2 D western blots of nonmalignant and malignant prostate 
tissues immunostained for PSA. Proteins extracted from nonmalignant 
(A) and malignant (B) human prostate tissues were focused and 
electrophoresed in 1 6 % polyacrylamide gels. Following western 
blotting, membranes were immunostained with a P S A antibody. 
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6.2.2 A C T 

The differential expression and protein profile of A C T in human prostate tissues was initially 

examined by ID western blotting of proteins extracted from nonmalignant human prostate 

specimens (section 3.1.3.3). T w o proteins with approximate molecular sizes of 90 - 116 k D 

and 50 k D were visualised (Figure 6-3A). A smear ranging from 116-90 k D was detected 

which is consistent with the appearance of a glycoprotein. A C T has a theoretical molecular 

weight of 50 k D (Table 5-6) correlating with the 50 k D protein detected in Figure 6-3. The 

protein profiles of A C T in nonmalignant and malignant prostate tissues were compared and 

A C T (50 kD) was detected in both nonmalignant and malignant samples whereas the 116-90 

kD protein was unique to nonmalignant samples (Figure 6-3B). 

Two-dimensional electrophoresis and western blotting for ACT was performed for further 

resolution of A C T glycoprotein forms present in prostate tissues. Proteins extracted from 

nonmalignant human prostate tissues (section 3.1.3.3) were focused (section 3.4.1) and 

electrophoresed (section 3.4.3). Following western blotting (section 3.7.1), immunostaining 

was performed using an anti-ACT antibody. In nonmalignant specimens, two proteins were 

detected with approximate molecular sizes of 100 k D and 50 k D and pi's of 4 and 3 

respectively (Figure 6-4). In comparison, a single form of A C T at 50 kD/pI 3 was detected in 

all malignant prostate specimens with a reduced level compared to nonmalignant tissues 

(Figure 6-4). The 100 k D A C T protein was the protein identified in the original proteomics 

analysis (Chapter 5) and was undetectable in malignant tissues compared to nonmalignant. 
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Figure 6-3 ID western blots of nonmalignant and malignant prostate tissues 

immunostained for ACT. Proteins were electrophoresed in 1 0 % 

polyacrylamide gels, transferred to Hybond-C membranes and immunostained 
with A C T antibodies. 

B 

Lane: 
1. 
2. 
3. 

Lane: 
1. 
2. 
3. 
4. 
5. 
6. 

Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 1 
Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 2 
Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 3 

Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 1 
Extract 1 (section 3.1.3.3) from malignant prostate sample 1 
Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 2 
Extract 1 (section 3.1.3.3) from malignant prostate sample 2 
Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 3 
Extract 1 (section 3.1.3.3) from malignant prostate sample 3 
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Figure 6-4 2D western blots of nonmalignant and malignant prostate 
tissues immunostained for ACT. Proteins extracted from nonmalignant 
(A) and malignant (B) human prostate tissues were focused and 
electrophoresed in 16% polyacrylamide gels. Following western 
blotting, membranes were immunostained with ACT antibodies. 
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6.2.3 P S A - A C T Complex 

To determine whether the 100 kD/pI 4 protein detected in 2D western blots (section 6.2.2) 

represented A C T complexed to PSA, various forms of P S A purified from seminal ejaculates 

(gift from Professor John McNeal, University of Stanford, U S A ) were analysed by western 

blotting using anti-PSA and anti-ACT antibodies. In lanes loaded with complexed PSA, no 

signal was detected using anti-PSA or anti-ACT (Figure 6-5). In lanes loaded with free PSA, 

weakly staining free P S A (34 kD) was detected using the anti-PSA antibody and no signal 

was detected using anti-ACT. In lanes loaded with nonmalignant prostate tissue, free PSA (34 

kD) was detected using the P S A antibody and three proteins were detected using the anti-

A C T antibody (-100 kD, -50 k D and -45 kD). 

Two-dimensional electrophoresis and western blotting for the PSA-ACT complex were 

performed to confirm that the antibodies used were capable of detecting both free P S A and 

the PSA-ACT complex. Free and complexed P S A samples were focused on 7cm non-linear pi 

3-10 IPG strips (section 3.4.1) and electrophoresed (section 3.4.3). Following western transfer 

(section 3.7.1), immunostaining was performed using the anti-ACT and anti-PSA antibodies. 

No signal was detected in both the free and complexed P S A samples using the A C T antibody 

(results not shown). In addition, no signal was detected in the complexed P S A sample using 

the PSA antibody (results not shown). However, free P S A (34 kD) was detected in the free 

PSA sample using the P S A antibody (not shown). Considering the samples electrophoresed, 

one would have expected to detect the 100 k D PS A - A C T complex using anti-PSA and/or 

anti-ACT. 

Proteins extracted from nonmalignant and malignant human prostate glands (section 3.1.3.3) 

were further analysed by western blotting using an antibody that recognises both free PSA 

and the PSA/ACT complex. A 34 k D protein corresponding to the molecular size of free PSA 

was detected in both nonmalignant and malignant prostate samples (Figure 6-6). To confirm 

the presence of epithelial cells in each extract, a cocktail of anti-cytokeratin antibodies 

(8/10/18/AE1/AE3) was used to stain nonmalignant and malignant tissue extracts. Similar 

protein profiles composed of seven immunoreactive bands were visualised with molecular 

sizes of 200 kD, 97 kD, 58 kD, 55 kD, 50 kD, 40 k D and 38 k D (Figure 6-6). 

To confirm that the PSA/ACT antibody was capable of detecting PSA/ACT, serum from a 

patient with prostate cancer was used as a positive control in a further western blot. As 
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expected, free P S A (34 kD) was detected in both the nonmalignant and malignant prostate 

tissue samples and also in the serum from the patient with prostate cancer (Figure 6-7). A 

slightly weaker signal was detected in the malignant tissue sample compared to the 

nonmalignant (although, as expected, both tissue samples exhibited markedly weaker signals 

for the free P S A protein when compared to the serum sample). The P S A - A C T complex (100 

kD) was detected in the serum from the patient with prostate cancer confirming that the PSA-

A C T antibody is capable of detecting the complex (Figure 6-7). This result indicated that 

A C T is not complexed with P S A in nonmalignant or malignant prostate tissues. 
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Figure 6-5 ID western blot of nonmalignant prostate tissues, free P S A and 
complexed P S A immunostained for P S A and A C T . Proteins were 

electrophoresed in 1 2 % polyacrylamide gels, transferred to Hybond-C 

membranes and immunostained in the Hoeffer Mini-Decaprobe using anti-PSA, 

anti-ACT and anti-PSA/ACT antibodies. The negative B S A control was 

immunostained with all three antibodies. 

Lane: 
1. Biotinylated M W Markers 
2. Kaleidoscope M W Markers 
3. PSA complexed with A C T immunostained with PSA 
4. PSA complexed with A C T immunostained with A C T 
5. Free PSA immunostained with PSA 
6. Free PSA immunostained with A C T 
7. Extract 1 from nonmalignant prostate tissue (section 3.1.3.3) immunostained 

with PSA 
8. Extract 1 from nonmalignant prostate tissue (section 3.1.3.3) immunostained 

with A C T 
9. Negative BSA control 
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Figure 6-6 I D western blot of nonmalignant and malignant prostate tissues 

immunostained for P S A and a series of cytokeratin proteins. Proteins were 

electrophoresed in 1 0 % polyacrylamide gels, transferred to Hybond-C membranes 

and immunostained with anti-PSA/ACT and a cocktail of anti-cytokeratin antibodies. 

Lane: 

1. Biotinylated M W Markers 

2. Extract 1 from nonmalignant prostate tissue (section 3.1.3.3) immunostained with 

PSA/ACT 

3. Extract 1 from malignant prostate tissue (section 3.1.3.3) immunostained with 

PSA/ACT 

4. Extract 1 from nonmalignant prostate tissue (section 3.1.3.3) immunostained with 

cytokeratin cocktail 

5. Extract 1 from malignant prostate tissue (section 3.1.3.3) immunostained with 

cytokeratin cocktail 
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Figure 6-7 ID western blot of serum from a patient with prostate 
cancer and nonmalignant and malignant prostate tissues 

immunostained for the P S A / A C T complex. Proteins were 

electrophoresed in 1 6 % polyacrylamide gels, transferred and 

membranes were immunostained with a P S A / A C T antibody. 

Lane: 
1. Biotinylated M W Markers 
2. Serum from the patient with prostate cancer 
3. Extract 1 from nonmalignant prostate tissue (section 3.1.3.3) 
4. Extract 1 from malignant prostate tissue (section 3.1.3.3) 
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The original proteomic analysis detected reduced levels of P S A in malignant tissues 

compared to nonmalignant tissues. To confirm this reduction and examine the protein 

profile of PSA, one- and two-dimensional polyacrylamide gel electrophoresis was 

performed. Using one-dimensional polyacrylamide gel electrophoresis, three forms of P S A 

were detected in nonmalignant tissues (the expected free mature form with a molecular 

weight of 34 k D and two lower molecular weight clipped forms) compared to a reduced 

level of the 34 k D form in malignant tissues. 

The majority of studies have reported that PSA in prostate tissues largely exists in a free, 

noncomplexed (34 kD) form and that this form is elevated in nonmalignant tissues 

compared to malignant prostatic tissues (Catalona et al, 1998; Lilja et al, 1991; 

Mikolajczyk et al, 2000; Stenman et al, 1991). Using H P L C and N-terminal sequencing, 

specimens from the transitional zone of the prostate (BPH) were found to contain elevated 

levels of an altered form of P S A (clipped free PSA) compared to peripheral zone prostatic 

cancer specimens (Mikolajczyk et al, 2000). Another study also demonstrated that free 

PSA levels were lower in noncancerous compared to cancerous prostate tissues (Jung et 

al, 2000). That study also concluded that the amounts of total P S A and the proportions of 

PSA isoforms in prostatic tissues did not reflect the concentrations of total P S A and P S A 

isoforms in serum (Jung et al, 2000). 

In contrast, one-dimensional polyacrylamide gel electrophoresis of nonmalignant and 

malignant epithelial cells obtained from 2 patients using laser-capture micro-dissection 

(LCM) indicated that similar levels of free P S A (34 kD) are present in these cell types with 

no other forms of P S A detected (Ornstein et al, 2000a). Furthermore, Culkin et al. 

detected elevated levels of P S A in malignant prostate tissues compared to B P H tissues 

using immunoassays and immunohistochemistry (Culkin et al, 1995). These conflicting 

reports are most likely due to the use of different sample types, collection methods and 

analytical techniques and natural variation between the small numbers of specimens tested. 

Similar to the one-dimensional electrophoresis results, three forms of PSA were detected in 

nonmalignant tissues using two-dimensional polyacrylamide gel electrophoresis. In 
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addition, a second form of P S A was detected in malignant tissues, which is likely to have 

been due to the use of higher concentrations of proteins in two-dimensional 

polyacrylamide gels compared to one-dimensional polyacrylamide gels enabling the 

detection of proteins present at lower concentrations. 

Reasons for the detection of different forms of PSA in nonmalignant and malignant tissues 

are not clear, although it is probably due to the differential cleavage of PSA. The damaged 

basement membrane in malignant prostate epithelial cells allows P S A to reach the 

circulation directly. In contrast, the P S A from nonmalignant or B P H tissues reaches the 

circulation much more slowly by leaking "backwards" into the extracellular space where it 

is susceptible to proteolytic degradation explaining the presence of more clipped or nicked 

forms of P S A exist in nonmalignant tissues (Stenman, 1997). Chen et al. predicted the 

presence of a protease in B P H nodules that is probably responsible for the inactivation, or 

"clipping," of P S A in B P H tissue (Chen et al, 1997; Noldus et al, 1997). K n o w n cleavage 

products of P S A have been reported with molecular weights of 24, 18, 13 and 9 k D 

(Abrahamsson et al, 1997; Becker & Lilja, 1997) which are consistent with the results 

presented in this chapter. 

A recent study using two-dimensional electrophoresis and LCM detected PSA at reduced 

levels in malignant tissues compared to normal tissues although comparative western 

blotting was not performed between these two tissue types (Ornstein et al, 2000b). 

However, this study did examine the two-dimensional western blot profile of P S A in 

malignant tissues. Three protein forms with molecular sizes of 34 k D and similar pi's (~7) 

to those detected in this chapter were visualised. 

A study using one-dimensional electrophoresis and HIC-HPLC (hydrophobic interaction 

chromatography high performance liquid chromatography) demonstrated free P S A and a 

series of lower molecular weight proteins representing clipped P S A in the serum from 

healthy patients and seminal fluid. In contrast, free P S A alone was detected in the serum 

from patients with prostate cancer (Mikolajczyk et al, 1997). In the present study, free 

PSA was not detected in serum from patients with prostate cancer using one-dimensional 

electrophoresis. The most likely explanation for this is that very few cases were examined 
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and the antibody used may not have recognised the available epitopes (most P S A in the 

serum of prostate cancer patients may be bound to A C T ) (Huber et al, 1995). 

The pattern of PSA forms in the serum from patients with and without prostate cancer have 

been determined using two-dimensional polyacrylamide gel electrophoresis in conjunction 

with chemiluminescence detection (Charrier et al, 1999). It was demonstrated that serum 

P S A differed markedly from seminal P S A (ie apart from complexed forms, serum P S A 

showed fewer cleaved forms). Moreover, two-dimensional gel patterns using serum from 

patients with prostate cancer were relatively homogeneous, whereas in most cases, patterns 

from patients without prostate cancer presented a higher proportion of cleaved forms. 

Therefore, an increase in the free to total P S A ratio in patients without prostate cancer may 

be due to cleaved P S A forms (which are enzymatically inactive and unable to bind 

inhibitors) (Charrier et al, 1999). The findings of this report were consistent with the 

results presented in this chapter with regard to the expression of fewer clipped forms of 

P S A in malignant tissues compared to nonmalignant tissues. Furthermore, the pi and 

molecular weights of the clipped forms were similar to those presented in this thesis. 

Detection of reduced levels of PSA (both clipped and mature protein forms) in malignant 

tissues compared to nonmalignant tissues is interesting as it has been proposed previously 

that P S A activation by cleavage of other proteins, for example IGFBP-3, contributes to 

growth and invasion of prostatic cancer cells (Cohen et al, 1992; Okabe et al, 1999). 

However, those studies were not performed using human prostate tissues whereas the 

results presented in this study (using human prostate specimens) indicate that the level of 

both mature and clipped P S A is reduced in malignant tissues compared to nonmalignant. 

Therefore, these results suggest that this growth pathway may not significantly contribute 

to the increased growth and invasiveness of prostate cancer cells in vivo. 

As for PSA, one- and two-dimensional electrophoresis were used to confirm the 

differential protein levels of A C T and examine the profile of this protein in nonmalignant 

and malignant tissues. Using both one- and two-dimensional polyacrylamide gel 

electrophoresis, A C T (50 kD) was detected in both nonmalignant and malignant samples 

whereas a 116-90 k D protein smear (which was identified as A C T in the original 

proteomics and P M F analysis) was unique to nonmalignant samples. Detection of A C T in 
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prostate tissues specimens was not surprising (even though it had not been detected 

previously in studies using similar approaches) as A C T is produced locally by PSA-

containing cells of the prostate (Bjartell etal, 1993). 

In contrast to our results, two studies have reported a higher ACT expression in malignant 

tissues compared to nonmalignant (Bjork et al, 1994; Tanaka et al, 1999). It was 

suggested that this increased level in malignant tissues may facilitate the complex 

formation between P S A and A C T at a cellular level. Furthermore, it was postulated that 

this increased intracellular complex formation would be responsible for the higher serum 

concentrations of ACT-PSA in patients with prostate cancer. However in agreement with 

our results, a recent immunohistochemical study confirmed significantly higher A C T 

concentrations in nonmalignant prostate tissues (Igawa et al, 1996). 

To determine whether the 116-90 kD protein detected in the 2D western blots represented 

A C T complexed to PSA, complexed and free P S A were examined using conventional one-

dimensional western blotting. It was proposed that this complex may be ACT-PSA because 

both P S A and A C T are produced locally within the prostate, the P S A - A C T complex has a 

known molecular weight of ~100kD and recent reports have indicated (with no conclusive 

evidence) that P S A is bound to A C T within the prostate (Bjartell et al, 1993; Bjork et al, 

1994; Culkin et al, 1995; W u et al, 1995). Using P S A and A C T antibodies, the 116-90 

kD protein was not detected indicating that either the P S A and A C T antibodies are not 

capable of detecting the PS A - A C T complex or the 116-90 k D protein is not P S A bound to 

ACT. Following this, an antibody capable of specifically detecting the P S A - A C T complex 

was used. Although the P S A - A C T complex was detected in the positive control, this 

complex was not detected in nonmalignant or malignant prostate tissue samples. Analytical 

difficulties, including loss of immunoreactivity of the complex, over recovery caused by 

the presence of ACT-cathepsin G complex or complex dissociation during long-term 

storage may have impaired ACT-PSA measurement and detection (Chan et al, 1996; 

Heidtmann & Havemann, 1996; Pettersson et al, 1995; W u et al, 1998). 

A few studies have used two-dimensional polyacrylamide gel electrophoresis to analyse 

the PSA-ACT complex (Charrier et al, 1999; Qian et al, 1997). These studies 

demonstrated that the P S A - A C T complex is readily detectable in serum but not in prostatic 
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fluid or seminal fluid. Interestingly, similar protein profiles of the PS A - A C T complex were 

detected in these studies compared to those presented in this chapter. Currently, no studies 

examining formation of PS A - A C T complexes in human prostate tissues have been 

performed. In a recent study, epithelial cells from nonmalignant and malignant prostate 

tissues were incubated with A C T and the formation of similar levels of the P S A - A C T 

complex was demonstrated (Ornstein et al, 2000a). However, it is unlikely that the 

conditions used by this group reflect the normal physiology of a prostatic cell making it 

difficult to interpret this result. 

It was concluded that ACT is not bound to PSA within nonmalignant or malignant prostate 

tissues but rather to another protein. In addition, these findings indicate that A C T exists in 

free and complexed forms in nonmalignant human prostate tissues and in a free form (at 

lower levels) in malignant samples. The fact that complexed A C T (116-90 kD) is so 

abundant in normal prostate tissues indicates that it may be an important protein complex 

in normal prostate function. 

Qian et al. suggested that ACT may be inhibited by zinc (which is present in high 

concentrations in the prostate) rendering it inactive and unable to bind to P S A (Qian et al, 

1997). Although this hypothesis has not been substantiated, Qian et al. suggest that the 

high concentration of zinc, the presence of other inhibitors, the relative proportions of P S A 

to A C T or the inactivation of A C T may prevent the formation of P S A - A C T complexes in 

prostate tissues. This hypothesis could explain the absence and thus failure to detect PSA-

A C T complexes in this thesis. A C T is known to bind neutrophil proteinase cathepsin G 

and mast cell chymases to form complexes with approximate molecular sizes of 90 k D 

(Kalsheker, 1996). However, it is unlikely that either of these proteins would be present in 

the prostatic epithelial cells. Although at present the identity of the A C T binding protein is 

unknown, determination of the A C T binding protein in human prostate tissues may 

elucidate an early cellular change associated with prostate carcinogenesis and identify a 

protein marker lost in early stage cancers. 



CHAPTER 7 
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7.0 NEDD8 

7.1 INTRODUCTION 

NEDD8 (neural precursor cell-expressed developmental^ downregulated) is an 8 kD novel 

ubiquitin-like protein that was originally reported as a novel m R N A highly enriched in 

foetal mouse brain (Kumar et al, 1992). The expression of N E D D 8 is developmentally 

down-regulated and was shown previously to be restricted to the heart, skeletal muscle and 

ovaries in adult human tissues (Kamitani et al, 1997a; Kumar et al, 1993). As expected 

from the high sequence similarity (57% identical), the structure of N E D D 8 closely 

resembles that reported previously for ubiquitin (Whitby et al, 1998). The crystal structure 

of human N E D D 8 is similar to that of ubiquitin but contains major differences in two 

surface regions that present different electrostatic surface potentials (Whitby et al, 1998). 

7.1.1 Ubiquitin 

Ubiquitin is an abundant, highly conserved 76 amino acid protein found in all eukaryotic 

cells either free or covalently attached to cellular proteins (Johnson & Hochstrasser, 1997; 

Saitoh et al, 1997). This highly conserved protein has an apparent molecular weight of 8.6 

kD (Hershko & Ciechanover, 1992; Hochstrasser, 1996; Kornitzer & Ciechanover, 2000). 

Conjugation of ubiquitin proceeds via a reaction cascade (Figure 7-1) involving ubiquitin-

activating enzyme (El), ubiquitin-conjugating (E2) enzymes and occasionally, ubiquitin-

protein ligases (E3) (Ciechanover, 1994; Hochstrasser, 1996; Jentsch & Schlenker, 1995; 

Scheffner et al, 1995). The El enzyme hydrolyses A T P and via an El-bound ubiquitinyl 

adenylate intermediate, forms a high energy thioester between a cysteine of its active site 

and the C-terminus of ubiquitin. Ubiquitin is then passed on to E 2 enzymes, which form 

thioester-linked complexes with ubiquitin in a similar fashion. Finally, ubiquitin is 

covalently attached to the substrate protein by the E2 enzymes or, alternatively, by E3 

enzymes which may possess substrate-binding properties (Scheffner et al, 1995). It is 

suggested that all known functions of ubiquitin are mediated through this reaction 

(Hochstrasser, 1996). 
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AMP+PPi 

Figure 7-1 Ubiquitination pathway (Yeh et al, 2000). 

The majority of cellular ubiquitin conjugates appear to be targeted to the 26S proteasome, 

which degrades the substrates to small peptides allowing the ubiquitin to be recycled 

(Liakopoulos et al, 1999). However, when specific cell surface proteins are modified by 

ubiquitination, they appear to be targeted for lysosomal degradation via the endocytic route 

(Galan & Haguenauer-Tsapis, 1997; Galan et al, 1996; Hicke & Riezman, 1996; Rolling 

& Hollenberg, 1994). It is therefore assumed that ubiquitin functions primarily as a post-

translationally added targeting module directing the conjugated substrates to different 

proteolytic systems. 

Ubiquitination has proven to be one of the major protein modification pathways of 

mammalian cells and plays a critical role in many cellular processes (Ciechanover, 1998; 

Haas, 1997; Wilkinson, 1995). It is involved in antigen processing, cell cycle regulation, 

degradation of tumour suppressor proteins, endocytosis of cell surface receptors, and signal 

transduction (Hochstrasser, 1996; Jentsch, 1992). The complexity of the ubiquitination 

system is further compounded by the identification of other ubiquitin-like molecules 

including N E D D 8 . 

7.1.2 NEDD8 

N E D D 8 and its yeast orthologue, Rubl (Lammer et al, 1998; Liakopoulos et al, 1998), 

belong to an expanding family of ubiquitin-like proteins, such as U C R P (ubiquitin cross-

reactive protein) (Haas et al, 1987), sentrin-l/Smt-3/SUMOl (Boddy et al, 1996; 

Mahajan et al, 1997; Matunis et al, 1996; Okura et al, 1996), sentrin-2 (Kamitani et al, 

1998a), and sentrin-3 (Kamitani et al, 1998b). These proteins share a common feature in 

that the mature forms of the proteins are always translated in precursor form, with one or 

more amino acids following a Gly-Gly dipeptide that forms the C-terminus of the mature 
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protein (Hochstrasser, 1998). The mature form of these ubiquitin-like proteins has been 

shown to be conjugated to a large number of intracellular/nuclear proteins in a manner 

analogous to ubiquitination (Kamitani et al, 1997a; Kamitani et al, 1997b; W a d a et al, 

1998). 

Rubl has been shown to conjugate to Cdc53 in yeast (Lammer et al, 1998; Liakopoulos et 

al, 1998), suggesting that N E D D 8 may participate in the regulation of cell cycle 

progression from Gl into S phase (Whitby et al, 1998). This function of N E D D 8 has been 

supported in another study using a hamster cell line containing a temperature-sensitive 

allele of a gene highly homologous to a N E D D 8 subunit gene. At non-permissive 

temperatures, these cells traverse multiple S phases without intervening mitoses (Lammer 

et al, 1998). In addition, heart and skeletal tissues (two N E D D 8 enriched tissues) are 

characterised by a high protein turnover rate and very limited capacity to divide, 

suggesting that the R U B 1 / N E D D 8 pathways may be relevant for cells that have exited the 

cell cycle. 

The NEDD8 modification enzymatic pathway (Figure 7-2) is distinct from ubiquitination. 

Nonetheless, the enzymatic principles, such as activation, conjugation, and ligation, appear 

to be conserved (Yeh et al, 2000). Recombinant human N E D D 8 protein has been shown 

to be activated by the ubiquitin-activating (El) enzyme. Activated N E D D 8 is transferred 

from El to the ubiquitin conjugating enzyme E2-25K. E2-25K conjugates N E D D 8 to a 

polyubiquitin chain with an efficiency similar to that of ubiquitin. Seven residues are 

conserved between N E D D 8 orthologues, but differ from the corresponding residues in 

ubiquitin (Whitby et al, 1998). One such residue, Ala-72 (Arg in ubiquitin), is shown to 

perform a key role in selecting against reaction with the ubiquitin El enzyme, thereby 

acting to prevent the inappropriate diversion of N E D D 8 into ubiquitin-specific pathways 

(Whitby et al, 1998). It has been speculated that Ala-72 may also be an important positive 

determinant of interactions between N E D D 8 and the NEDD8-specific activating enzyme 

(Whitby et al, 1998). This is due to the sequence similarity between ubiquitin El enzyme 

and the ubiquitin-specific El-like enzymes leading to an increased likelihood of ubiquitin 

binding in equivalent orientations. 



Figure 7-2 N E D D 8 enzymatic modification pathway (Yeh et al, 2000). 

A major target protein modified by NEDD8 has been shown to be Hs-cullin-4A (Cul-4A), 

a member of the family of human cullin/Cdc53 proteins functioning as an essential 

component of a multifunctional ubiquitin-protein ligase E3 complex that has a critical role 

in ubiquitin-mediated proteolysis (Lammer et al, 1998; Liakopoulos et al, 1998; Osaka et 

al, 1998). Cul-4A is a member of a family of human cullin proteins that have high 

sequence homologies (Kipreos et al, 1996). To date, 6 species of human cullin family 

proteins including Cul-1, Cul-2, Cul-3, Cul-4B, and Cul-5 in addition to Cul-4A have been 

reported (Kipreos et al. 1996). It has been shown recently that all known human cullins are 

modified by N E D D 8 (Yeh et al, 2000). The human Cul-4A gene is amplified and 

overexpressed in primary breast cancers (Chen et al, 1998) and therefore may be involved 

in a number of biological functions related to the onset of malignancy. 

A recent study demonstrated distinct punctate staining using anti-NEDD8 in HeLa cells 

that had been transfected to overexpress androgen receptors containing an expanded exon 1 

polyglutamine tract (Stenoien et al, 1999). N E D D 8 specifically redistributed with the 

receptor throughout the nucleus. N E D D 8 association with the androgen receptor was not 

restricted to this glutamine-modified form because it also bound strongly to two other 

types of androgen receptors. In addition, the ubiquitin containing enzyme E 6 A P has been 

shown to act as a steroid receptor coactivator (Nawaz et al, 1999). This suggests that 

ubiquitin related protein modifications may play an important role in steroid receptor 

activity. 
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7.2.1 Western blotting 

The differential expression and protein profile of N E D D 8 in nonmalignant and malignant 

prostate tissues was examined by western blotting (section 3.7) in proteins extracted from 

human prostate specimens (section 3.1.3.3). To optimise the methods, western blots were 

immunostained with a series of anti-NEDD8 antibody dilutions ranging from 1:25 to 1:200 

(not shown). N E D D 8 was detected as a single 8 k D protein using an antibody dilution of 

1:25 (not shown). 

Following optimisation of NEDD8 western blotting, NEDD8 protein profiles were 

examined in proteins extracted from nonmalignant and malignant prostate tissues (section 

3.1.3.3). Free N E D D 8 (8 kD) was detected in nonmalignant samples only (Figure 7-3A). 

T w o to three high molecular weight proteins (200 k D - 66 kD) were also visualised and 

were present in both nonmalignant (5 of 11 cases) and malignant (8 of 8 cases) samples. In 

the remaining 6 nonmalignant prostate specimens, no high molecular weight proteins were 

visualised. 

NEDD8 expression in the human prostate cancer cell lines DU145, PC3 and LNCaP were 

also examined. Whole cell lysates of the cell lines were electrophoresed (section 3.3), 

transferred to Hybond-C membrane (section 3.7.1) and immunostained using the Hoeffer 

Mini-Deca probe (section 3.7.3). A n 8 k D N E D D 8 protein and a series of high molecular 

weight proteins (200 k D and 97 - 60 kD) were detected in all three cell lines using the 

anti-NEDD8 antibody (Figure 7-3B). 

NEDD8 protein in nonmalignant and malignant prostate tissues was further examined 

using 2 D G E (section 3.4) and western blotting (section 3.7). In agreement with the original 

proteomics analysis and ID western blotting, free N E D D 8 (8 kD) was detected in 

nonmalignant tissues only (Figure 7-4). In contrast, a series of high molecular weight 

proteins (-60 kD/pI 3-3.5 and -60 kD/pI 4-5.5) were visualised in both nonmalignant (6 of 

11 cases) and malignant (8 of 8 cases) samples with a stronger signal detected in malignant 

specimens (7 of 8 cases) compared to the nonmalignant tissues. In the remaining 5 

nonmalignant cases, high molecular weight proteins were not detected (results not shown). 
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Figure 7-3 ID western blots of nonmalignant and malignant prostate tissues and 
prostate cancer cell lines immunostained for NEDD8. Proteins were electrophoresed 
in 16% polyacrylamide gels and following western transfer, membranes were 
immunostained with a NEDD8 antibody. A. Prostate tissue specimens. B. Human 
prostate cancer cell lines. 

Lane: 
1. 
2. 
3. 
4. 
5. 

Biotinylated M W Markers 
Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 1 
Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 2 
Extract 1 (section 3.1.3.3) from malignant prostate sample 1 
Extract 1 (section 3.1.3.3) from malignant prostate sample 2 

B Lane: 
1. 
2. 
3. 
4. 

Biotinylated M W Markers 
LNCaP cell lysate 
PC3 cell lysate 
DU145 cell lysate 
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Figure 7-4 2D western blots of nonmalignant and malignant prostate 
tissues immunostained for NEDD8. Proteins extracted from 
nonmalignant (A) and malignant (B) human prostate tissues were 
focused and electrophoresed in 16% polyacrylamide gels. Following 
western transfer, membranes were immunostained with a NEDD8 
antibody. 

Lane: 
M. Biotinylated M W Markers 
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7.2.2 Immunohistochemistry 

7.2.2.1 Antibody Optimisation 

Microwave antigen retrieval was performed to optimise N E D D 8 immunostaining on 

human prostate tissues using 2 different buffers; E D T A and citric acid (section 3.8.3.1). 

Sections with no antigen retrieval were also immunostained. After antigen retrieval, a 

series of 6 dilutions of the N E D D 8 antibody (ranging from 1:200 to 1:6400) were tested 

(section 3.8.3). 

Non-specific staining of epithelial and stromal cells was observed using strong primary 

antibody concentrations of 1:200 - 1:400 without antigen retrieval (Figure 7-5A). The 

cytoplasm of all nonmalignant and malignant epithelial cells was positively stained and the 

stroma was weakly positive with a diffuse and occasionally granular appearance. At 

weaker N E D D 8 antibody concentrations (1:800 - 1:6400), no immunoreactivity was 

observed (Figure 7-5B). 

Markedly different results were observed using a microwave antigen retrieval technique. 

Using the citric acid buffer and primary antibody concentrations of 1:200 - 1:400, high 

levels of non-specific staining were seen (Figure 7-5C), The cytoplasm and nucleus of both 

nonmalignant and malignant epithelial cells was positively stained although staining in 

malignant cells was markedly stronger in individual glands. Basal cells surrounding both 

nonmalignant and hyperplastic glands also stained strongly and stromal tissue was weakly 

positive with a diffuse and occasionally weak granular appearance. At weaker 

concentrations (1:800 - 1:3200), background staining was still evident. The cytoplasm of 

nonmalignant cells (luminal and basal) was weakly positive in comparison to strongly 

staining malignant cells. Stromal tissue was also weakly positive. Nonmalignant epithelial 

cells (luminal and basal) and stromal tissue were negative for N E D D 8 at a primary 

antibody dilution of 1:6400. In contrast, the cytoplasm of most malignant cells stained 

strongly positive (Figure 7-5D). 

Similar results to the sections treated with citric acid buffer were obtained using the EDTA 

buffer. At high concentrations of primary antibody (1:200 and 1:400), the cytoplasm and 

nucleus of all nonmalignant and malignant cells stained strongly and a high level of 

background staining was observed (not shown). Weaker background levels were seen 
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using primary antibody dilutions of 1:800 to 1:3200. Also at these dilutions, the cytoplasm 

and nuclei of nonmalignant epithelial cells (luminal and basal) were mostly negative with 

occasional weakly positive glands. The cytoplasm of malignant cells was positive with a 

granular appearance (not shown). 

Optimal staining was observed using EDTA antigen retrieval and immunostaining sections 

at a primary antibody dilution of 1:6400. Under these conditions, no background staining 

was visualised and nonmalignant epithelial cells (luminal and basal) were mostly negative 

(Figure 7-6A). Stromal tissue was also negative for N E D D 8 . In comparison, the cytoplasm 

(and occasionally nuclei) of most malignant cells were strongly positive and granular in 

appearance (Figure 7-5E). Immunohistochemistry performed without addition of primary 

antibodies (as a negative control) revealed no signals in prostatic glands or stromal cells 

(data not shown). Skeletal muscle was used as a positive control and stained strongly 

(Figure 7-5F). 

7.2.2.2 Immunohistochemical Staining of Prostate Tissue 

Following optimisation of immunohistochemical techniques, 32 radical prostatectomy 

specimens were immunostained using the N E D D 8 antibody (section 3.8). N E D D 8 

immunoreactivity was identified in the nucleus and cytoplasm of nonmalignant and 

malignant epithelial cells in each of the specimens. Staining was cytoplasmic and 

occasionally nuclear in positive cells and appeared granular in cells of epithelial origin. 

Luminal and basal cells of nonmalignant glands were generally negative for N E D D 8 

(Figure 7-6A), however a small proportion of luminal cells and hyperplastic glands 

displayed weakly positive staining (Figure 7-6B). Most malignant cells were weakly 

positive (91% of cases) with the remaining 9 % displaying strong immunoreactivity (Figure 

7-6C, D ) . Foci of cancer cells that were not immunoreactive were also evident and were 

interspersed with the positively stained cells. 



Figure 7-5 Optimisation of N E D D 8 immunostaining. Radical prostatectomy 
specimens were immunostained with a N E D D 8 antibody using a range of 
dilutions from 1:200 to 1:6400 with no antigen retrieval and citric acid antigen 
retrieval. (A) Moderate background was observed at 1:200 to 1:400 primary 
antibody concentrations (with no antigen retrieval). (B) At 1:800 to 1:6400 
primary antibody concentrations (also with no antigen retrieval), no staining 
was visible in any cell type. (C) Using citric acid microwave antigen retrieval 
and 1:200 to 1:400 primary antibody concentrations, a high level of 
background was observed. (D) At 1:6400 primary antibody concentrations 
(using citric acid antigen retrieval), malignant cells were usually 
immunoreactive with the N E D D 8 antibody. (E) Similarly using 1:6400 
primary antibody concentrations and E D T A antigen retrieval, malignant cells 
were also usually immunoreactive with the N E D D 8 antibody. (F) Positive 
control (skeletal muscle) stained uniformly throughout all specimens 
examined. Bar = 20 jim. 
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Figure 7-6 Radical prostatectomy specimens immunostained for N E D D 8 . 
(A) Luminal and basal cells of normal glands were generally negative for 
N E D D 8 . (B) Hyperplastic glands were mostly negative for N E D D 8 however, 
glands with weak punctate staining were seen occasionally. (C) Malignant 
epithelial cells were mostly weakly immunoreactive for N E D D 8 , although a 
small number of cases exhibited strong staining (D). Bar = 20 urn. 
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N E D D 8 is a ubiquitin like protein and has been shown to play an important role in cell 

cycle regulation and protein degradation (Hershko & Ciechanover, 1998; Hochstrasser, 

1996; Kamitani et al, 1997b). Prior to this work, N E D D 8 expression had not been 

reported previously in human prostate tissues. Consistent with its known function in 

conjugating with target proteins, several high molecular weight proteins that were N E D D 8 

immunoreactive were detected in prostate tissues and in prostate cancer cell lines. Due to 

the presence of these high molecular weight proteins, western blotting and 

immunohistochemical analyses of N E D D 8 in human prostate tissues did not support the 

original proteomics results which indicated N E D D 8 was present in nonmalignant but not 

malignant prostate tissues. 

The expression of NEDD8 in DU145, PC3 and LNCaP cells was determined to elucidate 

the potential use of these cells lines for further analysis of the N E D D 8 protein. Free 

N E D D 8 and a series of high molecular weight proteins were detected in all three cell lines. 

Similarly, Kamitani et al detected a 6 k D N E D D 8 monomer and a series of N E D D 8 

multimers or NEDD8-conjugated proteins in HL60, SK-N-SH and BJAB cell lysates 

(Kamitani et al, 1997a). The identity of the conjugated proteins detected in that study and 

in the present research are unknown. 

It is likely that the high molecular weight proteins detected in the one- and two-

dimensional western blots containing nonmalignant and malignant prostate tissues 

represent N E D D 8 complexed to other proteins which may be targeted for degradation. 

N E D D 8 has been shown to bind to a number of proteins in cell lines possibly explaining 

the presence of high molecular weight proteins (or potentially protein complexes). N E D D 8 

binding proteins identified in other tissue types and non-prostatic cell lines include the 

human cullin proteins (such as cullinsl, 2 and 4A), Cdc53 protein and a glutamine-

modified androgen receptor (Kamitani et al, 1997a; Lammer et al, 1998; Liakopoulos et 

al, 1999; Liakopoulos et al, 1998; Osaka et al, 1998; Stenoien et al, 1999; W a d a et al, 

1999). N E D D 8 has also been shown to play a significant role in the regulation of 

chaperones, such as heat shock proteins, where it is thought to facilitate protein folding and 

tertiary structure formation (Stenoien et al, 1999). 
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Post-translational modifications of proteins by the covalent attachment of another protein 

is more c o m m o n than previously assumed. In addition to the well characterised ubiquitin 

system, eukaryotes possess several pathways that mediate the conjugation of ubiquitin-like 

modifiers to specific cellular proteins (Liakopoulos et al, 1999). In contrast to ubiquitin, 

these proteins do not seem to promote protein degradation (Hochstrasser, 1998; Jentsch & 

Ulrich, 1998). For example, the human interferon-inducible ubiquitin-like protein U C R P , 

appears to mediate protein targeting to the cytoskeleton (Haas et al, 1987; Loeb & Haas, 

1992; Loeb & Haas, 1994). This observation may point to a general role of ubiquitin-like 

proteins, including N E D D 8 , as modulators of the ubiquitin pathway. 

As NEDD8 expression had not been studied previously in human prostate tissues, stringent 

immunohistochemical optimisation was required. Most nonmalignant epithelial cells were 

negative for N E D D 8 whereas the cytoplasm (and occasionally nuclei) of most malignant 

cells were positive. Lack of N E D D 8 immunoreactivity in most nonmalignant epithelium 

and its corresponding presence in malignant epithelium does not correlate with the 

proteomics nor western blotting data. However, detection of N E D D 8 in some 

nonmalignant epithelial cells most likely explains the presence of this protein in the 

western blots. In addition, detection of a stronger signal of the high molecular weight 

forms in malignant samples (as shown by western blotting) would explain the widespread 

N E D D 8 immunoreactivity seen in the malignant epithelial cells. As previously suggested, 

the strong signal in the malignant epithelial cells may be due to N E D D 8 bound to other 

proteins. It is possible that N E D D 8 is targeting these proteins for degradation although 

without further analysis, no conclusions can be drawn. 

These findings confirm that NEDD8 is differentially expressed in nonmalignant and 

malignant prostate tissues. In addition, these results indicate that N E D D 8 or its binding 

proteins, may have a role as a marker of malignant transformation in the prostate as it 

becomes detectable with the onset of early stage cancers. 



CHAPTER 8 
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8.0 C A L P O N I N A N D T R O P O M Y O S I N - 1 

8.1 INTRODUCTION 

Calponin and TM-1 are two of the muscle markers identified in the original proteomics 

analysis. Calponin was identified by P M F following excision of a 17 kD/pI 9.3 protein. 

Similarly, TM-1 was identified by P M F of a 45 kD/pI 7.9 protein. 

8.1.1 Calponin 

8.1.1.1 Protein Properties 

Calponin is a thin filament associated protein first localised in smooth muscle tissues (Ma 

et al, 2000; Takahashi et al, 1986). Multiple isoforms of calponin have been identified in 

avian and mammalian smooth muscle but functional significance of the isoform diversity 

is yet to be elucidated (Draeger et al, 1991; Gimona et al, 1992). Complete sequences of 

rat aorta as well as pig and mouse stomach calponin reveal a high degree of conservation 

between species (Nishida et al, 1993; Strasser et al, 1993). Mezgueldi and coworkers 

demonstrated that the amino-terminal region of calponin from residues 7-182 is capable of 

performing the entire functional repertoire of calponin (Mezgueldi et al, 1992). 

Two calponin isoforms, a and |3, of 32 kD/pI 9.9 and 28 kD/pI 9.9, respectively, were 

originally described in chicken gizzard (Takahashi & Nadal-Ginard, 1991). oc-calponin 

contains 292 amino acids while the (3 isoform has a deletion of 40 amino acids (residues 

217-256). Analysis of the secondary structure indicates that the a isoform contains 13% cc-

helix, 2 2 % {3-sheet and 2 6 % (3-turn. The accessibility profile of calponin suggests that 

there are two highly exposed segments, residues 17-34 and 144-160 (Takahashi & Nadal-

Ginard, 1991). It is probable that these segments are involved in protein-protein 

interactions. 

Basic calponin is localised both in cytoskeletal and contractile domains of smooth muscle 

cells (Gimona et al, 1990; Mabuchi et al, 1996; North et al, 1994; Takahashi et al, 1987) 

as well as in the actin cytoskeleton of platelets and fibroblasts (Takeuchi et al, 1991), in 
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myoepithelial and myofibroblasts in mammary tissue (Lazard et al, 1993) and in the 

adrenal medulla (Takahashi et al, 1987). Its expression is strongly downregulated with de-

differentiation of cells (Abe et al, 1990; Draeger et al, 1991; Gimona et al, 1992; 

Shanahan etal, 1993; Takahashi & Nadal-Ginard, 1991). 

Neutral forms of calponin have also been isolated from smooth muscle cells and have an 

isoelectric point of 7.8 to 8.8 and molecular weight of 34 k D (Strasser et al, 1993; 

Takahashi et al, 1988). In addition to smooth muscle cells, neutral calponin has also been 

observed in porcine aortic endothelial cells (Sakihara et al, 1996). 

Since the original isolation, another calponin mRNA has been cloned and sequenced from 

rat aortic vascular smooth muscle cells (Applegate et al, 1994). The derived protein has a 

molecular weight of 36 k D and an isoelectric point of 5.2. The acidic character is due to 

the insertion of an acidic segment of 57 amino acids in the C-terminal region which is 

particularly enriched in glutamate, aspartate, proline and tyrosine (Applegate et al, 1994; 

Ferhat et al, 1996). The acidic calponin is more widely expressed than the basic isoforms 

and is present in smooth muscle and non-muscle cells including the brain (Applegate et al, 

1994; Ferhat etal, 1996; Trabelsi-Terzidis etal, 1995). 

8.1.1.2 Function 

Calponin was originally characterised as an actin-, tropomyosin- and calcium-calmodulin 

binding protein (Gimona & Small, 1996; Takahashi et al, 1986; Winder & Walsh, 1993). 

Calponin affects the rate of polymerisation of G-actin (Kake et al, 1995; Tang et al, 1997) 

and is able to bundle filaments of F-actin (Kolakowski et al, 1995; Tang et al, 1997). 

Under experimental conditions, calponin binds to actin filaments and induces their 

bundling, suggesting that calponin may be a structural protein (Lu et al, 1995). In 

addition, calponin is primarily localised with other structural proteins such as actin and 

desmin on the surface of smooth muscle dense bodies (Mabuchi et al, 1997; Mabuchi et 

al, 1996; North et al, 1994). Calponin is also found in the cardiac myocyte Z-line 

(Masudaefa/., 1996). 

Recently, a second actin-binding site (residues 172-187) was detected in calponin (Mino et 

al, 1998). The N-terminal region of calponin (residues 29-127) contains the calponin 
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homology domain (CH-domain). Although duplicated CH-domains are important for 

interaction of filamin, fimbrin and oc-actinin with actin (Castresana & Saraste, 1995; 

Stradal et al, 1998), the single CH-domain of calponin is neither sufficient nor necessary 

for F-actin-binding (Gimona & Mital, 1998; Stradal et al, 1998). Despite this, the 

possibility that this domain is involved in actin bundling cannot be excluded (Ma et al, 

2000). 

The literature indicates that calponin plays an important role in cytoskeleton formation, 

regulation of smooth muscle contraction and/or signal transduction. These functions are 

associated with the interaction of calponin with actin (Winder & Walsh, 1993). 

Specifically, the striking colocalisation of acidic calponin with cytoskeletal filaments such 

as F-actin and vimentin suggests that calponin may also play a role in cell tension and cell 

morphology. 

It has been shown that calponin interacts with hsp90 via calponin-binding sites located in 

the N-terminal and central parts of the hsp90 protein (Ma et al, 1998; Menice et al, 1997). 

A second study demonstrated that hsp90 does not bind to actin filaments but rather 

calponin, leading to a decrease in calponin-induced bundling of actin filaments 

(Bogatcheva et al, 1999; M a et al, 2000). Although calponin is reported to bind calcium 

directly (Winder et al, 1991), this has been disputed (Wills et al, 1993). However, there is 

a general agreement that calcium mediates the binding of calcium receptor molecules to 

calponin (Wills et al, 1993; Wills et al, 1994). Additional data suggest that calponin also 

binds to myosin but this association is apparently too weak to be relevant to the function of 

calponin (Lin etal, 1993; Szymanski & Tao, 1993). 

Calponin inhibits ATPase activity of actinomyosin and this inhibition can be reversed by 

addition of Ca-binding proteins or by calponin phosphorylation (Winder & Walsh, 1993). 

Calponin can be phosphorylated in vitro by protein kinase C (Naka et al, 1990) and by 

calmodulin-dependent protein kinase II (CaM kinase II) (Winder & Walsh, 1990). 

Phosphorylation of this protein is probably regulated by protein kinase C and an okadaic 

acid-sensitive protein phosphatase. Further, calponin phosphorylation may play a 
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modulatory role in the regulation of smooth muscle contractions by endothelin-1 (Yuasa et 

al, 1999). 

Calponin has been shown to inhibit actin-activated myosin-ATPase activity in 

reconstituted contractile protein systems, and this inhibition is also reversed by 

phosphorylation catalysed in vitro by protein kinase C or calcium dependent protein kinase 

II (Naka et al, 1990; Nakamura et al, 1993; Winder & Walsh, 1990; Winder & Walsh, 

1993). This indicates that calponin may regulate muscle contraction. In comparison to 

muscle tissues, very little is known about the function of acidic calponin in non-muscle 

cells. 

8.1.2 Tropomyosin-1 

8.1.2.1 Protein Properties 

T M was first isolated by Bailey in 1948 (Bailey, 1948). This protein has a characteristic 

molecular weight between 30-40 k D and an unusually acidic isoelectric point of 4.6. 

Isoforms of T M have now been found in virtually all eukaryotic cells and have been 

isolated from a wide variety of sources including fibroblasts (Matsumura & Yamashiro-

Matsumura, 1985), brain (Koteliansky et al, 1983), platelets (Cote & Smillie, 1981), 

adrenal glands (Cote et al, 1986), thyroid (Kobayashi et al, 1982), erythrocytes (Fowler & 

Bennett, 1984) and macrophages (Fattoum et al, 1983). T M expression is regulated in a 

highly tissue specific manner by alternative splicing mechanisms (Shah et al, 1998). 

TMs are a family of 15-20 closely related proteins. Structurally, non-muscle TMs are very 

similar to muscle T M s in that they are heat tolerant dimeric proteins that form coiled cc-

helices (Cote & Smillie, 1981). Comparisons of amino acid sequences of T M from muscle 

and non-muscle sources reveals extensive regions of sequence homology along with 

significant numbers of amino acid differences (MacLeod, 1987). The nature of the amino 

acid differences explains the unique and different characteristics of T M from various 

sources (MacLeod, 1987). 

A characteristic feature of TM is a repeating pattern of non-polar and polar amino acid 

residues which is believed to be responsible for the stabilisation of a coiled oc-helical 
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structure (Smillie, 1979). H uman T M genes, a, p, y and 8 (also named T P M 1 , T P M 2 , 

T P M 3 and T P M 4 , respectively) have been localised to chromosomes 15q22, 9pl3, lq22-

q23 and 19 respectively (Clayton et al, 1988; Helfman et al, 1986; Laing et al, 1995; 

Ruiz-Opazo & Nadal-Ginard, 1987; Yamawaki-Kataoka & Helfman, 1987). Muscle and 

non-muscle cells have been shown to express multiple isoforms of T M s (Lees-Miller & 

Helfman, 1991). Multiple isoforms expressed in non-muscle cells are mostly alternatively 

spliced products from the same genes that produce muscle T M (Lin et al, 1997; Pittenger 

et al, 1994). In most non-muscle cells, conserved splicing produces two classes of T M , a 

high molecular weight isoform with 284 amino acids and a low molecular weight isoform 

with 248 amino acids (Bhattacharya et al, 1988; Roger et al, 1989; Shishido et al, 2000; 

Warren etal, 1985). 

8.1.2.2 Function 

T M isoforms have been implicated in various cellular functions including the regulation of 

cell cytokinesis (Warren et al, 1995), motility (Kislauskis et al, 1997; Lin et al, 1988), 

morphogenesis (Erdelyi et al, 1995; Gunning et al, 1997; Hannan et al, 1995; Tetzlaff et 

al, 1996), and transformation (Boyd et al, 1995; Leavitt et al, 1987; Prasad et al, 1993). 

The actin filament network plays a key role in the maintenance of cell shape and the 

control of actin's dynamic organisation by many actin filament-binding proteins which are 

central to its function (Hitchcock, 1977; Lin et al, 1997; Pittenger et al, 1994). Molecules 

of T M bind to actin microfilaments in a regular fashion (Cohen & Cohen, 1972; 

Matsumura et al, 1983; Schloss & Goldman, 1979). It has been suggested that they may 

contribute to stability of actin filaments by antagonising the action of components which 

promote disassembly (Bernstein & Bamburg, 1982; Fattoum et al, 1983; Matsumura et al, 

1983; Pollard et al, 1976). Specifically TM-1, in association with the troponin complex, 

plays a central role in the calcium dependent regulation of vertebrate-striated muscle 

contraction. 

Although their function in non-muscle cells is poorly understood, TMs have also been 

shown to affect the activity of several actin-binding proteins and therefore are suggested to 

participate in actin filament stabilisation and organisation (Cooper et al, 1985; Hendricks 
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& Weintraub, 1981; Kawamura & Maruyama, 1970; Leavitt et al, 1986; Matsumura et al, 

1983). Regulation of actin-myosin interactions in non-muscle cells is not fully understood 

but it is likely that T M and caldesmon are involved. Non-muscle T M s enhance 

actinomyosin II ATPase activity in vitro and caldesmon regulates this in a calcium 

sensitive manner (Cote, 1983; Matsumura & Yamashiro, 1993). 

Functional distinctions between high and low molecular weight isoforms of non-muscle 

T M have been studied using T M mixtures purified from tissues and cell lines (Broschat & 

Burgess, 1986; Lin et al, 1985; Matsumura & Yamashiro-Matsumura, 1985). The most 

significant finding was that high molecular weight isoforms bound actin filaments more 

tightly than low molecular weight isoforms (Matsumura & Yamashiro-Matsumura, 1985). 

8.1.2.3 Tropomyosin and Malignant Transformation 

Aberrant regulation of T M expression decreases cell stability (affecting both shape and 

motility) via an increased sensitivity of the microfilament to depolymerising factors 

(Cooper et al, 1987). For example, overexpression of a transformation sensitive high 

molecular weight T M isoform in ras transformed cells was shown to partially revert 

neoplastic growth and tumorigenicity, cause cell flattening and spreading and increase the 

size and number of detectable stress fibers in the cell (Braverman et al, 1996; Prasad et al, 

1993; Prasad et al, 1998; Takenaga & Masuda, 1994). 

Characterisation of cells derived from tumours has revealed that the downregulation of 

high molecular weight T M isoforms (namely TM-1) is a common feature of 

transformation, suggesting that loss of expression of TM-1 is an important and central 

biochemical change that cells undergo during neoplasia (Bhattacharya et al, 1988; Cooper 

et al, 1985; Hendricks & Weintraub, 1981; Hendricks & Weintraub, 1984; Leavitt et al, 

1986; Leonardi et al, 1982; Matsumura et al, 1983; Takenaga et al, 1988). Decreased 

expression levels of high molecular weight T M corresponds with metastatic potential in 

Lewis lung carcinoma cells (Takenaga et al, 1988) and in transformed human lip 

fibroblast K D cells (Leavitt et al, 1986). Re-establishment of high molecular weight T M 

suppresses the ability of cells to form tumours (Prasad et al, 1993) and similarly, loss of 

the transformed phenotype is accompanied by a restoration of high molecular weight T M 

levels (Hendricks & Weintraub, 1981; Matsumura et al, 1983; Paulin et al, 1979). These 



139 

studies have led to the hypothesis that suppression of T M s by carcinogens results in the 

assembly of defective microfilaments (Braverman et al, 1996; Cooper et al, 1985), which 

would contribute to the malignant phenotype. 

TM-1 is a known class II tumour suppressor protein in addition to being a structural 

protein (Braverman et al, 1996). A recent study has shown that tumour suppression by 

TM-1 appears to be isoform specific. For example, tumorigenesis experiments in athymic 

nude mice indicated that tumour growth was not compatible with the continued expression 

of TM-1 (Braverman et al, 1996; Prasad et al, 1993). Furthermore, studies using human 

breast and prostate carcinoma cell lines and prostate tumour cells demonstrated severe 

abnormalities in TM-1 expression (Braverman et al, 1996). 

For complete reversion of the transformed phenotype, it has been proposed that TM-1 

modulates the intracellular signaling of the transforming oncogene and reorganises the 

cytoskeleton (Shah et al, 1998). In addition, the ratio of TM-1 and T M - 2 is critical for 

formation of microfilaments. It has been shown that continued expression of both TM-1 

and TM-2 is required for tumour suppression and well developed actin filaments (Shah et 

al, 1998). 
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8.2.1 Calponin 

8.2.1.1 Western blotting 

The differential expression protein profile of calponin was examined by ID and 2 D 

western blotting (section 3.7) in proteins extracted from nonmalignant and malignant 

prostate tissues (section 3.1.3.3). A series of anti-calponin antibody dilutions ranging 

from the recommended 1:1000 to 1:10000 were assessed. Calponin (33 kD) was clearly 

detected at 1:5000 in all nonmalignant specimens examined (results not shown). 

Following optimisation of calponin western blotting, calponin protein profiles were 

examined in proteins extracted from 11 nonmalignant and 8 malignant prostate tissues 

(section 3.1.3.3). Calponin (33 kD) was detected in both nonmalignant and malignant 

samples, although a reduced signal in the malignant specimens compared to the 

nonmalignant was observed (Figure 8-1 A ) . Calponin was not detected in proteins 

extracted from the LNCaP, PC-3 and D U 1 4 5 prostate cancer cell lines (not shown). 

Although the detection of calponin in serum was not expected, comparison of the 

profile of calponin in prostate tissues and serum specimens was performed. Proteins 

extracted from nonmalignant prostate samples and 1:20 diluted serum samples were 

electrophoresed (section 3.3) and immunostaining was performed using an anti-

calponin antibody (section 3.7.3). Calponin (33 kD) was detected in all nonmalignant 

tissue samples and all serum samples (Figure 8-IB). Although there was no difference 

in the intensity of the calponin protein between serum samples from patients with and 

without prostate cancer, a strong signal was detected in all serum samples compared to 

prostate tissues. 

Two-dimensional electrophoresis and western blotting for calponin was performed for 

further resolution of calponin protein forms present in prostate tissues. Proteins 

extracted from nonmalignant and malignant human prostate tissues (section 3.1.3.3) 

were focused (section 3.4.1) and electrophoresed (section 3.4.3). Following transfer to 

Hybond-C membranes, immunostaining was performed using anti-calponin as the 

primary antibody. In agreement with the ID western blotting (Figure 8-1), 2 forms of a 

33 k D protein (pi 3 and 9) were detected in 8 of 11 nonmalignant tissue samples 

examined. In addition, a 52 kD/pI 3 protein was detected in all nonmalignant specimens 

(Figure 8-2A). In the remaining 3 nonmalignant tissue cases, a single protein spot was 

detected (33 kD/pI 9). In comparison to the nonmalignant tissues, a weaker signal of 

the 33 kD/pI 3 form was detected in all malignant samples (Figure 8-2B). 
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Figure 8-1 ID western blotting for calponin in nonmalignant and malignant 

prostate tissues and in serum. Proteins were electrophoresed in 16% 

polyacrylamide gels. Following western transfer, membranes were 

immunostained with a calponin antibody. 

Lane: 
1. 
2. 
3. 
4. 
5. 
6. 

Biotinylated M W Markers 
Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 1 
Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 2 
Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 3 
Extract 1 (section 3.1.3.3) from malignant prostate sample 1 
Extract 1 (section 3.1.3.3) from malignant prostate sample 2 

B Lane: 
1. 
2. 
3. 
4. 
5. 
6. 

Serum from a healthy patient 
Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 1 
Serum from a patient with prostate cancer (sample A) 
Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 2 
Serum from a patient with prostate cancer (sample B) 
Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 3 



200kD — 

66kD 

45kD 

31kD 

14kD 

8kD 

M pi 3 

-

m © 
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Figure 8-2 2D western blots of nonmalignant and malignant prostate 
tissues immunostained for calponin. Proteins extracted from 
nonmalignant (A) and malignant (B) human prostate tissues were 
focused, electrophoresed in 16% polyacrylamide gels and transferred to 
Hybond-C membranes. Immunostaining was performed using an anti-
calponin antibody. 

Lane: 
M. Biotinylated M W Markers 
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8.2.1.2 Immunohistochemistry 

8.2.1.2.1 Antibody Optimisation 

Similar to N E D D 8 (Chapter 7), microwave antigen retrieval was performed to optimise 

calponin immunostaining on human prostate tissues using 2 different buffers; E D T A 

and citric acid (section 3.8.3.1). Sections with no antigen retrieval were also 

immunostained. A series of 5 dilutions of the calponin antibody (ranging from 1:400 to 

1:6400) were tested (section 3.8.3.2). 

With no antigen retrieval and at a high primary antibody concentration (1:400), the 

cytoplasm of all nonmalignant and hyperplastic epithelial cells stained weakly positive 

and had a granular appearance (Figure 8-3A). Approximately 9 0 % (217 of 240) of 

malignant cells were very weakly positive or negative (Figure 8-3B). Stromal tissue 

was moderately immunoreactive with a diffuse and occasionally granular appearance. 

At lower primary antibody concentrations (1:800 - 1:6400), no staining was observed 

in epithelial cells (nonmalignant or malignant) and stromal tissue was weakly -

moderately positive (not shown). 

Antigen retrieval using citric acid buffer followed by immunohistochemistry with high 

primary antibody concentrations (1:400 and 1:800) produced cytoplasmic 

immunoreactivity with a granular appearance in nonmalignant, hyperplastic and 

malignant cells (Figure 8-3C and D) . A proportion of basal cells (45%: 108 of 240 cell 

counted) were positively stained as were the nuclei of some malignant cells (31%: 74 

of 240 cells counted) that did not exhibit cytoplasmic immunoreactivity. At lower 

calponin antibody concentrations (1:1600 to 1:6400), the cytoplasm of nonmalignant 

and hyperplastic cells (both luminal and basal) were negative for calponin (not shown). 

In contrast, the cytoplasm of 8 5 % (204 of 240) of malignant cells was positive and 

nuclei were all negative (not shown). Stromal tissue was moderately stained. 

Comparable results were observed using EDTA antigen retrieval instead of citric acid. 

At high primary antibody concentrations (1:400 and 1:800), the cytoplasm of 

nonmalignant and hyperplastic cells was moderately immunoreactive with a mostly 

diffuse and occasionally granular appearance. Basal cells were also occasionally 

positively stained. The cytoplasm of most malignant cells was strongly immunoreactive 
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and nuclei were also occasionally positively stained (Figure 8-3E). Stromal cells were 

positive throughout the sections. At lower primary antibody concentrations (1:1600 and 

1:3200), the cytoplasm of nonmalignant and hyperplastic cells was weakly positive 

with diffuse staining and basal cells were negative. The cytoplasm of - 8 5 % (204 of 

240) malignant cells were positive and all nuclei were negative (Figure 8-3F). Again, 

stromal cells were strongly positive throughout the sections. Optimal 

immunohistochemical staining for calponin was observed using E D T A antigen retrieval 

and immunostaining sections with a primary antibody dilution of 1:6400. 

8.2.1.2.2 Immunohistochemical Staining of Prostate Tissues 

Thirty two radical prostatectomy specimens fixed in formalin were immunostained for 

calponin (section 3.8.3). Prostate specimens exhibited cytoplasmic immunoreactivity in 

nonmalignant and malignant epithelial cells and in the interglandular and peritumoral 

stroma. Staining was cytoplasmic in all positive cells and appeared granular in cells of 

epithelial origin and diffuse in stromal cells. Luminal and basal cells of nonmalignant 

glands were generally negative for calponin (Figure 8-4A), however a small proportion 

of luminal cells (<5%: 10 of 240 cells counted) displayed weakly positive staining (not 

shown). In contrast to nonmalignant epithelial cells, most malignant cells exhibited 

immunoreactivity for calponin (85%: 204 of 240 cells counted). Staining intensity 

ranged from strongly positive immunoreactivity (Figure 8-4B), which was evident in a 

minority of cases (12%) to weak immunoreactivity (Figure 8-4C), which represented 

the majority of specimens (84%). Foci of cancer cells that were not immunoreactive 

(4%) were also evident and were interspersed with the positive cells (Figure 8-4D). 

The majority of stromal cells were weakly to moderately stained for calponin (Figure 8-

4E). These cells were also positively stained for smooth muscle actin, indicating that 

they were smooth muscle cells (Figure 8-4F). 



Figure 8-3 Optimisation of calponin immunostaining. Radical prostatectomy 
specimens were immunostained with a calponin antibody using a range of 
dilutions from 1:400 to 1:6400. (A) At 1:400 primary antibody concentrations 
(with no antigen retrieval), normal and hyperplastic cells were weakly 
immunoreactive. (B) At 1:400 primary antibody concentrations (with no antigen 
retrieval), most malignant cells were also weakly immunoreactive. (C) At 1:400 
and 1:800 primary antibody concentrations (with citric acid antigen retrieval), 
most cell types were immunoreactive. (D) Also at 1:400 to 1:800 primary 
antibody concentrations (with citric acid antigen retrieval), most malignant cells 
were immunoreative. (E) At 1:400 to 1:800 primary antibody concentraions 
using E D T A antigen retrieval, the cytoplasm (and occasionally nuclei) of most 
malignant cells was immunoreactive for calponin. (F) At 1:1600 to 1:3200 
primary antibody concentrations (with E D T A antigen retrieval), most malignant 
cells were immunoreative and background staining was markedly reduced. Bar 
= 20 urn. 



Figure 8-4 Radical prostatectomy specimens immunostained for calponin. 
(A) Normal and hyperplastic cells were negative for calponin and stromal 
tissue was moderately positive. Using optimal conditions, occasional foci of 
malignant cells exhibited strong staining (B) and most malignant epithelial 
cells were weakly immunoreactive for calponin (C). (D) Malignant cells 
were occasionally negative. The majority of stromal cells were weakly to 
moderately positive for calponin (E) and these cells also stained positively 
for smooth muscle actin (F). Bar = 20 urn. 
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8.2.2 Tropomyosin-1 

8.2.2.1 Western blotting 

The differential expression and protein profiles of TM-1 were examined by western 

blotting (section 3.7) in proteins extracted from nonmalignant and malignant human 

prostate tissues (section 3.1.3.3). TM-1 (45 kD) was detected in both nonmalignant and 

malignant samples, although a markedly reduced signal was seen in all malignant 

specimens compared to nonmalignant specimens (Figure 8-5). TM-1 expression was 

not detected in the human prostate cancer cell lines DU145, PC-3 and L N C a P cells 

(results not shown). 

Two-dimensional electrophoresis and western blotting for TM-1 was performed for 

further resolution of TM-1 proteins present in prostate tissues. Proteins extracted from 

nonmalignant and malignant tissues (section 3.1.3.3) were focused (section 3.4.1) and 

electrophoresed (section 3.4.3). Following transfer to Hybond-C membranes, 

immunostaining was performed using anti-TM-1 as the primary antibody. TM-1 (45 

kD) was detected in all nonmalignant and malignant tissue samples examined and in 

agreement with ID western blotting, a weaker signal was detected in all malignant 

specimens compared to the nonmalignant tissues (Figure 8-6). 
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Figure 8-5 ID western blot of nonmalignant and malignant prostate tissues 
immunostained for TM-1. Proteins were electrophoresed in 12% 
polyacrylamide gels and following western transfer, membranes were 
immunostained with a T M 1 antibody. 

Lane: 
1. Biotinylated M W Markers 
2. Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 1 
3. Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 2 
4. Extract 1 (section 3.1.3.3) from malignant prostate sample 1 
5. Extract 1 (section 3.1.3.3) from malignant prostate sample 2 
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Figure 8-6 2D western blots of nonmalignant and malignant prostate 
tissues immunostained for TM-1. Proteins extracted from nonmalignant 
(A) and malignant (B) human prostate tissues were focused, 
electrophoresed in 16% polyacrylamide gels and transferred to 
Hybond-C membranes. Immunostaining was performed using an anti-
TM-1 antibody. 

Lane: 
M . Biotinylated M W Markers 
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8.2.2.2 Immunohistochemistry 

8.2.2.2.1 Antibody Optimisation 

Microwave antigen retrieval using E D T A or citric acid buffers (section 3.8.3.1) was 

performed to optimise TM-1 immunostaining on human prostate tissues. Sections with 

no antigen retrieval were also immunostained. After antigen retrieval, a series of 5 

dilutions of the TM-1 antibody (ranging from 1:200 to 1:3200) were examined (section 

3.8.3.2). 

With no antigen retrieval and at all primary antibody concentrations, no 

immunoreactivity was detected (not shown). Following citric acid antigen retrieval and 

immunohistochemical staining with high primary antibody concentrations (1:200 and 

1:400), stromal tissue was moderately positive for TM-1 and the basal lamina 

surrounding some nonmalignant and hyperplastic glands was weakly and occasionally 

positive (Figure 8-7A). Approximately 2 0 % of the malignant cells (50 of 240 cells 

counted) stained weakly positive with a granular appearance (Figure 8-7B). 

Markedly different results were seen when EDTA antigen retrieval was used instead of 

citric acid. At high primary antibody concentrations (1:200), the cytoplasm of 

malignant cells was moderately immunoreactive with a granular appearance (Figure 8-

7C). Stromal tissue was also strongly positive. The cytoplasm and nuclei of 

nonmalignant and hyperplastic cells (both luminal and basal) were negative (Figure 8-

7D) although the basal lamina were occasionally moderately positive (not shown). At 

weaker primary antibody concentrations (1:400 to 1:1600), the cytoplasm of malignant 

cells was weakly immunoreactive with a granular appearance (Figure 8-7E). Stromal 

tissue was also weakly positive. The cytoplasm and nuclei of nonmalignant and 

hyperplastic cells (both luminal and basal) displayed no immunoreactivity and again 

the basal lamina was occasionally weakly positive (not shown). N o immunoreactivity 

was detected at a primary antibody dilution of 1:3200. In view of these results, optimal 

staining for TM-1 was observed using E D T A antigen retrieval and immunostaining 

sections at a primary antibody dilution of 1:200. 

8.2.2.2.2 Immunohistochemical Staining of Prostate Tissue 

Thirty two radical prostatectomy specimens were immunostained using the TM-1 

antibody. Luminal and basal cells of nonmalignant and hyperplastic glands were 
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negative for TM-1 (not shown). The basal lamina surrounding nonmalignant and 

hyperplastic glands was positively stained in 20 of 32 cases (Figure 8-8A). Most 

malignant cells displayed no immunoreactivity for TM-1 (Figure 8-8B). However, 

immunoreactivity for TM-1 was seen in 9 of 32 cases examined. In 5 of the 9 that were 

immunoreactive, less than 4 0 % of cells (92 of 240 cells counted) were weakly stained. 

Three of the 9 cases were moderately stained (40 - 60%: 95 to 145 cells counted) and a 

single case displayed strong immunoreactivity (90%: 216 of 240 cells) (Figure 8-8C 

and 8-8D). 

Prostate specimens exhibited TM-1 immunoreactivity in the interglandular and 

peritumoral stroma (Figure 8-8E). These cells were also positively stained for smooth 

muscle actin, indicating that they were smooth muscle cells (Figure 8-8F). All negative 

controls were negative (data not shown). 
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Figure 8-7 Optimisation of TM-1 immunostaining. Radical prostatectomy 
specimens were immunostained with a TM-1 antibody using a range of 
dilutions from 1:400 to 1:6400. (A) Using citric acid microwave antigen 
retrieval and 1:200 to 1:400 primary antibody concentrations, stromal tissue 
and basal lamina were moderately immunoreactive with TM-1. In addition, 
normal and hyperplastic epithelial cells were negative. (B) In contrast, 
malignant cells were occasionally weakly immunoreactive with a granular 
appearance. (C) At 1:200 primary antibody concentrations (using E D T A 
microwave antigen retrieval), cytoplasm of malignant cells was occasionally 
moderately immunoreactive with a granular appearance. (D) The cytoplasm 
and nuclei of normal and hyperplastic cells (both luminal and basal) were 
negative for TM-1. (E) At 1:400 to 1:1600 primary antibody concentrations 
(using E D T A microwave antigen retrieval), cytoplasm of malignant cells was 
occasionally weakly immunoreactive. Bar = 20 u\m. 
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Figure 8-8 Radical prostatectomy specimens immunostained for 
TM-1. Using optimal conditions, the basal lamina surrounding 
normal and hyperplastic glands (arrow) were positive in 20 of 32 
cases examined (A). (B) Malignant cells were mostly negative for 
TM-1 although occasional moderate immunoreactivity was seen (C). 
(D) A single case exhibited strong immunoreactivity in over 9 0 % 
malignant cells. The majority of stromal cells were weakly to 
moderately positive for TM-1 (E) and these cells also stained 
positively for smooth muscle actin (F). Bar = 20 um. 
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Calponin and TM-1 are two muscle proteins that were identified with reduced expression 

levels in malignant prostate tissues in the original proteomics analysis. Calponin 

expression had not been characterised previously in human prostate tissues. However 

several studies have reported reduced expression of TM-1 in malignant prostate tissues 

compared to nonmalignant tissues. To confirm the altered expression of these proteins and 

examine their profiles in human prostate tissues, one- and two-dimensional western 

blotting for calponin and TM-1 was performed. In addition, immunohistochemical analysis 

of human prostate specimens was carried out to determine the tissue distribution of these 

proteins. 

In agreement with the original proteomics result, calponin was detected in both 

nonmalignant and malignant tissues using one-dimensional western blotting and a weaker 

signal was detected in malignant specimens compared to nonmalignant specimens. 

Calponin has been purified from avian gizzard (Takahashi et al, 1986; Winder & Walsh, 

1990), bovine aorta (Abe et al, 1990), sheep aorta (Marston, 1991) and porcine stomach 

(Vancompernolle et al, 1990) and identified by immunoblotting in several other bovine 

(Takahashi et al, 1987) and human tissues (Draeger et al, 1991). A number of studies 

using a range of tissues and cells have identified calponin as a 34 - 35 k D protein using 

one-dimensional western blotting (Agassandian et al, 2000; Draeger et al, 1991; Horiuchi 

et al, 1999; Menice et al, 1997) which correlates with the molecular size of calponin 

identified in this study. 

Two-dimensional western blotting detected an acidic and basic 33 kD protein in most 

nonmalignant samples examined. In addition, an acidic 52 k D protein was detected in all 

nonmalignant specimens and was absent from all malignant tissues. In comparison to 

nonmalignant tissues, a weaker signal of the acidic 33 k D protein was detected in 

malignant specimens. These data correlated with the proteomics result and confirmed 

overall reduced signal of calponin in malignant tissues compared to nonmalignant. 

Whether the acidic protein detected using the calponin antibody represents an acidic form 

of calponin or unresolved calponin that has precipitated at the cathode is yet to be 
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elucidated. The presence of acidic calponin in prostate tissues has not been reported 

previously and its role and significance are unknown. Most studies using two-dimensional 

western blotting have presented calponin as a basic protein with a molecular size between 

30 - 36 k D (Agassandian et al, 2000; Winder & Walsh, 1996). However, acidic and basic 

calponin have been detected (with a similar profile to that detected in human prostate 

tissues) in rat brain and gizzard tissues (Trabelsi-Terzidis et al, 1995). This provides some 

evidence that the acidic protein detected in nonmalignant specimens may be acidic 

calponin. 

A study examining the effect of pH on electrophoretic migration of calponin, demonstrated 

that high molecular weight forms (70 k D and 97 kD) are present at a basic p H (Applegate 

et al, 1994) whereas under denaturing conditions, a 34 k D form was detected in addition 

to a less reactive 70 k D form in rat cerebral tissues (Trabelsi-Terzidis et al, 1995). 

Identification of the 70 k D form is yet to be elucidated but is thought to be a calponin-like 

protein. Similarly, identification of the 52 k D protein detected in the current study is yet to 

be determined. The detection of these high molecular weight forms of calponin provides 

evidence that this protein may exist in multiple forms as shown by polyacrylamide gel 

electrophoresis. Calponin was also detected (at high levels) in the serum from patients with 

and without prostate cancer and due to the stromal nature of calponin, this was a surprising 

result. As most literature describing calponin suggests it is primarily a muscle protein, the 

functional significance of serum calponin is unknown. 

Similar to NEDD8, stringent immunohistochemical optimisation was required as calponin 

had not been detected previously in human prostate tissues. Luminal and basal cells of 

nonmalignant glands were generally negative for calponin, however a small proportion 

displayed weakly positive staining. In contrast, most malignant cells exhibited 

immunoreactivity for calponin. As expected, the stromal tissue was diffusely and 

consistently stained throughout the specimens. The role of calponin in non muscle cells has 

not been widely investigated and therefore the role of this protein in human prostate tissues 

is unknown. 

The original proteomics analysis and one- and two-dimensional western blotting 

demonstrated reduced levels of calponin in malignant prostate tissues compared to 
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nonmalignant prostate tissues. In contrast, immunohistochemical analysis revealed 

localisation of calponin in prostate cancer cells and stromal cells but not in nonmalignant 

epithelial cells. Immunohistochemical studies suggested that the increased level of 

calponin in nonmalignant tissues (observed in western blots) may be due to increased 

amounts of stroma surrounding the nonmalignant glands as compared to malignant prostate 

tissues as calponin was present in a proportion of tumour cells and in the sparse 

peritumoral stroma. 

The function of TM-1 in non-muscle cells is poorly understood and although not widely 

studied, recent investigations have confirmed reduced levels of this protein in malignant 

prostate tissues compared to nonmalignant tissues which correlate well with the data 

presented in this chapter (Alaiya et al, 2001; Porkka & Visakorpi, 2001). The apparent 

molecular weight of the excised protein from the original proteomics analysis was 45 kD, 

however the theoretical molecular weight of TM-1 is 32 kD. The discrepancy between the 

theoretical and experimental molecular weights may be explained in part by post-

translational modifications with the presence of one c A M P - and cGMP-dependent protein 

kinase phosphorylation site (Glass et al, 1986), 5 protein kinase C phosphorylation sites 

(Woodgett et al, 1986) and 10 casein kinase II phosphorylation sites in the TM-1 protein 

(as determined using the PeptideMass tool in Expasy) (Pinna, 1990). 

TM-1 was detected in both nonmalignant and malignant samples using one- and two-

dimensional electrophoresis, although a markedly reduced signal was seen in all malignant 

specimens compared to nonmalignant specimens. A recent study also demonstrated a 

reduced level of TM-1 in malignant prostate tissues compared to nonmalignant prostate 

tissues (Alaiya et al, 2001). A similar protein profile for TM-1 was presented in studies 

using two-dimensional western blotting and chicken embryo fibroblasts cells, human 

bladder carcinoma cells and NIH3T3 cells correlating with the data presented in this 

chapter (Bhattacharya et al, 1988; Lin et al, 1988). 

Immunohistochemical analysis revealed that nonmalignant and hyperplastic glands were 

negative for TM-1 despite basal lamini surrounding these glands staining positively in 

most cases. Most malignant cells displayed no immunoreactivity for TM-1 although a 

small proportion displayed variable immunoreactivity. As expected, prostate specimens 
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exhibited homogeneous positive staining for TM-1 in the interglandular and peritumoral 

stroma. These findings indicate that although TM-1 appears to be differentially expressed 

in nonmalignant and malignant prostate tissues according to the proteomics results, this 

apparent differential expression may be explained by the increased proportion of stromal 

tissue in nonmalignant prostate specimens as compared to the malignant specimens. At 

present, the significance of TM-1 expression in a small proportion of the cancers is 

unknown. 

Several studies have investigated TM expression in breast and prostate cancer cell lines 

(Bhattacharya et al, 1990; W a n g et al, 1996). Using an m R N A differential display 

technique, northern blotting and in situ hybridisation, W a n g et al confirmed the down-

regulation of T M in human prostate cancer specimens and prostate cell lines (Wang et al, 

1996). It was proposed that suppression of TM-1 expression is a characteristic feature of 

cells transformed by diverse oncogenic modalities, suggesting that loss of expression of 

this protein is an important and central biochemical change of neoplastic transformation 

(Bhattacharya et al, 1990; W a n g et al, 1996). 

Together with previous findings, results from the current study confirm that TM-1 is 

differentially expressed in nonmalignant and malignant prostate tissues. Whether the 

reduced expression in malignant tissues reflects altered stromal cell composition between 

nonmalignant and malignant tissues or in fact represents altered expression is yet to be 

determined. 



CHAPTER 9 
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9.0 PROSTATE SECRETORY PROTEIN 94 and GLYOXALASE I 

9.1 INTRODUCTION 

Several other proteins were identified with reduced levels in malignant as compared to 

nonmalignant tissues using proteomics. T w o further proteins investigated in this thesis 

were PSP94 and glyoxalase I. 

9.1.1 Prostate Secretory Protein 94 

9.1.1.1 Protein Properties 

Human PSP94 is one of three most abundantly secreted proteins of the prostate along 

with P S A and P A P (Xuan et al, 1997b). This protein has a theoretical molecular 

weight of 10.7 k D and is a single polypeptide chain without a carbohydrate moiety 

(Xuan et al, 1997a). PSP94 is highly charged, cysteine-rich and devoid of alanine 

(Baijal-Guptaefa/., 1996; Xuan etal, 1997a; Xuan etal, 1997b). 

In addition to being found in high concentrations in human seminal plasma (Liang et 

al, 1991; Lilja & Abrahamsson, 1988), PSP94 is also present in a variety of other body 

fluids and tissues including acini of breast, bile ducts of liver, and other broncho-

thoracic, gastric and genitourinary secretory epithelia (Johansson et al, 1984; 

Kharbanda et al, 1991; Ohkubo et al, 1995; Sheth et al, 1982; Weiber et al, 1990). 

PSP94 has also been detected in the epithelium of the fallopian tubes, uterine cervix, 

ovarian, breast, endometrium and endometrial follicular secretions (Baijal-Gupta et al, 

2000; Teni et al, 1992; von der Kammer et al, 1990; Weiber et al, 1990). 

The amino acid sequence of PSP94 (Akiyama et al, 1985; Johansson et al, 1984; 

Seidah et al, 1984) as well as its c D N A sequence (Mbikay et al, 1987) have been 

reported. This protein is synthesised as a precursor molecule of 114 amino acids with a 

20 amino acid signal sequence, which is cleaved to yield a 94 amino-acid mature 

protein (Mbikay et al, 1987). The structure of PSP94 gene and the encoded mature 

protein have both been extensively studied in humans (Akiyama et al, 1985; Green et 

al, 1990; Mbikay et al, 1987; Ochiai et al, 1995; Seidah et al, 1984; Ulvsback et al, 

1989) and in the pig and rat (Fernlund et al, 1996; Fernlund et al, 1994). Alternative 

splicing of PSP94 m R N A in prostate tumour tissue (Xuan et al, 1995) and the 
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promoter region responsible for cell-specific expression (Ochiai et al, 1995) have also 

been characterised. 

9.1.1.2 Function 

The biological function of PSP94 is still unknown, although several hypotheses have 

been reported (Kharbanda et al, 1991; Maeda et al, 1993; Teni et al, 1988a). Due to 

its expression in secretory tissues, it has been proposed that PSP94 may function as a 

mucosal surface protein (Dube et al, 1987a; Fernlund et al, 1996; Weiber et al, 1990) 

although different names have been assigned to the protein depending on its purported 

functions. PSP94 was first suggested to have an inhibin-like activity and was called PIP 

(prostatic inhibin protein) or {3-inhibin. PIP was suggested to have an inhibitory effect 

on the release of p-FSH (follicle stimulating hormone) from the pituitary gland (Garde 

et al, 1993; Garde et al, 1991; Lokeshwar et al, 1993; Teni et al, 1988b). However, 

this has been convincingly disputed (Gordon et al, 1987; Kohan et al, 1986). 

(3-microseminoprotein ((3-MSP) is another name for PSP94 (Chao et al, 1996; Green et 

al, 1990; Ulvsback et al, 1989) and it refers to the potential role of the protein as a 

sperm motility inhibitor. PSP94 has also been called IGBF (immunoglobulin-binding 

factor) (Liang et al, 1991) for its possible role in male semen as the 

immunosuppressive factor of B cells in the female genital tract (Maeda et al, 1993). 

Over the past 10 years, several research groups have evaluated PSP94 as a prognostic 

marker for prostate cancer (Dube et al, 1987a; Garde et al, 1993; Lokeshwar et al, 

1993; Tremblay et al, 1987; Ulvsback et al, 1989; von der Kammer et al, 1990; 

Weiber et al, 1990; Wright et al, 1990). Most reports have shown that its expression is 

reduced in prostate cancer tissues (Abrahamsson et al, 1988; Doctor et al, 1986; Dube 

et al, 1987b; Hyakutake et al, 1993; Liu et al, 1993; Tsurusaki et al, 1998). In 

contrast, PSP94 serum levels are higher in patients with prostate cancer (Abrahamsson 

et al, 1988; Brar et al, 1988; Doctor et al, 1986; Dube et al, 1987a; Huang et al, 

1993; Huang et al, 1992; Teni et al, 1989; Tremblay et al, 1987; Vaze et al, 1979). 

Recently, Sakai and coworkers demonstrated by in situ hybridisation that the m R N A 

levels of PSP94 could be used as an independent predictive indicator of survival in 

patients with advanced and metastatic prostate cancer following endocrine therapy 

(Sakai et al, 1999). Despite extensive research, conflicting results have prevented the 
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clinical use of this protein as a prognostic or predictive marker (von der Kammer et al, 

1991). 

At the paracrine or autocrine level, PSP94, synthesised directly by prostate tissue, may 

inhibit prostatic tissue growth (Garde et al, 1993; Lokeshwar et al, 1993; Mundle & 

Sheth, 1993; Sheth et al, 1988). Studies have shown enhanced apoptosis in rat prostate 

exposed to increasing concentrations of exogenous PSP94. Several studies have 

reported that PSP94 may represent a novel and potentially nontoxic form of therapy for 

hormone-independent prostate cancer (Mundle & Sheth, 1993). However, other 

investigators have reported that PSP94 failed to inhibit (3-FSH-stimulated prostate 

cancer cell growth (Gordon et al, 1987; Kohan et al, 1986). 

9.1.2 Glyoxalase I 

9.1.2.1 Enzyme Properties 

Glyoxalase I is a Zn2 + metalloenzyme that catalyses the first of two enzymatic steps in 

the conversion of methylglyoxal to S-D-lactoylglutathione by way of the glyoxalase 

system, which uses glutathione as a cofactor (Figure 9.1) (Cameron et al, 1999; 

Rosevear et al, 1983; Sellin et al, 1982a; Sellin et al, 1982b). S-D-lactoylglutathione 

is in turn hydrolysed by glyoxalase II to D-lactate. The physiological substrate, 

methylglyoxal is mainly produced from dihydroxyacetone phosphate and 

glyceraldehyde 3-phosphate during glycolysis, but the substrate can also be formed 

from aminoacetone and hydroxyacetone in the catabolism of threonine and acetone 

(Ray & Ray, 1983; Reichard et al, 1986). Sequence comparisons indicate that the 

enzyme is a member of the metalloglutathione transferase superfamily, which includes 

the M n 2 + dependent epoxide hydrolases FosA and FosB and the Fe2+ dependent 

oestradiol dioxygenases (Thornalley, 1993; Vander Jagt, 1989). 

Methylglyoxal 

G S H 

D-Lactic Acid 

- Glyoxalase 1 . 

Glyoxalase II ' 

S-D-Lactoylglutathione 

Figure 9-1 The glyoxalase pathway (Thornalley, 1990). 
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Glyoxalase I has been found in a wide variety of species, such as mammals, 

prokaryotes and plants (Deswal et al, 1993; Marmstal et al, 1979). Glyoxalase I is 

expressed in most tissues (Jerzykowski et al, 1978; Larsen et al, 1985) and is present 

in many tumour cell lines, in which its concentration often is upregulated (Castro et al, 

1990). 

The molecular mass of glyoxalase I from different species varies between 20 and 48 kD 

(Thornalley, 1993). The enzyme from yeast and bacteria appears to be monomeric, 

while the human enzyme is a dimer of 21 k D subunits (Cameron et al, 1997). Each 

subunit of the mammalian enzyme has a Zn2 + bound at the active site (Aronsson et al, 

1978). H u m a n glyoxalase I is an acidic protein with an isoelectric point of 4.8 - 5.1 

(Aronsson et al, 1979). 

9.1.2.2 Function 

The glyoxalase system is essential in all organisms and has been implicated in control 

of cell growth, detoxification of oc-oxoaldehydes, assembly of microtubules and a 

bypass for the triosephosphate conversion to pyruvate section in the Embden-Meyerhof 

pathway (Cameron et al, 1997; Gillespie, 1979; Ridderstrom et al, 1998; Szent-

Gyorgyi, 1965). Furthermore, modulation of its activity may be relevant to both cancer 

and diabetes (Cameron et al, 1997). 

In addition to its removal of methylglyoxal from cells, the observation that tumour cells 

are sensitive to the cytotoxic effects of extracellular methylglyoxal suggest that 

glyoxalase I may be used as an anti-cancer agent by inducing elevated levels of 

intracellular methylglyoxal (Mannervik, 1980; Richard, 1991; Sellin et al, 1982a; 

Thornalley, 1990; Thornalley, 1993). Vince and Daluge were the first to suggest that 

inhibitors of glyoxalase I might function as anti-tumour agents by inducing elevated 

levels of methylglyoxal in cells (Vince & Daluge, 1971). In support of this, Lo and 

Thornalley demonstrated that the competitive glyoxalase I inhibitor, S-p-

bromobenzylglutathione, was toxic to human leukemia 60 (HL60) cells in vitro (Lo & 

Thornalley, 1992). 

Both increased and decreased glyoxalase I activity and expression have been 

documented in various human malignancies, including colon (Ranganathan & Tew, 

1993), lung (Di Ilio et al, 1987), bladder (Di Ilio et al, 1993), renal (Di llio et al, 
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1993) and prostate carcinomas (Davidson et al, 1999; Samadi et al, 2001). In addition, 

Ranganathan et al. reported that the glyoxalase I transfected NIH3T3 cells developed 

increased drug resistance to mitomycin C and adriamycin, which have been shown to 

be ineffective against prostate cancer cells (Laurie et al, 1992; Ranganathan et al, 

1995). This finding suggests that glyoxalase I may also play a critical role in 

detoxification of certain chemotherapeutic drugs currently used in the treatment of 

prostate cancer. 

Davidson and coworkers reported a significantly higher activity of glyoxalase I in 

tissues from patients with prostate cancer compared to those without (Davidson et al, 

1999). They proposed that this m a y account for greater detoxification required for the 

increased production of toxic metabolites during malignancy. Glyoxalase I may play a 

life sustaining role as a vital detoxifying enzyme in survival of prostate cancer cells 

against cytotoxic insults. The same group demonstrated that the glyoxalase I activity in 

prostate cancer specimens from patients treated with leuprolide was significantly lower 

compared to the untreated samples (Davidson et al, 1999). It was hypothesised that 

this may be due to reduced cellular metabolic activity caused by androgen ablation. 



9.2 RESULTS 

163 

9.2.1 PSP94 

9.2.1.1 Western blotting 

The differential expression and protein profile of PSP94 was examined by western blotting 

(section 3.7) in proteins extracted from nonmalignant and malignant prostate tissues 

(section 3.1.3.3). PSP94 was detected as an 18 k D band in all nonmalignant and malignant 

samples (Figure 9-2A). In agreement with the original proteomics result (Chapter 5), the 

signal was weaker in all malignant specimens compared to the nonmalignant. 

Although research has been performed to elucidate the expression of PSP94 in human 

prostate tissues and in serum from patients with and without prostate cancer, lack of 

consistency in reports from the literature demonstrates a need for further investigation (Wu 

et al, 1999). In order to compare prostate and serum PSP94 proteins, serum from a patient 

with prostate cancer and 2 patients without prostate cancer were examined by western 

blotting (section 3.7). PSP94 (18 kD) was detected in all samples analysed (Figure 9-2B). 

However, a weaker signal was detected in the serum sample from the patient with prostate 

cancer compared to serum from patients without prostate cancer. Similarly, a markedly 

weaker signal was visualised in all malignant samples compared to nonmalignant samples. 

Two-dimensional electrophoresis and western blotting were performed for further 

resolution of PSP94 protein forms in prostate tissues. Proteins extracted from 

nonmalignant and malignant prostate tissues were loaded onto 7 c m non-linear pI3 - 10 

IPG strips, focused (section 3.4.1) and electrophoresed (section 3.4.3). Following western 

transfer (section 3.7.1), immunostaining was performed using anti-PSP94 as the primary 

antibody (section 3.7.3). Three protein forms of PSP94 were detected in all 11 

nonmalignant specimens examined, each at 18 k D (Figure 9-3A). The pi of each of these 

protein isoforms differed slightly being 4.5, 5 and 6. In contrast, a single PSP94 protein 

isoform at 18 kD/pI 5 was detected with a slightly weaker signal in 6 of the 8 malignant 

cases examined (Figure 9-3B). N o signal was detected in the remaining 2 malignant 

specimens (results not shown). 
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Figure 9-2 ID western blotting for PSP94 in serum and nonmalignant and malignant 

prostate tissues. Proteins were electrophoresed in 1 6 % polyacrylamide gels, 

transferred to Hybond-C membranes and immunostained with a PSP94 antibody. 

Lane: 
1. 
2. 
3. 
4. 
5. 
6. 

Biotinylated M W Markers 
Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 1 
Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 2 
Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 3 
Extract 1 (section 3.1.3.3) from malignant prostate sample 1 
Extract 1 (section 3.1.3.3) from malignant prostate sample 2 

B Lane: 
1. Biotinylated M W Markers 
2. Serum from patient with prostate cancer 
3. Extract 1 (section 3.1.3.3) from nonmalignant prostate tissue sample 1 
4. Extract l(section 3.1.3.3) from nonmalignant prostate tissue sample 2 
5. Extract l(section 3.1.3.3) from malignant prostate tissue sample 1 
6. Extract l(section 3.1.3.3) from malignant prostate tissue sample 2 
7. Serum from healthy patient (sample 1) 
8. Serum from healthy patient (sample 2) 
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Figure 9-3 2D western blots of nonmalignant and malignant prostate 
tissues immunostained for PSP94. Proteins extracted from 
nonmalignant (A) and malignant (B) human prostate tissues were 
focused, electrophoresed in 16% polyacrylamide gels and transferred to 
Hybond-C membranes. Membranes were then immunostained using an 
anti-PSP94 antibody. 

Lane: 
M. Biotinylated M W Markers 
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9.2.1.2 Immunohistochemistry 

9.2.1.2.1 Antibody Optimisation 

Prostate specimens were immunostained for PSP94 following proteinase K antigen 

retrieval for 7 minutes at 50°C (section 3.8.3). This method yielded high background levels 

at the recommended primary antibody dilution of 1:100 (Figure 9-4A). The cytoplasm of 

all nonmalignant and malignant cells were moderately positively stained. Subsequently, 

antigen retrieval was omitted and immediately following endogenous peroxidase blocking, 

sections were also blocked in foetal calf serum overnight in a humid chamber at 4°C. The 

primary antibody diluted 1:100, was applied to each section then incubated overnight in a 

humid chamber at 4°C. Markedly improved results were observed under these conditions. 

Background staining was minimal and stromal tissue was negative (Figure 9-4B). The 

cytoplasm (and occasionally the nuclei) were stained positively in most nonmalignant cells 

(90%: 218 of 240 cells counted) and was diffuse in nature (Figure 9-4B). Most malignant 

cells were not immunoreactive (not shown). 

9.2.1.2.2 Immunohistochemical Staining of Prostate Tissue 

Once immunohistochemical conditions were optimised, 17 radical prostatectomy 

specimens fixed in gluteraldehyde were immunostained for PSP94 (section 3.8.3). PSP94 

immunoreactivity was identified in the cytoplasm of nonmalignant and malignant 

epithelial cells from radical prostatectomy specimens. Staining was cytoplasmic and 

occasionally nuclear in positively stained cells (5%: 13 of 240). In addition, staining 

appeared diffuse in cells of epithelial origin. Luminal cells of nonmalignant and 

hyperplastic glands were generally positive for PSP94 (Figure 9-5A), however a small 

proportion (<10%: 21 of 240 cells counted) were negative (not shown). Basal cells were 

negative. Most malignant cells (60%: 144 of 240) were not stained (Figure 9-5B) with the 

remaining 4 0 % (96 of 240) displaying a range of weak to moderate immunoreactivity 

(Figure 9-5 C). Interglandular and peritumoral stromal cells were not immunoreactive for 

PSP94. 
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Figure 9-4 Optimisation of PSP94 immunostaining. Radical prostatectomy 
specimens were immunostained with PSP94 antibody at 1:100. (A) Radical 
prostatectomy specimen treated with proteinase K and immunostained with 
anti-PSP94. High background staining was evident throughout the section. 
(B) With no antigen retrieval, nonspecific staining was reduced and PSP94 
immunoreactivity was restricted to epithelial cells in nonmalignant 
specimens. Bar = 20 (im. 
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Figure 9-5 Radical prostatectomy specimens immunostained for PSP94. (A) 
Luminal cells of nonmalignant and hyperplastic glands were generally 
positive for PSP94. (B) Most malignant cells were not immunoreactive for 
PSP94, however foci of malignant epithelial cells within specimens 
occasionally displayed moderate immunoreactivity (C). Bar = 20 urn. 
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9.2.2 Glyoxalase I 

The differential expression and protein profile of glyoxalase I was examined by western 

blotting (section 3.7) of proteins extracted from nonmalignant and malignant human 

prostate tissues (section 3.1.3.3) as well as a glyoxalase I standard. Proteins were 

electrophoresed (section 3.3), transferred (section 3.7.1) and immunostained using anti-

glyoxalase I as the primary antibody (section 3.7.3). T w o proteins with approximate 

molecular weights of 50 k D and 18 k D were detected in both the unboiled glyoxalase I 

standard and the nonmalignant prostate sample (Figure 9-6A). In comparison, a single 50 -

60 k D protein was detected in the boiled glyoxalase I standard. A -50 k D protein was 

detected in both nonmalignant and malignant tissues although a weaker signal was seen in 

malignant specimens compared to the nonmalignant. In addition, a glyoxalase I 

immunoreactive protein of 18 k D was also detected in nonmalignant tissues only (Figure 

9-6B). 

Two-dimensional electrophoresis and western blotting for glyoxalase I were performed for 

further resolution of glyoxalase I protein forms in prostate tissues. Proteins extracted from 

nonmalignant and malignant prostate tissues were loaded into 7 c m non-linear p!3 -10 IPG 

strips, focused (section 3.4.1) and electrophoresed (section 3.4.3). Following western 

transfer (section 3.7.1), immunostaining was performed using anti-glyoxalase I as the 

primary antibody (section 3.7.3). In agreement with the ID western blotting, glyoxalase I 

(18 kD) was detected in all nonmalignant tissues examined (Figure 9-7A). In addition, a 

-50 k D protein was detected in both nonmalignant and malignant tissues although a 

weaker signal was seen in the malignant tissues compared to the nonmalignant (Figure 9-

7A, B). 
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Figure 9-6 ID western blotting for glyoxalase I. Proteins were electrophoresed 

in 1 6 % polyacrylamide gels, transferred to Hybond-C membranes and 

immunostained with a glyoxalase antibody. 

Lane: 
1. 
2. 
3. 
4. 

Biotinylated M W Markers 
Unboiled glyoxalase I standard 
Boiled glyoxalase I standard 
Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 

B Lane: 
1. 
2. 
3. 
4. 
5. 
6. 

Biotinylated M W Markers 
Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 1 
Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 2 
Extract 1 (section 3.1.3.3) from nonmalignant prostate sample 3 
Extract 1 (section 3.1.3.3) from malignant prostate sample 1 
Extract 1 (section 3.1.3.3) from malignant prostate sample 2 
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Figure 9-7 2D western blots of nonmalignant and malignant prostate 
tissues immunostained for glyoxalase I. Proteins extracted from 
nonmalignant (A) and malignant (B) human prostate tissues were 
focused, electrophoresed in 16% polyacrylamide gels and transferred to 
Hybond-C membranes, then immunostained using an anti-glyoxalase I 
antibody. 

Lane: 
M. Biotinylated M W Markers 
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As already described, a range of proteins with altered expression levels between 

nonmalignant and malignant tissues were identified using proteomics. Both PSP94 and 

glyoxalase I were present in nonmalignant tissues and absent from malignant tissues 

according to the original proteomic analysis. To confirm this result and examine the 

profiles of these proteins, one- and two-dimensional western blotting was performed. In 

addition, further immunohistochemical analysis of PSP94 was performed as the expression 

and use of this protein as a diagnostic marker has been questioned in the literature (Wu et 

al, 1999). 

Although the theoretical molecular weight of PSP94 is 10.7 kD, this protein generally 

appears larger on S D S - P A G E and gel chromatography (Dube et al, 1987a; Lilja & 

Abrahamsson, 1988; Seidah et al, 1984). This was confirmed by the data presented in this 

study with PSP94 detected as an 18 k D protein. The most likely explanation for the 

varying molecular size of this protein is the high content of carbohydrate side chains. 

Antibodies to the PSP94 protein are not commercially available. However, both polyclonal 

and monoclonal antibodies have been developed by several research laboratories (Dube et 

al, 1987a; Huang et al, 1993; Vaze et al, 1979; von der Kammer et al, 1990; Wright & 

Shay, 1992). Using one-dimensional western blotting, PSP94 was detected in all 

nonmalignant and malignant samples. In agreement with the original proteomics result, the 

signal was weaker in malignant specimens compared to nonmalignant specimens. 

PSP94 has been identified in all lobes of rat prostate glands with the most abundant 

expression detected in the lateral lobes (Kwong et al, 1999). Since most rat prostatic 

dysplasia induced by steroid hormone treatment occurs only in dorsolateral prostate, a 

potential role of this protein in prostate targeting and prostate cancer development is 

suggested (Kwong et al, 1999). A similar role in human prostate tissues for PSP94 is yet 

to be determined. 

PSP94 is purported to have potential as a diagnostic biomarker and as a therapeutic agent 

(Garde et al, 1993; Garde et al, 1991; Lokeshwar et al, 1993; Mundle & Sheth, 1993), 

therefore the profile of this protein was examined using serum from patients with and 

without prostate cancer. PSP94 was detected in all samples analysed, although a weaker 
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signal was detected in the serum from the patients with prostate cancer compared to serum 

from patients without prostate cancer. Although not agreeing with the results presented in 

this study and that of von der Kammer et al. (von der Kammer et al, 1993), some studies 

have demonstrated that PSP94 is elevated in the serum of patients with prostate cancer 

(Dube et al, 1987a; Huang et al, 1993; Liu et al, 1995; Maeda et al, 1993; W u et al, 

1999). In view of this and the fact that very few serum samples were used in this study, 

further analysis is required. 

It has been shown that, as with PSA, serum PSP94 exists in two forms, free and bound, 

with the majority being in the bound form (Wu et al, 1999). Recently, three binding 

proteins (180, 100 and 60 kD) complexed with PSP94 were visualised in denaturing SDS-

P A G E gels using prostate cancer cell line extracts (LNCaP, PC-3) and rat prostate tissues 

(Yang et al, 1998). The identity of these proteins has not been elucidated and were not 

detected in this study. The most likely explanation for these proteins not being detected in 

this study is the use of highly denaturing conditions which may have broken weakly bound 

protein complexes preventing their detection. In addition, human tissues were used in this 

study whereas cell lines and rat prostate tissues were used in the studies reporting the 

presence of the binding proteins. Therefore, due to different tissue and cell physiology, it is 

possible that the proteins binding to PSP94 in cell lines and rat tissues may either form 

SDS-sensitive complexes with PSP94 or may actually not be present in human prostate 

tissues. 

PSP94 had not been analysed previously in human prostate tissues using two-dimensional 

western blotting. Using this approach, three protein forms of PSP94 were detected in all 

nonmalignant specimens examined. In contrast, a single PSP94 protein form with a 

molecular size of 15 k D and an isoelectric point of 5 was detected with a weaker signal in 

prostatic fluid specimens from most patients with prostate cancer and was undetectable in a 

few samples (Carter & Resnick, 1982). Various forms of PSP94 were also detected in 

malignant prostate specimens using radio-immunoassays (RIA) (Tremblay et al, 1987; 

Vaze et al, 1979), and enzyme immunoassays (Huang et al, 1992; Teni et al, 1989; von 

der Kammer et al, 1990). Currently, identification of proteins known to complex to PSP94 

are yet to be elucidated. However, it is possible that these forms may be proteases or other 

enzymes binding to PSP94 in a similar process to A C T binding to PSA. 
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Using immunohistochemical analysis, PSP94 was identified in most nonmalignant and a 

proportion of malignant cells (60% of the malignant cells were negative). As with P S A and 

PAP, PSP94 has been localised previously in prostatic epithelial cells by 

immunohistochemistry, although the expression of this protein varies greatly between 

reports (Abrahamsson et al, 1988; Doctor et al, 1986; Dube et al, 1987b; Imasato et al, 

2000). Most studies detect stronger signals of PSP94 in nonmalignant prostate tissues 

compared to malignant tissues which agrees with the results presented in this chapter 

(Abrahamsson et al, 1988; Doctor et al, 1986; Dube et al, 1987b; Hyakutake et al, 1993; 

Tsurusaki et al, 1998). 

The glandular ducts of the prostate usually provide efficient barriers to prevent the escape 

of high concentrations of prostate secretory proteins into the general circulation (Wu et al, 

1999). Both P S A and PSP94 can leak from the prostate glandular ducts into the circulation 

at detectable concentrations. Most studies detect an elevated level of PSP94 in the serum of 

patients with prostate cancer indicating irregular or erratic control of the secretion of 

prostate cancer cells, as well as defective or less efficient tissue barriers (Dube et al, 

1987a; Huang et al, 1993; Liu et al, 1995; Maeda et al, 1993; W u et al, 1999). It has 

been hypothesised that the similar, wide tissue distribution of P S A and PSP94 in secretory 

tissues and their similar means of escape from prostate secretory ducts into the general 

circulation suggest a similar control mechanism of secretion of these two proteins (Wu et 

al, 1999). 

Glyoxalase I was the last protein analysed in this study. Using both one- and two-

dimensional western blotting, this enzyme was detected in nonmalignant tissues only. In 

addition, a 50 k D protein was detected in both nonmalignant and malignant tissues 

although a weaker signal was seen in malignant specimens compared to the nonmalignant. 

The identity of the 50 k D protein was not determined but the nature of glyoxalase I 

suggests that the 50 k D protein is not representative of glyoxalase I complexed to another 

protein. Alternatively, various isoforms of glyoxalase I have been reported in human 

prostate tissues and red blood cells with molecular sizes ranging between 25 - 15 k D 

(Samadi et al, 2001). In view of this, the 50 k D protein may represent a high molecular 

weight form of this enzyme. 
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Early analysis reported that the activity of glyoxalase I in tumour tissues was higher, lower 

or similar to the activity in the corresponding non-tumour tissues (Thornalley, 1990). 

Jerzykowski and coworkers documented that glyoxalase I was absent or reduced in 

malignant tissues compared to nonmalignant (Jerzykowski et al, 1978). Elevated levels of 

glyoxalase I have been detected in human colon tumours also conflicting to the results 

presented in this study (Ranganathan & Tew, 1993). In addition, increased activity of 

glyoxalase I in proliferating tissues such as embryonic (McLellan & Thornalley, 1989; 

Principato et al, 1982) and regenerating liver (Principato et al, 1983) suggests a function 

during cell growth. 

Conflicting with the data presented in this thesis, two groups have demonstrated a 

significantly higher activity of glyoxalase I in malignant prostate tissues compared to 

nonmalignant tissues (Davidson et al, 1999; Samadi et al, 2001). Nonmalignant and 

malignant tissues from the same patients were matched and analysed in comparative 

studies by Davidson et al. and Samadi et al. whereas the specimens generated in this study 

were not patient matched. This is the most likely explanation for the conflicting results. 

Further analysis of the differential expression of glyoxalase I using larger sample numbers 

of human prostate tissues is required. 

Without further analysis, it is difficult to suggest reasons for the elevation of glyoxalase I 

in nonmalignant prostate tissues. A possible explanation for the presence of high levels of 

this enzyme in nonmalignant tissues may be the life-sustaining role of the glyoxalase 

system in detoxifying cytotoxic methylgloxal (Davidson et al, 1999). Methylglyoxal 

(target for conversion by glyoxalase I to lactate) m a y have a regulating effect on cell 

division (Szent-Gyorgyi, 1973; Szent-Gyorgyi et al, 1967). It is known that methylglyoxal 

actively inhibits division of microorganisms and animal cells (Gregg, 1968; Szent-Gyorgyi 

et al, 1967), and also has a very strong cancerostatic action (Apple & Greenberg, 1968; 

Egyud & Szent-Gyorgyi, 1968; Jerzykowski et al, 1970). Therefore, the lack or decrease 

in glyoxalase I in tumour cells, in comparison with the level of this enzyme in 

nonmalignant tissues, may be connected with this fact (ie m a y increase the sensitivity of 

tumour cells to methylglyoxal) (Jerzykowski et al, 1914). 
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10.1 DISCUSSION 

Prostate cancer is the most commonly diagnosed malignancy of men living in Western 

countries and the second most c o m m o n cause of cancer deaths. Currently, the early 

events that contribute to the onset of this malignancy are unknown. In this study, 

proteomics was used to identify proteins with altered tissue levels in early stage 

prostate cancers. Proteins extracted from nonmalignant and malignant prostate tissues 

were analysed by two-dimensional gel electrophoresis. Using Phoretix™ software, 57 

proteins either absent or decreased in malignant tissues compared to nonmalignant 

tissues were selected and 27 were subsequently identified using P M F or N-terminal 

sequencing. Seven of these candidate proteins were analysed further with one- and two-

dimensional western blotting to confirm altered tissue levels and to examine the 

profiles of candidate proteins. In addition, immunohistochemical analysis was used to 

demonstrate the cellular localisation of proteins and elucidate their potential as markers 

of malignant transformation. 

Aberrant expression of proteins, peptide growth factors or their receptors contribute to 

the transformation of nonmalignant into malignant cells (Dow & deVere White, 2000; 

Pirtskhalaishvili & Nelson, 2000; Steiner, 1993; Wikstrom et al, 2001). The multi-step 

nature of tumorigenesis may in part reflect consecutive activation of molecules that 

when combined, are important in the induction of cancer (Bishop, 1987; Foster et al, 

1999; Houweling et al, 1980; Land et al, 1983; Newbold & Overell, 1983; 

Rassoulzadegan et al, 1982; Weinberg, 1985). Recent advances in understanding the 

molecular genetics of other c o m m o n adult tumours, including colorectal (Vogelstein et 

al, 1988), bladder (Tsai et al, 1990), lung (Weston et al, 1989) and breast cancers 

(Callahan & Campbell, 1989), have indicated that multiple genetic alterations are 

important for formation of tumours. However, early molecular or cellular changes that 

delineate the transition of nonmalignant prostate cells into malignant prostate cells are 

unknown. 

Historically, specific genes and proteins have been examined in prostate tissues based 

on their function in other tissues. Comparative analyses of phenotypically distinct cell 
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lines have also provided opportunities to identify individual factors which determine 

particular aspects of prostate cancer cell behaviour (Foster et al, 1999). Alterations in 

cellular proto-oncogenes (including the c-ras and c-myc genes) which have been shown 

to regulate cell proliferation and differentiation, have not been extensively investigated 

in prostate tumours (Barbacid, 1990; Fenoglio-Preiser & Listrom, 1991; Mashimo et 

al, 1997; Netto & Humphrey, 1994). However c-myc expression has been examined 

using in situ hybridisation and most studies have found increased expression of this 

gene in 59-77% of high grade prostate cancers and evidence of mutations in 25-44% of 

late stages tumours (Bubendorf et al, 1999; Jenkins et al, 1997; Miyoshi et al, 2000; 

Qian et al, 1997). While fewer studies have investigated c-ras expression in prostate 

cancers, most have reported an increased expression of this gene in 76-94% of high 

grade prostate cancers with mutations rarely being reported (Chia et al, 2000; Shiraish 

etal, 1998). 

Inactivation of tumour suppressor genes (eg p53) is thought to lead to the loss of 

normal cellular control and subsequent tumorigenesis (Bookstein et al, 1993; 

Bookstein et al, 1990; Foster et al, 1999; Foster et al, 1992; Navone et al, 1993; 

Sadar et al, 1999). Using western blotting and immunohistochemistry, reports have 

shown that between 45-72% of advanced prostate cancer specimens display increased 

p53 expression and evidence of mutations in 39-45% of high grade tumours, which is 

consistent with findings in other solid tumours (Incognito et al, 2000; Kelavkar et al, 

2000; Scherr et al, 1999). The apoptosis inhibitor Bcl-2 has been shown to contribute 

to prolonged cell survival and subsequent tumorigenesis by suppressing apoptosis and 

stimulating angiogenesis (Chipuk et al, 2001; Finnegan et al, 2001; Lu et al, 1996; 

Tapia-Vieyra & Mas-Oliva, 2001). Overexpression of Bcl-2 has not been reported in 

early stage prostate cancers but has been correlated with emergence of androgen 

independent tumours. However, this protein is not used as a predictive marker of 

prostate cancer progression or response to androgen ablation or radiation therapies 

(Baur et al, 1996; Bubendorf et al, 1996; Colombel et al, 1993; McDonnell et al, 

1992). Despite extensive research using systematic approaches to identify alterations in 

gene expression in human prostate cancers, elucidation of the early changes involved in 

tumorigenesis are yet to be determined. 

Recently, screening techniques such as microarrays and proteomics have presented 

high throughput approaches to identifying multiple genes and proteins involved in a 
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range of cellular processes (Alaiya et al, 2000a; Alaiya et al, 2000b; Anderson et al, 

2000; Bubendorf et al, 1999; Bull et al, 2001; Dutt & Lee, 2000; Nelson et al, 2000; 

Schena, 1996). Several proteins with functions quite different to those previously 

identified, were isolated and analysed in this study including secretory proteins (PSA, 

PSP94), structural proteins (calponin, TM-1) and enzymes (glyoxalase I). There are a 

number of possible explanations for the lack of similarities between the proteins 

identified in this study compared to those previously identified. Firstly, studies 

assessing the expression of the oncogenes, tumour suppressor genes and Bcl-2 were 

performed using high grade and androgen-independent prostate tumours whereas early 

stage cancers were used in this study (Bookstein et al, 1993; Chia et al, 2000; 

Incognito et al, 2000; Jenkins et al, 1997; Miyoshi et al, 2000; Prendergast et al, 

1996; Qian et al, 1997; Scherr et al, 1999; Stackhouse et al, 1999). It is likely that the 

expression of the proteins previously identified are not characteristically altered until 

later stages of prostatic malignancy and would therefore not be detected in this study 

due to the use of early stage prostate cancers. 

A second explanation for the detection of different proteins in this study compared to 

previous reports is that the proteins identified previously largely exhibit increased 

expression in malignant specimens compared to nonmalignant prostates. In contrast, 

this study identified proteins with reduced levels in malignant tissues compared to 

nonmalignant tissues and it is therefore unlikely that similar proteins would be 

detected. Although a group of proteins with increased levels in malignant tissues were 

identified in this study, due to time constraints and lack of tissue availability, these 

proteins were not sequenced or analysed further. The use of genetic screening 

approaches rather than proteomic analysis may have also resulted in identification of 

distinct sets of differentially expressed genes as changes in tissue m R N A levels may 

not always correlate with changes in protein levels (Ideker et al, 2001; Paweletz et al, 

2001; Pradet-Balade et al, 2001). Thus where m R N A or protein turnover is altered due 

to malignancy, these changes m a y be detected with one but not both screening 

techniques. 

The onset of prostatic malignancy is characterised by loss of differentiation and 

subsequent alterations in the secretory mechanism of epithelial cells (Bonkhoff & 

Remberger, 1998; Hayward & Cunha, 2000; van Leenders & Schalken, 2001). As 

characterised in this thesis, reduced levels of two of the three main secretory products 
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of the prostate, P S A and PSP94, were detected in malignant as compared to 

nonmalignant prostate tissues. This correlates with the premise of an altered secretory 

mechanism in malignant epithelial cells. Although reports examining malignant and 

nonmalignant prostate tissues using western blotting and immunohistochemistry have 

shown decreased (Jung et al, 2000), increased (Mikolajczyk et al, 2000b) and no 

change (Ornstein et al, 2000a) in the tissue levels of P S A and PSP94 (Abrahamsson et 

al, 1988; Doctor et al, 1986; Dube et al, 1987; Imasato et al, 2000), most studies 

agree that reduced levels of these proteins occur in malignant as compared to 

nonmalignant prostate specimens. This supports the theory of an altered secretory 

mechanism in malignant prostate tissues. As the normal secretory pathway in the 

prostate is thought to be controlled primarily by the A R (Montgomery et al, 2001; 

Taplin & Ho, 2001), it is possible that early changes in P S A and PSP94 levels are 

reflective of alterations in A R function leading to loss of differentiation of malignant 

cells. However, as mutations of the A R gene and alterations in A R function have 

predominantly been detected only in late stage prostate tumours (Barrack, 1996; Culig 

et al, 1997; Edwards et al, 1999; Montgomery et al, 2001; Taplin et al, 1995), 

alterations in other as yet unidentified pathway(s) may contribute to the altered 

secretory protein production observed in early stage prostate cancers. Alternatively, 

mutations or alterations in noncoding regions of the A R gene or changes in A R 

function that have not yet been identified may cause the initial changes in secretory 

protein profiles of early stage prostate tumours detected in this study. 

The increased proliferation characteristic of malignant cells was not initially supported 

by proteomic analysis as both N E D D 8 and glyoxalase I were identified with reduced 

levels in malignant specimens compared to nonmalignant specimens. Further western 

blot analysis of N E D D 8 however, revealed that although free N E D D 8 levels were 

reduced in malignant specimens, complexed N E D D 8 levels were increased. These 

results, supported by increased N E D D 8 immunoreactivity of malignant prostate cells, 

suggested that the increased proliferation of cancer cells was facilitated by elevated 

cellular N E D D 8 levels. In addition, other targets of N E D D 8 may be increased in 

prostate cancer cells, or their increased turnover may be directed by N E D D 8 , resulting 

in increased levels of NEDD8-containing complexes. In contrast to N E D D 8 , reduced 

glyoxalase I levels in malignant prostate specimens were not consistent with the 

reported role of this enzyme in promoting cell survival (Mannervik, 1980; Richard, 

1991; Sellin etal, 1982a; Thornalley, 1990; Thornalley, 1993). Immunohistochemical 
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analysis of glyoxalase I m a y identify altered tissue distribution or reduced cellular 

levels of glyoxalase I. A s such, malignant cells in early prostate cancers may use 

alternative pathways to reduce cellular levels of methylglyoxal or alternatively, 

glyoxalase I m a y perform as yet uncharacterised functions that are not required at high 

levels in prostate tumours. 

Detection of multiple protein forms (whether they are cleavage products or complexed 

proteins) complicates selection and identification of proteins with altered expression 

levels. Cleaved forms of P S A have been suggested as alternative markers of prostatic 

malignancy (Jung et al, 2000; Mikolajczyk et al, 2000a). The data presented in this 

study provides further evidence to suggest that cleaved forms of P S A are present at 

altered levels in nonmalignant and malignant prostate tissues and therefore may have 

potential as markers of malignant transformation. Although not reported previously, 

altered levels of N E D D 8 and A C T containing complexes in malignant prostate tissues 

suggest that these proteins m a y also have potential as markers of malignant 

transformation. The A C T containing complex identified in this study is of particular 

interest due to its striking abundance in nonmalignant prostate specimens and complete 

absence in early stage malignancies. Clearly, identification of prostatic proteins bound 

to both A C T and N E D D 8 is essential for future studies of their role in normal prostate 

physiology and/or early stage prostate cancers. 

Analysis of differences in proteins between nonmalignant and tumour tissues is also 

complicated and potentially biased by the presence of multiple cell types and the 

varying proportion of nonmalignant and malignant epithelial cells and stromal cells in 

tissues used for proteomic analysis. For example, the detection in this study of a 

reduced level of T M - 1 in malignant prostate tissues (verified by western blotting) was 

shown by further immunohistochemical analysis to most probably reflect a decrease in 

the stromal to epithelial cell ratio that results when epithelially-derived tumour cells 

invade surrounding stroma. Thus, similar cellular levels of T M - 1 were observed in 

immunoreactive stromal cells of both nonmalignant and malignant prostate specimens. 

These results highlight the necessity to use screening techniques such as proteomic 

analysis in conjunction with independent procedures (eg immunohistochemistry) to 

confirm results. 
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Although it was expected that the immunoreactivity of calponin would have mirrored 

TM-1, this was not the case. Consistent with the published literature (Dabbs et al, 

1999; Miettinen et al, 1999), calponin was present in interglandular and peritumoral 

stromal cells. However in addition, calponin was identified in malignant prostate cells. 

Demonstration of a previously stromal-specific protein in malignant prostate cells 

highlights the ability of proteomics in conjunction with immunohistochemistry to 

detect novel expression patterns and potentially important functional and diagnostic 

markers of prostate cancer. 

Protein profiles (the proteome) may be useful in the diagnosis or prognosis of prostate 

tumours and for monitoring of patient responses to prostate cancer treatments (Fung et 

al, 2000). In this study, high resolution two-dimensional gel electrophoresis in 

combination with mass spectrometry was able to provide comprehensive information 

on protein profiles, which will potentially allow insights into the functional aspects of 

this disease (Tschulik & Zatloukal, 2001). A s indicated in the thesis, production of 

highly reproducible reference maps led to the identification of multiple proteins present 

at different levels in nonmalignant and malignant prostate tissues. The future 

implications of this research will involve generation from these maps of lists of proteins 

with specific expression patterns characteristic of favourable or poor prognosis and 

good or bad therapeutic responses. Thus, use of individual protein markers identified 

from these studies or of the entire proteome m a y be clinically relevant for generation of 

predictive or prognostic markers. 

10.2 FUTURE DIRECTIONS 

This study has identified candidate proteins present at elevated levels in early stage 

cancers (ie N E D D 8 and calponin). However, as already indicated, due to the relatively 

small number of prostate specimens examined to verify the proteomic analysis results 

and the lack of patient follow-up information, the differential epithelial cell levels of 

these proteins was the only factor confidently assessed. A larger cohort 

immunohistochemical study is required to elucidate the potential of these proteins as 

markers of prostatic malignancy. Correlation of expression of N E D D 8 and calponin 

with Gleason grade, stage and parameters of disease outcome would also be assessed to 

evaluate the diagnostic and predictive uses of these proteins. 
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As the biological activities of several of the proteins identified using proteomic analysis 

are unknown, functional studies could be performed to characterise their roles in 

prostatic cancer cell growth and/or tumorigenicity. It is likely that such studies would 

be carried out in human prostate cancer cell lines with overexpression or knockout of 

individual genes/proteins induced following transfection of sense or antisense 

constructs of the coding regions of the genes. Where altered expression of individual 

proteins is found to confer significant effects on cell phenotype, in vivo studies 

including generation of transgenic or knockout mice could elucidate the role of 

individual proteins in prostate carcinogenesis. With two of the proteins identified in this 

study, N E D D 8 and A C T , functional analysis would need to be preceded by 

identification of other proteins present in the protein complexes detected by proteomic 

analysis and western blotting. These m a y be carried out using affinity chromatography 

or immunoprecipitation followed by enzyme digest and P M F or protein sequencing. It 

is feasible that the ensuing functional studies would then be superseded by analysis of 

the N E D D 8 and A C T binding proteins. 

Several other proteins identified in the original proteomic analysis were not further 

studied due either to lack of reagents or time constraints. Follistatin-related protein was 

not investigated in this study due to the lack of a commercially available antibody. This 

secreted protein has not been detected in human prostate tissues and is 5 1 % 

homologous with follistatin (Amthor et al, 1996; Tanaka et al, 1998; Zwijsen et al, 

1994). Although the function of follistatin-related protein is unknown in human 

prostate tissues, it is thought to regulate TGF-P related proteins, including activin, 

which is part of the control system maintaining an equilibrium between migration, 

proliferation and differentiation (Mashimo et al, 1997; Zwijsen et al, 1994). In 

addition, the follistatin-related protein is thought to bind morphogens or 

growth/differentiation factors and regulate their activity during growth and 

development (Pierani et al, 1995). These proposed roles are consistent with results of 

the original proteomic analysis (ie reduced level of follistatin-related protein in 

malignant compared to nonmalignant tissues) and should be further investigated using 

one- and two-dimensional western blotting, immunohistochemistry and functional 

studies in prostate cancer cells. Other proteins that m a y be analysed further include 

glyoxalase 1 and caldesmon. 
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A number of proteins present at reproducibly different levels in nonmalignant and 

malignant prostates were detected in this study by comparing the first, most soluble 

extract from the three step sequential protein extraction method used. Examination of 

the remaining two protein extracts in future studies would potentially detect more 

proteins with altered levels between these two tissues. Reference maps for each of these 

extracts would need to be determined before these analyses could proceed. Given the 

heterogeneous nature of both nonmalignant and malignant prostate tissues used in these 

studies, purification of epithelial cell types by L C M prior to protein extraction may 

reduce the frequency of identification of false positive or stromal proteins in the 

proteomic analysis (Banks et al, 1999; Bonner et al, 1997; Emmert-Buck et al, 1996; 

Ornstein et al, 2000a; Ornstein et al, 2000b). The use of L C M may also simplify 

proteomic analysis reference maps. 

In future studies and with availability of techniques and equipment, recent 

developments in the use of mass spectrometry with isotope labeling may facilitate 

proteomic analysis (Gygi et al, 1999; Oda et al, 1999). A L C - M S / M S ion trap mass 

spectrometer (Finnigan M A T , San Jose, C A ) in dual mode allows both the quantity and 

sequence identity of the peptides from different tissues to be determined because of 

their differential tags. This new protein approach would allow quantitative comparisons 

of protein mixtures from cells and tissues omitting the need for 2 D G E (Quadroni & 

James, 1999; Walsh et al, 1998). In addition, SELDI (surface-enhanced laser 

desorption ionisation) surface plasma resonance screening may also provide more 

efficient and cost-effective clinical testing for prostate cancer specimens. 

10.3 CONCLUDING REMARKS 

There is great need to be able to detect or diagnose prostate cancer at an early stage and 

to have markers which will aid in choice and monitoring of treatment (Unwin et al, 

1999). Exploring and understanding further the biology of prostate cancer may allow 

more accurate prediction of response to therapy and provide methods for monitoring 

disease progression and for assessment of prognosis (Unwin et al, 1999). 

Differential patterns of the proteins identified in this study demonstrate the potential of 

this technology for identifying protein changes associated with malignancy, and the 

potential to identify markers or targets for early intervention and therapy of prostate 
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disease. The use of proteomics in the diagnosis and monitoring of treatments for 

malignancies is currently being evaluated (Tschulik & Zatloukal, 2001; Vlahou et al, 

2001; Jain, 2000; Fung et al, 2000). The data presented in this study contribute to this 

evaluation and suggest possible roles for N E D D 8 and calponin as markers of early 

stage tumours. Identification of different protein forms using 2 D gel electrophoresis has 

also indicated differences in the biological function of specific proteins in normal and 

malignant prostate tissues which will be investigated in future studies. 



CHAPTER 11 



11.0 REFERENCES 

185 

Abe, M., Takahashi, K. & Hiwada, K. (1990a). Effect of calponin on actin-activated myosin 
ATPase activity. Journal of Biochemistry, 108, 835-8. 

Abe, M., Takahashi, K. & Hiwada, K. (1990b). Simplified co-purification of vascular smooth 
muscle calponin and caldesmon. Journal of Biochemistry, 107,507-9. 

Abraham, C.R., Selkoe, D.J. & Potter, H. (1988). Immunochemical identification of the serine 
protease inhibitor alpha 1-antichymotrypsin in the brain amyloid deposits of Alzheimer's disease. 
Cell, 52,487-501. 

Abrahamsson, P.A. & Lilja, H. (1989). Partial characterisation of a thyroid-stimulating hormone
like peptide in neuroendocrine cells of the human prostate gland. Prostate, 14,71-81. 

Abrahamsson, P.A., Lilja, H., Falkmer, S. & Wadstrom, L.B. (1988). Immunohistochemical 
distribution of the three predominant secretory proteins in the parenchyma of hyperplastic and 
neoplastic prostate glands. Prostate, 12,39-46. 

Abrahamsson, P.A., Lilja, H. & Oesterling, J.E. (1997). Molecular forms of serum prostate-specific 
antigen. The clinical value of percent free prostate-specific antigen. Urologic Clinics of North 
America, 24,353-65. 

Abrahamsson, P.A., Wadstrom, L.B., Alumets, J., Falkmer, S. & Gramelius, L. (1987). Peptide 
hormone-serotonin-immunoreactive cells in normal and hyperplastic prostate glands. Pathology, 
Research and Practice, 181, 675-83. 

Agassandian, C, Plantier, M., Fattoum, A., Represa, A. & der Terrossian, E. (2000). Subcellular 
distribution of calponin and caldesmon in rat hippocampus. Brain Research, 887,444-9. 

Akiyama, K., Yoshioka, Y., Schmid, K., Offner, G.D., Troxler, R.F., Tsuda, R. & Hara, M. (1985). 
The amino acid sequence of human beta-microseminoprotein. Biochimica et Biophysica Acta, 829, 
288-94. 

Alaiya, A., Roblick, U., Egevad, L., Carlsson, A., Franzen, B., Volz, D., Huwendiek, S., Linder, S. 
& Auer, G. (2000a). Polypeptide expression in prostate hyperplasia and prostate adenocarcinoma. 
Analytical Cellular Pathology, 21,1-9. 

Alaiya, A.A., Franzen, B., Auer, G. & Linder, S. (2000b). Cancer proteomics: from identification 
of novel markers to creation of artificial learning models for tumor classification. Electrophoresis, 
21,1210-7. 

Alaiya, A.A., Franzen, B., Moberger, B., Silfversward, C, Linder, S. & Auer, G. (1999). Two-
dimensional gel analysis of protein expression in ovarian tumors shows a low degree of 
intratumoral heterogeneity. Electrophoresis, 20,1039-46. 

Alaiya, A.A., Oppermann, M., Langridge, J., Roblick, U., Egevad, L., Brindstedt, S., Hellstrom, 
M., Linder, S., Bergman, T., Jornvall, H. & Auer, G. (2001). Identification of proteins in human 
prostate tumor material by two-dimensional gel electrophoresis and mass spectrometry. Cellular & 
Molecular Life Sciences, 58,307-11. 

Allen, R.E., Lo, T.W. & Thornalley, P.J. (1993). A simplified method for the purification of human 
red blood cell glyoxalase. I. Characteristics, immunoblotting, and inhibitor studies. Journal of 

Protein Chemistry, 12,111-9. 

Altland, K. (1990). IPGMAKER: a program for IBM-compatible personal computers to create and 
test recipes for immobilized pH gradients. Electrophoresis, 11,140-7. 



186 

Amanatullah, D.F., Reutens, A.T., Zafonte, B.T., Fu. M.S.M. & Pestell, R.G. (2000). Cell-cycle 
dysregulation and the molecular mechanisms of prostate cancer. Frontiers in Bioscience, 5,372-90. 

Amthor, H., Connolly, D., Patel, K., Brand-Saberi, B., Wilkinson, D.G., Cooke, J. & Christ, B. 
(1996). The expression and regulation of follistatin and a follistatin-like gene during avian somite 
compartmentalization and myogenesis. Developmental Biology, 178,343-62. 

Anderson, L. & Anderson, N.G. (1977). High resolution two-dimensional electrophoresis of human 
plasma proteins. Proceedings of the National Academy of Sciences of the United States of America, 
74,5421-5. 

Anderson, N.G. & Anderson, N.L. (1996). Twenty years of two-dimensional electrophoresis: past, 
present and future. Electrophoresis, 17,443-53. 

Anderson, N.L., Matheson, A.D. & Steiner, S. (2000). Proteomics: applications in basic and 
applied biology. Current Opinions in Biotechnology, 11,408-12. 

Apple, M.A. & Greenberg, D.M. (1968). Arrest of cancer in mice by therapy with normal 
metabolites. II. Indefinite survivors among mice treated with mixtures of 2-oxopropanal (NSC-
79019) and 2,3-dihydroxypropanal (NSC67934). Cancer Chemotherapy Reports - Part 1, 52, 687-
96. 

Applegate, D., Feng, W., Green, R.S. & Taubman, M.B. (1994). Cloning and expression of a novel 
acidic calponin isoform from rat aortic vascular smooth muscle. Journal of Biological Chemistry, 
269,10683-90. 

Arai, Y., Yoshiki, T. & Yoshida, O. (1997). c-erbB-2 oncoprotein: a potential biomarker of 
advanced prostate cancer. Prostate, 30,195-201. 

Arienti, G., Carlini, E., Polci, A., Cosmi, E.V. & Palmerini, C A . (1998). Fatty acid pattern of 
human prostasome lipid. Archives of Biochemistry and Biophysics, 358,391-5. 

Armstrong, B. & Doll, R. (1975). Environmental factors and cancer incidence and mortality in 
different countries, with special reference to dietary practices. International Journal of Cancer, 15, 
617-31. 

Aronsen, K.F., Ekelund, G., Kindmark, C O . & Laurell, C.B. (1972). Sequential changes of plasma 
proteins after surgical trauma. Scandinavian Journal of Clinical & Laboratory Investigation -
Supplement, 124,127-36. 

Aronsson, A.C, Marmstal, E. & Mannervik, B. (1978). Glyoxalase I, a zinc metalloenzyme of 
mammals and yeast. Biochemical & Biophysical Research Communications, 81,1235-40. 

Aronsson, A.C, Tibbelin, G. & Mannervik, B. (1979). Purification of glyoxalase I from human 
erythrocytes by the use of affinity chromatography and separation of the three isoenzymes. 
Analytical Biochemistry, 92,390-3. 

Arvidson, G., Ronquist, G., Wikander, G. & Ojteg, A.C. (1989). Human prostasome membranes 
exhibit very high cholesterol/phospholipid ratios yielding high molecular ordering. Biochimica et 
Biophysica Acta, 984,167-73. 

Aston, F.W. (1919a). The distribution of intensity along the positive ray parabolas of atoms and 
molecules of hydrogen and its possible explanation. Proceedings of the Philosophical Society, 19, 
317-23. 

Aston, F.W. (1919b). A positive ray spectrograph. Philosophical Magazine, 38,707-14. 

Aston, F.W. (1933). Mass Spectra and Isotopes. Arnold: London. 

Aurnuller, G. (1983). Morphology and endocrine aspects of prostatic function. Prostate, 4, 195-
214. 



187 

Aumuller, G. & Seitz, J. (1990). Protein secretion and secretory processes in male sex accessory 
glands. International Review of Cytology, 121,127-231. 

Baijal-Gupta, M., Clarke, M.W., Finkelman, M.A., McLachlin, CM. & Han, V.K. (2000). 
Prostatic secretory protein (PSP94) expression in human female reproductive tissues, breast and in 
endometrial cancer cell lines. Journal of Endocrinology, 165,425-33. 

Baijal-Gupta, M., Fraser, J.E., Clarke, M.W., Xuan, J.W. & Finkelman, M.A. (1996). A new 
scalable purification procedure for prostatic secretory protein (PSP94) from human seminal 
plasma. Protein Expression & Purification, 8,483-8. 

Bailey, K. (1948). Tropomyosin: A new asymmetric protein component of the muscle fibril. 
Biochemical Journal, 43,271-79. 

Banks, R.E., Dunn, M.J., Forbes, M.A., Stanley, A., Pappin, D., Naven, T., Gough, M., Harnden, P. 
& Selby, P.J. (1999). The potential use of laser capture microdissection to selectively obtain 
distinct populations of cells for proteomic analysis-preliminary findings. Electrophoresis, 20,689-
700. 

Banks, R.E., Dunn, M.J., Hochstrasser, D.F., Sanchez, J.C, Blackstock, W., Pappin, D.J. & Selby, 
P.J. (2000). Proteomics: new perspectives, new biomedical opportunities. Lancet, 356,1749-56. 

Barbacid, M . (1990). ras oncogenes: their role in neoplasia. European Journal of Clinical 
Investigation, 20,225-35. 

Barrack, E.R. (1996). Androgen receptor mutations in prostate cancer. Mount Sinai Journal of 
Medicine, 63,403-12. 

Baur, J.J., Sesterhenn, LA., Mostofi, F.K., McLeod, D.G., Srivastava, S. & Moul, J.W. (1996). 
Elevated levels of apoptosis regulator proteins p53 and bcl-2 are independent prognostic 
biomarkers in surgically treated clinically localised prostate cancer. Journal of Urology, 156,1511-
6. 

Beatty, K., Bieth, J. & Travis, J. (1980). Kinetics of association of serine proteinases with native 
and oxidized alpha-1-proteinase inhibitor and alpha-1-antichymotrypsin. Journal of Biological 
Chemistry, 255,3931-4. 

Becker, C. & Lilja, H. (1997). Individual prostate-specific antigen (PSA) forms as prostate tumor 
markers. Clinica ChimicaActa, 257,117-32. 

Bergerheim, U.S., Kunimi, K., Collins, V.P. & Ekman, P. (1991). Deletion mapping of 
chromosomes 8,10, and 16 in human prostatic carcinoma. Genes, Chromosomes & Cancer, 3,215-
20. 

Bergman, A., Benjamin, T., Alaiya, A., Waltham, M., Sakaguchi, K., Franzen, B., Linder, S., 
Bergman, T., Auer, G., Appella, E , Wirth, P.J. & Jornvall, H. (2000). Identification of gel 
separated tumour marker proteins by mass spectrometry. Electrophoresis, 21, 679-86. 

Berkelman, T. & Stenstedt, T. (1998). 2-D Electrophoresis; Using Immobilised pH Gradients, 
Principles and Methods. Amersham Pharmacia Biotech Inc.: England. 

Berninger, R.W. (1985). Protease inhibitors of human plasma. Alpha 1-antichymotrypsin. Journal 

of Medicine, 16,101-28. 

Bernstein, B.W. & Bamburg, J.R. (1982). Tropomyosin binding to F-actin protects the F-actin from 
disassembly by brain actin-depolymerizing factor (ADF). Cell Motility, 2,1-8. 

Bhakdi, S., Knufermann, H., Schmidt-Ullrich, R., Fischer, H. & Wallach, D.F. (1974). Interaction 
between erythrocyte membrane proteins and complement components. I. The role of -S-S linkages 
as revealed by two-dimensional sodium dodecylsulfate-polyacrylamide gel electrophoresis. 

Biochimica et Biophysica Acta, 363,39-53. 



188 

Bhattacharya, B., Ciardiello, F., Salomon, D.S. & Cooper, H.L. (1988). Disordered metabolism of 
microfilament proteins, tropomyosin and actin, in mouse mammary epithelial cells expressing the 
Ha-ras oncogene. Oncogene Research, 3,51-65. 

Bhattacharya, B., Prasad, G.L., Valverius, E.M., Salomon, D.S. & Cooper, H.L. (1990). 
Tropomyosins of human mammary epithelial cells: consistent defects of expression in mammary 
carcinoma cell lines. Cancer Research, 50,2105-12. 

Binion, S.B., Rodkey, L.S., Egen, N.B. & Bier, M. (1983). Properties of narrow-range ampholytes 
isolated from wide-range ampholyte preparations. Analytical Biochemistry, 128,71-6. 

Bishop, J.M. (1987). The molecular genetics of cancer. Science, 235,305-11. 

Bjartell, A., Bjork, T., Matikainen, M.T., Abrahamsson, PA., di SantAgnese, A. & Lilja, H. 
(1993). Production of alpha-1-antichymotrypsin by PSA-containing cells of human prostate 
epithelium. Urology, 42,502-10. 

Bjellqvist, B., Ek, K., Righetti, P.G., Gianazza, E, Gorg, A., Westermeier, R. & Postel, W. (1982). 
Isoelectric focusing in immobilized p H gradients: principle, methodology and some applications. 
Journal of Biochemical & Biophysical Methods, 6,317-39. 

Bjork, T., Bjartell, A., Abrahamsson, P.A., Hulkko, S., di SantAgnese, A. & Lilja, H. (1994). 
Alpha 1-antichymotrypsin production in PSA-producing cells is common in prostate cancer but 
rare in benign prostatic hyperplasia [see comments]. Urology, 43,427-34. 

Bock, C.H., Cunningham, J.M., McDonnell, S.K., Schaid, D.J., Peterson, B.J., Pavlic, R.J., 
Schroeder, J.J., Klein, J., French, A.J., Marks, A., Thibodeau, S.N., Lange, E.M. & Cooney, K.A. 
(2001). Analysis of the prostate cancer-susceptibility locus HPC20 in 172 families affected by 
prostate cancer. American Journal of Human Genetics, 68,795-801. 

Boddy, M.N., Howe, K., Etkin, L.D., Solomon, E. & Freemont, P.S. (1996). PIC 1, a novel 
ubiquitin-like protein which interacts with the P M L component of a multiprotein complex that is 
disrupted in acute promyelocytic leukaemia. Oncogene, 13,971-82. 

Bogatcheva, N.V., Ma, Y., Urosev, D. & Gusev, N.B. (1999). Localization of calponin binding 
sites in the structure of 90 kDa heat shock protein (Hsp90). FEBS Letters, 457,369-74. 

Bonkhoff, H. & Remberger, K. (1996). Differentiation pathways and histogenetic aspects of 
normal and abnormal prostatic growth: A stem cell model. Prostate, 28,98-106. 

Bonkhoff, H. & Remberger, K. (1998). Morphogenetic concepts of normal and abnormal growth in 
the human prostate. Virchows Archiv, 433,195-202. 

Bonkhoff, H., Stein, U. & Remberger, K. (1994). The proliferative function of basal cells in the 
normal and hyperplastic human prostate. Prostate, 24,114-8. 

Bonner, R.F., Emmert-Buck, M., Cole, K., Pohida, T., Chuaqui, R., Goldstein, S. & Liotta, L.A. 
(1997). Laser capture microdissection: molecular analysis of tissue. Science, 278,1481-3. 

Bookstein, R., MacGrogan, D., Hilsenbeck, S.G., Sharkey, F. & Allred, D.C. (1993). p53 is 
mutated in a subset of advanced-stage prostate cancers. Cancer Research, 53,3369-73. 

Bookstein, R., Shew, J.Y. & Chen, PL. (1990). Suppression of tumourigenicity of human prostate 
carcinoma cells by replacing a mutated RB gene. Science, 247,712-15. 

Bostwick, D „ Amin, M., Dundore, P., Marsh, W . & Schultz, D. (1993). Architectural patterns of 
high-grade prostatic intraepithelial neoplasia. Human Pathology, 24,298-310. 

Bostwick, D.G. (1992). Prostatic intraepithelial neoplasia (PIN): current concepts. Journal of Cell 

Biochemistry Supplement., 16,10-9. 



189 

Bostwick, D.G. (1994). Grading prostate cancer. American Journal of Clinical Pathology, 102, 
S38-S56. 

Bostwick, D.G. (1995). High grade prostatic intraepithelial neoplasia. The most likely precursor of 
prostate cancer. Cancer, 75,1823-36. 

Bostwick, D.G. (2000). Prostatic intraepithelial neoplasia: animal models 2000. Prostate, 43, 286-
94. 

Boudier, C, Laurent, P. & Bieth, J.G. (1984). Leukoproteinases and pulmonary emphysema: 
cathepsin G and other chymotrypsin-like proteinases enhance the elastolytic activity of elastase on 
lung elastin. Advances in Experimental Medicine & Biology, 167, 313-7. 

Boyd, J., Risinger, J.L, Wiseman, R.W., Merrick, B.A, Selkirk, J.K. & Barrett, J.C. (1995). 
Regulation of microfilament organization and anchorage-independent growth by tropomyosin 1. 
Proceedings of the National Academy of Sciences of the United States of America, 92,11534-8. 

Boyle, M.D., Romer, T.G., Meeker, A.K. & Sledjeski, D.D. (2001). Use of surface-enhanced laser 
desorption ionization protein chip system to analyze streptococcal exotoxin B activity secreted by 
Streptococcus pyogenes. Journal of Microbiological Methods, 46, 87-97. 

Bradd, S.J. & Dunn, M.J. (1993). Analysis of membrane proteins by western blotting and enhanced 
chemiluminescence. Methods in Molecular Biology, 19,211-8. 

Brar, A., Mbikay, M., Sirois, F., Fournier, S., Seidah, N.G. & Chretien, M. (1988). Localization of 
the human prostatic secretory protein PSP94 and its m R N A in the epithelial cells of the prostate. 
Journal ofAndrology, 9,253-60. 

Braverman, R.H., Cooper, H.L., Lee, H.S. & Prasad, G.L. (1996). Anti-oncogenic effects of 
tropomyosin: isoform specificity and importance of protein coding sequences. Oncogene, 13, 537-
45. 

Brawer, M.K., Bigler, S.A., Sohlberg, O.E., Nagle, R.B. & Lange, P.H. (1991). Significance of 
prostatic intraepithelial neoplasia on prostate needle biopsy. Urology, 38,103-7. 

Breitbart, H. & Rubinstein, S. (1982). Characterization of Mg2+- and Ca2+-ATPase activity in 
membrane vesicles from ejaculated ram seminal plasma. Archives ofAndrology, 9,147-57. 

Brendler, C.B., Berry, S.J., Ewing, L.L., McCullough, A.R., Cochran, R.C, Strandberg, J.D., 
Zirkin, B.R., Coffey, D.S., Wheaton, L.G., Hiler, M L . , Bordy, M.J., Niswender, G.D., Scott, W . W . 
& Walsh, P.C. (1983). Spontaneous benign prostatic hyperplasia in the beagle. Age-associated 
changes in serum hormone levels, and the morphology and secretory function of the canine 
prostate. Journal of Clinical Investigation, 71,1114-23. 

Brinkmann, A.O., Faber, P.W., Jenster, G., Kuiper, G.G., Ris-Stalpers, C , van Laar, C. & 
Trapman, J. (1996). Hormone-Dependent Cancer. Structural and functional aspects of androgen 
receptors in normal and pathological situations. Marcel Dekker: N e w York. 

Brody, I., Ronquist, G. & Gottfries, A. (1983). Ultrastructural localisation of the Prostasome - an 
organelle in human seminal plasma. Upsala Journal of Medical Science, 88,63-80. 

Broschat, K.O. & Burgess, D.R. (1986). L o w M r tropomyosin isoforms from chicken brain and 
intestinal epithelium have distinct actin-binding properties. Journal of Biological Chemistry, 261, 

13350-9. 

Brothman, A.R., Maxwell, T.M., Cui, L, Deubler, D.A. & Zhu, X L . (1999). Chromosomal clues to 
the development of prostate tumours. Prostate, 38,303-12. 

Bubendorf, L., Kononen, J., Koivisto, P., Schraml, P., Moch, H., Gasser, T.C, Willi, N., Mihatsch, 
M.J., Sauter, G. & Kallioniemi, O.P. (1999). Survey of gene amplifications during prostate cancer 



190 

progression by high-throughout (high-throughput?) fluorescence in situ hybridization on tissue 
microarrays. Cancer Research, 59,803-6. 

Bubendorf, L., Sauter, G., Moch, H., Jordan, P., Blochlinger, A., Gasser, T.C & Minhatsch, M.J. 
(1996). Prognostic significance of Bcl-2 in clinically localised prostate cancer. American Journal 
of Pathology, 148,1557-65. 

Bull, J.H., Ellison, G., Patel, A., Muir, G., Walker, M., Underwood, M., Khan, F. & Paskins, L. 
(2001). Identification of potential diagnostic markers of prostate cancer and prostatic intraepithelial 
neoplasia using c D N A microarray. British Journal of Cancer, 84,1512-9. 

Cabral, F. & Gottesman, M.M. (1978). The determination of similarities in amino acid composition 
among proteins separated by two-dimensional gel electrophoresis. Analytical Biochemistry, 91, 
548-56. 

Callahan, R. & Campbell, G. (1989). Mutations in human breast cancer: an overview. Journal of 
the National Cancer Institute, 81,1780-6. 

Cameron, A.D., Olin, B., Ridderstrom, M., Mannervik, B. & Jones, T.A. (1997). Crystal structure 
of human glyoxalase I-evidence for gene duplication and 3D domain swapping. EMBO Journal, 
16,3386-95. 

Cameron, A.D., Ridderstrom, M., Olin, B., Kavarana, M.J., Creighton, D.J. & Mannervik, B. 
(1999). Reaction mechanism of glyoxalase I explored by an X-ray crystallographic analysis of the 
human enzyme in complex with a transition state analogue. Biochemistry, 38,13480-90. 

Carpenter, G. & Cohen, S. (1990). Epidermal growth factor. Journal of Biological Chemistry, 265. 
page numbers?? 

Carter, B.S., Beaty, T.H., Steinberg, G.D., Childs, B. & Walsh, P.C. (1992). Mendelian inheritance 
of familiar prostate cancer.proceedings of the National Academy of Sciences of the United States 
of America 89,3367-71. 

Carter, B.S., Ewing, C M . , Ward, W.S., Treiger, B.F., Aalders, T.W., Schalken, J.A., Epstein, J.I. 
& Isaacs, W.B. (1990). Allelic loss of chromosomes 16q and lOq in human prostate cancer., 
Proceedings of the National Academy of Sciences of the United States of America 87, 8751-55. 

Carter, D.B. & Resnick, M.L (1982). High resolution analysis of human prostatic fluid by two-
dimensional electrophoresis. Prostate, 3,27-33. 

Cash, P. (1989). Analysis of virus protein heterogeneity among group B coxsackie viruses using a 
"mini" two-dimensional gel electrophoresis system. Electrophoresis, 10,793-800. 

Casslen, B. & Ohlsson, K. (1981). Cyclic variation of proteinase inhibitors in human uterine fluid 
and influence of an IUD. Contraception, 23,425-34. 

Castresana, J. & Saraste, M . (1995). Does Vav bind to F-actin through a C H domain? FEBS 
Letters, 374,149-51. 

Castro, V.M., Soderstrom, M., Carlberg, I., Widersten, M., Platz, A. & Mannervik, B. (1990). 
Differences among human tumor cell lines in the expression of glutathione transferases and other 
glutathione-linked enzymes. Carcinogenesis, 11,1569-76. 

Catalona, W.J.M.D., Partin, A.W.M.D.P., Slawin, K.M.M.D., Brawer, M.K.M.D., Flanigan, 
R.C.M.D., Patel, A.M.D., Richie, J.P.M.D., deKernion, J.B.M.D., Walsh, P.C.M.D., Scardino, 
P.T.M.D., Lange, P.H.M.D., Subong, E.N.P.M.S., Parson, R.E.M.S., Gasior, G.H.B.A., Loveland, 
K.G.B.S. & Southwick, P.C.P. (1998). Use of the percentage of free prostate-specific antigen to 
enhance differentiation of prostate cancer from benign prostatic disease: a prospective multicenter 
clinical trial. JAMA Journal of the American Medical Association May 20,, 279,1542-7. 



191 

Celentano, F.C, Gianazza, E. & Righetti, P.G. (1991). O n the computational approach to 
immobilized p H gradients. Electrophoresis, 12,693-703. 

Chan, D.W., Kelley, CA. & Partin, AW. (1996). PSA-ACT immunoassay: problems and 
solutions. Clinical Chemistry, 42, S236. 

Chandra, T., Stackhouse, R., Kidd, V.J., Robson, K.J. & Woo, S.L. (1983). Sequence homology 
between human alpha 1-antichymotrypsin, alpha 1-antitrypsin, and antithrombin III. Biochemistry, 
22,5055-61. 

Chang, M., Tsuchiya, K., Batchelor, R.H., Rabinovitch, P.S., Kulander, B.G., Haggitt, R.C & 
Burmer, G.C (1994). Deletion mapping of chromosome 8p in colorectal carcinoma and dysplasia 
arising in ulcerative colitis, prostatic carcinoma, and malignant fibrous histiocytomas. American 
Journal of Pathology, 144,1-6. 

Chao, C.F., Chiou, S.T., Jeng, H. & Chang, W.C (1996). The porcine sperm motility inhibitor is 
identical to beta-microseminoprotein and is a competitive inhibitor of Na+, K(+)-ATPase. 
Biochemical & Biophysical Research Communications, 218,623-8. 

Charrier, LP., Tournel, C, Michel, S., Dalbon, P. & Jolivet, M. (1999). Two-dimensional 
electrophoresis of prostate-specific antigen in sera of men with prostate cancer or benign prostate 
hyperplasia. Electrophoresis, 20,1075-81. 

Chen, L.C, Manjeshwar, S., Lu, Y., Moore, D., Ljung, B.M., Kuo, W.L., Dairkee, S.H., Wernick, 
M., Collins, C & Smith, H.S. (1998). The human homologue for the Caenorhabditis elegans cul-4 
gene is amplified and overexpressed in primary breast cancers. Cancer Research, 58,3677-83. 

Chen, Z., Chen, H. & Stamey, T.A. (1997). Prostate specific antigen in benign prostatic 
hyperplasia: purification and characterization. Journal of Urology, 157,2166-70. 

Chevallet, M., Santoni, V., Poinas, A., Rouquie, D., Fuchs, A., Kieffer, S., Rossignol, M., Lunardi, 
L, Garin, J. & Rabilloud, T. (1998). N e w zwitterionic detergents improve the analysis of membrane 
proteins by two-dimensional electrophoresis. Electrophoresis, 19,1901-9. 

Chia, S.J., Tang, W.Y., Elnatan, L, Yap, W.M., Goh, H.S. & Smith, D.R. (2000). Prostate tumours 
from an Asian population: examination of bax, bcl-2, p53 and ras and identification of bax as a 
prognostic marker. British Journal of Cancer, 83,761-8. 

Chipuk, J.E., Bhat, M., Hsing, A.Y., Ma, J. & Danielpour, D. (2001). Bcl-xL blocks transforming 
growth factor-beta 1-induced apoptosis by inhibiting cytochrome c release and not by directly 
antagonizing Apaf-1-dependent caspase activation in prostate epithelial cells. Journal of Biological 
Chemistry, 276, 26614-21. 

Chow, P.H., Chan, C.W. & Cheng, Y.L. (1993). Contents of fructose, citric acid, acid phosphatase, 
proteins and electrolytes in secretions of the accessory sex glands of the male golden hamster. 
International Journal ofAndrology, 16,45. 

Christensson, A., Bjork, T., Nilsson, O., Dahlen, U., Matikainen, M.T., Cockett, A.T., 
Abrahamsson, P.A. & Lilja, H. (1993). Serum prostate specific antigen complexed to alpha 1-
antichymotrypsin as an indicator of prostate cancer. Journal of Urology, 150,100-5. 

Christensson, A., Laurell, C.B. & Lilja, H. (1990). Enzymatic activity of prostate-specific antigen 
and its reactions with extracellular serine proteinase inhibitors. European Journal of Biochemistry, 

194,755-63. 

Ciechanover, A. (1994). The ubiquitin-proteasome proteolytic pathway. Cell, 79,13-21. 

Ciechanover, A. (1998). The ubiquitin-proteasome pathway: on protein death and cell life. EMBO 

Journal, 17,7151-60. 



192 

Clayton, L., Reinach, F.C., Chumbley, G.M. & MacLeod, A.R. (1988). Organization of the 
h T M n m gene. Implications for the evolution of muscle and non-muscle tropomyosins. Journal of 
Molecular Biology, 201,507-15. 

Cleeve, L.K. (1995). Prostate cancer: what the GP needs to know. Modern Medicine of Australia, 
Feb, 24-37. 

Clements, J. & Mukhtar, A. (1994). Glandular kallikreins and prostate-specific antigen are 
expressed in the human endometrium. Journal of Clinical Endocrinology & Metabolism, 78,1536-
9. 

Cohen, D.W., Simak, R., Fair, W.R., Melamed, L, Scher, H.I. & Cordon-Cardo, C (1994a). 

Expression of ttansforming growth factor-a and the epidermal growth factor receptor in human 
prostate tissues. Journal of Urology, 152,2120-24. 

Cohen, D.W., Simak, R., Fair, W.R., Melded, L, Scher, H.I. & Cordon-Cardo, C (1994b). 
Expression of transforming growth factor-alpha and the epidermal growth factor receptor in human 
prostatic tissue. Journal of Urology, 152,2120-4. 

Cohen, I. & Cohen, C. (1972). A tropomyosin-like protein from human platelets. Journal of 
Molecular Biology, 68, 383-7. 

Cohen, P., Graves, H.C, Peehl, D.M., Kamarei, M., Giudice, L.C & Rosenfeld, R.G. (1992). 
Prostate-specific antigen (PSA) is an insulin-like growth factor binding protein-3 protease found in 
seminal plasma. Journal of Clinical Endocrinology & Metabolism, 75,1046-53. 

Cohen, R., McNeal, L, Edgar, S., Robertson, T. & Dawkins, H. (1998). Characterisation of 
cytoplasmic secretory granules (PSG), in prostatic epithelium and their transformation-induced loss 
in dysplasia and adenocarcinoma. Human Pathology, 29,1488-94. 

Cohen, R.J., Holland, J.W., Redmond, S.L., McNeal, LE. & Dawkins, HJ. (2000a). Identification 
of the glycosaminoglycan keratan sulfate in the prostatic secretory cell. Prostate, 44,204-9. 

Cohen, R.J., McNeal, J.E., Redmond, S.L., Meehan, K., Thomas, R., Wilce, M . & Dawkins, H.J. 
(2000b). Luminal contents of benign and malignant prostatic glands: correspondence to altered 
secretory mechanisms. Human Pathology, 31,94-100. 

Colditz, G. (1996). Consensus conference: smoking and prostate cancer. Cancer Causes & Control, 
7,560-2. 

Colombel, M., Symmans, F., Gil, S., O'Toole, K.M., Chopin, D., Benson, M., Olsson, C.A., 
Korsmeyer, S. & Buttyan, R. (1993). Detection of the apoptosis-suppressing oncoprotein bcl-2 in 
hormone-refractory human prostate cancers. American Journal of Pathology, 143,390-400. 

Cooper, H.L., Bhattacharya, B., Bassin, R.H. & Salomon, D.S. (1987). Suppression of synthesis 
and utilization of tropomyosin in mouse and rat fibroblasts by transforming growth factor alpha: a 
pathway in oncogene action. Cancer Research, 47,4493-500. 

Cooper, H.L., Feuerstein, N., Noda, M. & Bassin, R.H. (1985). Suppression of tropomyosin 
synthesis, a common biochemical feature of oncogenesis by structurally diverse retroviral 
oncogenes. Molecular & Cellular Biology, 5,972-83. 

Corbett, J. & Dunn, M.J. (1993). Two-dimensional polyacrylamide gel electrophoresis of 
membrane proteins. Methods in Molecular Biology, 19,219-27. 

Cordwell, SJ., Nouwens, A.S., Verrills, N.M., Basseal, D.J. & Walsh, B.J. (2000). Subproteomics 
based upon protein cellular location and relative solubilities in conjunction with composite two-
dimensional electrophoresis gels. Electrophoresis, 21,1094-103. 

Corthals, G.L., Wasinger, V.C, Hochstrasser, D.F. & Sanchez, J.C. (2000). The dynamic range of 
protein expression: a challenge for proteomic research. Electrophoresis, 21,1104-15. 



193 

Costello, L.C & Franklin, R.B. (1989). Prostate epithelial cells utilise glucose and aspartate as a 
carbon source for net citrate production. Prostate, 15,335-42. 

Cote, A., Doucet, J.P. & Trifaro, J.M. (1986). Adrenal medullary tropomyosins: purification and 
biochemical characterization. Journal of Neurochemistry, 46,1771-82. 

Cote, G.P. (1983). Structural and functional properties of the non-muscle tropomyosins. Molecular 
& Cellular Biochemistry, 57,127-46. 

Cote, G.P. & Smillie, L.B. (1981). Preparation and some properties of equine platelet tropomyosin. 
Journal of Biological Chemistry, 256,11004-10. 

Culig, Z., Hobisch, A., Hittmair, A., Cronauer, M.V., Radmayr, C , Bartsch, G. & Klocker, H. 
(1997). Androgen receptor gene mutations in prostate cancer. Drugs and Aging, 10,50-8. 

Culkin, D.J., Gelder, F.B., Mata, LA., Zitman, R.I. & Venable, D.D. (1995). Cellular PSA in 
benign and malignant prostate. Prostate, 26,1-4. 

Daniels, G.F. & Grayhack, LT. (1990). Physiology of Prostatic Secretions. Scientific Foundations 
of Urology. Year Book Publishers, Inc.: Chicago. 

Davidson, S.D., Cherry, LP., Choudhury, M.S., Tazaki, H., Mallouh, C & Konno, S. (1999). 
Glyoxalase I activity in human prostate cancer: a potential marker and importance in 
chemotherapy. Journal of Urology, 161,690-1. 

Davis, B.J. (1964). Disc electrophoresis - II. Annals of the New York Academy of Sciences, 121, 

404-36. 

Davis, N.S. (1987). Determination of serotonin and 5-hydroxy-endolacetic acid in guinea pig and 
human prostate using H P L C Prostate, 11,353-60. 

De Jong, W . W . (1971). Chimpanzee foetal haemoglobin: structure and heterogeneity of the gamma 
chain. Biochimica et Biophysica Acta, 251,217-26. 

De Klerk, D.P. (1983). The glycosaminoglycans of normal and hyperplastic prostate. Prostate, 4, 

73-81. 

De Klerk, D.P., Lee, D.V. & Human, HJ. (1984). Glycosaminoglycans of human prostatic cancer. 
Journal of Urology, 131,1008-12. 

de St Groth, B. (1963). Industrial use of synthetic dyes. Biochimica et Biophysica Acta, 71,377-91. 

DeKlerk, D.P. (1983). The glycosaminoglycans of normal and hyperplastic prostate. The Prostate, 

4,73-81. 

Del Rosario, A., Bui, H , Abdulla, M . & Ross, J. (1993). Sulfur-rich prostatic intraluminal 
crystalloids: a surgical pathologic and electron probe x-ray microanalytic study. Human Pathology, 

24,1159-67. 

Dennis, L.K. & Resnick, M.L (2000). Analysis of recent trends in prostate cancer incidence and 

mortality. Prostate, 42,247-52. 

Deswal, R., Chakaravarty, T.N. & Sopory, S.K. (1993). The glyoxalase system in higher plants: 
regulation in growth and differentiation. Biochemical Society Transactions, 21,527-30. 

deVries, C.R., McNeal, LE. & Bensch, K. (1992). The prostatic epithelial cell in dysplasia: an 

ultrastructural perspective. The Prostate, 21,209-21. 

Dhanasekaran, S.M., Barrette, T.R., Ghosh, D., Shah, R., Varambally, S., Kurachi, K., Pienta, K.L, 
Rubin, M.A. & Chinnaiyan, A.M. (2001). Delineation of prognostic biomarkers in prostate cancer. 

Nature, 412,822-26. 

Di Ilio, C , Anelucci, S., Pennelli, A. & Zezza, A. (1993). Glyoxalase activities in tumor and non-
tumor human urogential tissues. Cancer Letters, 96,189. 



194 

Di Ilio, C , Del Boccio, G., Casaccia, R., Aceto, A., Di Giacomo, F. & Federici, G. (1987). 
Selenium level and glutathione-dependent enzyme activities in normal and neoplastic human lung 
tissues. Carcinogenesis, 8,281-4. 

di SantAgnese, PA. (1994). Neuroendocrine differentiation in prostatic adenocarcinoma does not 
represent true paneth cell differentiation. Human Pathology, 25,115-6. 

DiPaola, R.S. & Aisner, J. (1999). Overcoming bcl-2- and p53-mediated resistance in prostate 
cancer. Seminars in Oncology, 26,112-6. 

Doctor, V.M., Sheth, A.R., Simha, M.M., Arbatti, N.J., Aaveri, LP. & Sheth, N.A. (1986). Studies 
on immunocytochemical localization of inhibin-like material in human prostatic tissue: comparison 
of its distribution in normal, benign and malignant prostates. British Journal of Cancer, 53,547-54. 

Dodonov, A.F., Chernushevich, I.V., Dodonona, T.F., Raznikov, V.V. & Talrose, V.L. (1987). 
1681340A1: USSR. 

Dorai, T., Perlman, H., Walsh, K., Shabsigh, A., Goluboff, E.T., Olsson, CA. & Buttyan, R. 
(1999). A recombinant defective adenoviral agent expressing anti-bcl-2 ribozyme promotes 
apoptosis of bcl-2-expressing human prostate cancer cells. International Journal of Cancer, 82, 
846-52. 

Dow, J.K. & deVere White, R.W. (2000). Fibroblast growth factor 2: its structure and property, 
paracrine function, tumor angiogenesis, and prostate-related mitogenic and oncogenic functions. 
Urology, 55, 800-6. 

Draeger, A., Gimona, M., Stuckert, A., Celis, LE. & Small, LV. (1991). Calponin. Developmental 
isoforms and a low molecular weight variant. FEBS Letters, 291,24-8. 

Dube, J.Y., Frenette, G., Paquin, R., Chapdelaine, P., Tremblay, L, Tremblay, R.R., Lazure, C , 
Seidah, N. & Chretien, M . (1987a). Isolation from human seminal plasma of an abundant 16-kDa 
protein originating from the prostate, its identification with a 94-residue peptide originally 
described as beta-inhibin. Journal ofAndrology, 8,182-9. 

Dube, J.Y., Pelletier, G., Gagnon, P. & Tremblay, R.R. (1987b). Immunohistochemical localization 
of a prostatic secretory protein of 94 amino acids in normal prostatic tissue, in primary prostatic 
tumors and in their metastases. Journal of Urology, 138,883-7. 

Dunn, I.F., Heese, O. & Black, P.M. (2000). Growth factors in glioma angiogenesis: FGFs, PDGF, 
EGF, and TGFs. Journal of Neuro-Oncology, 50,121-37. 

Dunn, MJ. & Corbett, J.M. (1996). Two-dimensional polyacrylamide gel electrophoresis. Methods 
in Enzymology, 271,177-203. 

Dutt, M J . & Lee, K.H. (2000). Proteomic analysis. Current Opinion in Biotechnology, 11,176-9. 

Edman, P. (1970). Sequence determination. Molecular Biology, Biochemistry & Biophysics, 8, 
211-55. 

Edman, P. & Begg, G. (1967). A protein sequenator. European Journal of Biochemistry, 1,80-91. 

Edwards, S.M., Badzioch, M.D., Minter, R., Hamoudi, R., Collins, N., Ardern-Jones, A., Dowe, 
A., Osborne, S., Kelly, L, Shearer, R., Easton, D.F., Saunders, G.F., Dearnaley, D.P. & Eeles, R.A. 
(1999). Androgen receptor polymorphisms: association with prostate cancer risk, relapse and 
overall survival. International Journal of Cancer, 84,458-65. 

Eeles, R.A., Durocher, F., Edwards, S., Teare, D., Badzioch, M., Hamoudi, R., Gill, S., Biggs, P., 
Dearnaley, D., Ardern-Jones, A., Dowe, A., Shearer, R., McLennan, D.L., Norman, R.L., 
Ghadirian, P., Aprikian, A., Ford, D., Amos, C , King, T.M., Labrie, F., Simard, L, Narod, S.A., 
Easton, D. & Foulkes, W.D. (1998). Linkage analysis of chromosome lq markers in 136 prostate 



195 

cancer families. The Cancer Research Campaign/British Prostate Group U.K. Familial Prostate 
Cancer Study Collaborators. American Journal of Human Genetics, 62,653-8. 

Egyud, L.G. & Szent-Gyorgyi, A. (1968). Cancerostatic action of methylglyoxal. Science, 160, 
1140. 

Elghany, N.A., Schumacher, M.C, Slattery, ML., West, D.W. & Lee, LS. (1990). Occupation, 
cadmium exposure, and prostate cancer. Epidemiology, 1,107-15. 

Emmert-Buck, M.R., Bonner, R.F., Smith, P.D., Chuaqui, R.F., Zhuang, Z., Goldstein, S.R., Weiss, 
R.A. & Liotta, L.A. (1996). Laser capture microdissection. Science, 274,998-1001. 

Emmert-Buck, M.R., Gillespie, J.W., Paweletz, C.P., Ornstein, D.K., Basrur, V., Appella, E., 
Wang, Q.H., Huang, L, Hu, N., Taylor, P. & Petricion, E.F. (2000). A n approach to proteomic 
analysis of human tumours. Molecular Carcinogenesis, 27,158-65. 

Epstein, J. (1995). Prostate Biopsy Interpretation. Lippincott-Raven Press: Philadelphia-New 
York. 

Epstein, J.L (1994). The Prostate and Seminal Vesicles. In Diagnostic Surgical Pathology, 
Sternberg, S.S. (ed) pp. 1807-1852. Raven Press: N e w York. 

Epstein, J.L & Murphy, W.M. (1997). Diseases of the prostate gland and seminal vesicles. In 
Urological Pathology, Murphy, W.M. (ed). W.B. Saunders Company: Philadelphia. 

Erdelyi, M., Michon, A.M., Guichet, A., Glotzer, LB. & Ephrussi, A. (1995). Requirement for 
Drosophila cytoplasmic tropomyosin in oskar m R N A localization. Nature, 377,524-7. 

Espana, R, Sanchez-Cuenca, L, Estelles, A., Gilabert, L, Griffin, J.H. & Heeb, MJ. (1996). 
Quantitative immunoassay for complexes of prostate-specific antigen with alpha2-macroglobulin. 
Clinical Chemistry, 42,545-50. 

Evans, G.S. & Chandler, J.A. (1987). Cell proliferation studies in the rat prostate: JJ. The effects of 
castration and androgen-induced regeneration upon basal and secretory cell proliferation. Prostate, 
11,339-51. 

Facility, A.P.A. (1999). Australian Proteomics Anaylsis Facility Training Course: Sydney. 

Fair, W.R. & Wehner, N. (1976). The Prostatic Antibacterial Factor: Identity and Ssignificance. 
Vol. 6. Prostatic Disease. Alan R. Liss Publishers: N e w York. 

Fattoum, A., Hartwig, LH. & Stossel, T.P. (1983). Isolation and some structural and functional 
properties of macrophage tropomyosin. Biochemistry, 22,1187-93. 

Fenoglio-Preiser, CM. & Listrom, M.B. (1991). Molecular Diagnostics in Pathology. Oncogenes: 
introduction. Williams and Wilkins: Baltimore. 

Ferhat, L., Charton, G., Represa, A., Ben-Ari, Y., der Terrossian, E. & Khrestchatisky, M. (1996). 
Acidic calponin cloned from neural cells is differentially expressed during rat brain development. 
European Journal of Neuroscience, 8,1501-9. 

Fernlund, P., Granberg, L.B. & Larsson, I. (1996). Cloning of beta-microseminoprotein of the rat: a 
rapidly evolving mucosal surface protein. Archives of Biochemistry & Biophysics, 334,73-82. 

Fernlund, P., Granberg, L.B. & Roepstorff, P. (1994). Amino acid sequence of beta-
microseminoprotein from porcine seminal plasma. Archives of Biochemistry & Biophysics, 309, 
70-6. 

Fichtner, L, Graves, H.C., Thatcher, K., Yemoto, C & Shortliffe, L.M. (1996). Prostate specific 
antigen releases a kinin-like substance on proteolysis of seminal vesicle fluid that stimulates 
smooth muscle contraction. Journal of Urology, 155,738-42. 



196 

Finnegan, N.M., Curtin, J.F., Prevost, G., Morgan, B. & Cotter, T.G. (2001). Induction of apoptosis 
in prostate carcinoma cells by B H 3 peptides which inhibit Bak/Bcl-2 interactions. British Journal 
of Cancer, 85,115-21. 

Fischer, D., Henning, A., Winkler, M., Rath, W., Haubeck, H. & Greiling, H. (1996). Evidence for 
the presence of a large keratan sulphate proteoglycan in the human uterine cervix. Biochemical 
Journal, 320,393-9. 

Fitzgerald, P., Thomson, N. & Thompson, J. (1994). Cancer incidence and mortality in Western 
Australia. Health Department of Western Australia. 

Focarelli, R., Delia Giovampaola, C, Seraglia, R., Brettoni, C, Sabatini, L., Pescaglini, M. & 
Rosati, F. (1999). Biochemical and M A L D I analysis of the human sperm antigen gp20, homologue 
of leukocyte CD52. Biochemical & Biophysical Research Communications, 258,639-43. 

Fortier, A.H., Nelson, B.L, Grella, D.K. & Holaday, J.W. (1999). Antiangiogenic activity of 
prostate-specific antigen. Journal of the National Cancer Institute, 91,1635-40. 

Foster, C.S., Cornford, P., Forsyth, L., Djamgoz, M.B.A. & Ke, Y. (1999). The cellular and 
molecular basis of prostate cancer. British Journal of Urology, 83,171-94. 

Foster, C.S., McLoughlin, L, Bashire, I. & Abel, P.D. (1992). Markers of the metastatic phenotype 
in prostate cancer. Human Pathology, 23,381-94. 

Fowler, J.E., Tau, L.K. & Ghosh, L. (1988). Epidermal growth factor and prostatic carcinoma: an 
immunohistochemical study. Journal of Urology, 139, 857-61. 

Fowler, V.M. & Bennett, V. (1984). Erythrocyte membrane tropomyosin. Purification and 
properties. Journal of Biological Chemistry, 259,5978-89. 

Franks, L.M. (1954). Benign nodular hyperplasia of the prostate : A review. Annals of the Royal 
College of Surgeons of England, 14,92-106. 

Franks, L.M. (1976). Benign prostatic hypertrophy: Gross and microscopic anatomy., Vol. 63. 
Department of Health Education and Welfare, NJJL 

Friend, S.H., Bernards, R. & Rogelj, S. (1986). A human DNA segment with properties of the gene 
that predisposes to retinblastoma and osteosarcoma. Nature, 323,643-6. 

Frydenberg, M., Strieker, P.D. & Kaye, WW. (1997). Prostate cancer diagnosis and management. 
Lancet, 349,1681-7. 

Fudge, K., Bostwick, D.G. & Stearns, M.E. (1996). Platelet-derived growth factor A and B chains 
and the alpha and beta receptors in prostatic intraepithelial neoplasia. Prostate, 29,282-6. 

Fujiwara, Y., Ohata, H., Emi, M., Okui, K., Koyama, K., Tsuchiya, E., Nakajima, T., Monden, M., 
Mori, T. & Kurimasa, A. (1994). A 3-Mb physical map of the chromosome region 8p21.3-p22, 
including a 600-kb region commonly deleted in human hepatocellular carcinoma, colorectal cancer, 
and non-small cell lung cancer. Genes, Chromosomes & Cancer, 10,7-14. 

Fung, E.T., Wright, G.L., Jr. & Dalmasso, E.A. (2000). Proteomic strategies for biomarker 
identification: progress and challenges. Current Opinion in Molecular Therapeutics, 2, 643-50. 

Futcher, B., Latter, G.I., Monardo, P., McLaughlin, C.S. & Garrels, J.L (1999). A sampling of the 
yeast proteome. Molecular & Cellular Biology, 19,7357-68. 

Gaffar, S.A., Princler, G.L., Mclntire, K.R. & Braatz, J.A. (1980). A human lung tumor-associated 
antigen cross-reactive with alpha 1-antichymotrypsin. Journal of Biological Chemistry, 255, 8334-
9. 

Galan, J.M. & Haguenauer-Tsapis, R. (1997). Ubiquitin lys63 is involved in ubiquitination of a 
yeast plasma membrane protein. EMBO Journal, 16,5847-54. 



197 

Galan, J.M., Moreau, V., Andre, B., Volland, C. & Haguenauer-Tsapis, R. (1996). Ubiquitination 
mediated by the Npilp/Rsp5p ubiquitin-protein ligase is required for endocytosis of the yeast uracil 
permease. Journal of Biological Chemistry, 271,10946-52. 

Gann, P.H., Klein, K.G., Chatterton, R.T., Ellman, A.E., Grayhack, J.T., Nadler, R.B. & Lee, C 
(1999). Growth factors in expressed prostatic fluid from men with prostate cancer, BPH, and 
clinically normal prostates. Prostate, 40,248-55. 

Garde, S., Sheth, A., Porter, A.T. & Pienta, K.L (1993). Effect of prostatic inhibin peptide (PIP) on 
prostate cancer cell growth in vitro and in vivo. Prostate, 22,225-33. 

Garde, S.V., Sheth, A.R., Shah, M.G. & Kulkarni, S.A. (1991). Prostate-an extrapituitary source 
of follicle-stimulating hormone (FSH): occurrence, localization, and de novo biosynthesis and its 
hormonal modulation in primates and rodents. Prostate, 18,271-87. 

Gasparic, V., Bjellquist, B. & Rosengren, A. (1975). 14049-1: Sweden. 

Gianazza, E, Celentano, F., Magenes, S., Ettori, C & Righetti, P.G. (1989). Formulations for 
immobilized p H gradients including p H extremes. Electrophoresis, 10,806-8. 

Gillespie, E. (1979). Effects of S-lactoylglutathione and inhibitors of glyoxalase I on histamine 
release from human leukocytes. Nature, 277,135-7. 

Gimona, M., Herzog, M., Vandekerckhove, L & Small, LV. (1990). Smooth muscle specific 
expression of calponin. FEBS Letters, 274,159-62. 

Gimona, M. & Mital, R. (1998). The single CH domain of calponin is neither sufficient nor 
necessary for F-actin binding. Journal of Cell Science, 111, 1813-21. 

Gimona, M. & Small, VJ. (1996). Biochemistry of Smooth Muscle Contraction. Academic Press: 
San Diego. 

Gimona, M., Sparrow, M.P., Strasser, P., Herzog, M . & Small, LV. (1992). Calponin and S M 22 
isoforms in avian and mammalian smooth muscle. Absence of phosphorylation in vivo. European 
Journal of Biochemistry, 205,1067-75. 

Giovannucci, E. (1995). Epidemiologic characteristics of prostate cancer. Cancer, 75,1766-77. 

Giovannucci, E., Rimm, E.B., Colditz, G.A., Stampfer, M.L, Ascherio, A., Chute, C.C. & Willett, 
W . C (1993). A prospective study of dietary fat and risk of prostate cancer. Journal of the National 
Cancer Institute, 85,1571-9. 

Gittes, R.F. (1991). Carcinoma of the Prostate. New England Journal of Medicine, 32A, 236-45. 

Glass, D.B., el-Maghrabi, M.R. & Pilkis, S J. (1986). Synthetic peptides corresponding to the site 
phosphorylated in 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase as substrates of cyclic 
nucleotide-dependent protein kinases. Journal of Biological Chemistry, 261,2987-93. 

Glasson, M.L, Molloy, M.P., Walsh, B J., Willcox, M.D., Morris, CA. & Williams, K.L. (1998). 
Development of mini-gel technology in two-dimensional electrophoresis for mass-screening of 
samples: application to tears. Electrophoresis, 19,852-5. 

Gleason, D.F. (1966). Classification of prostatic carcinomas. Cancer Chemotherapy Reports - Part 
1,50,125-8. 

Gleave, M., Hsieh, J.T., Gao, C.A., von Eschenbach, A.C. & Chung, L.W. (1991). Acceleration of 
human prostate cancer growth in vivo by factors produced by prostate and bone fibroblasts. Cancer 

Research, 51,3753-61. 

Goldgar, D.E., Easton, D.F., Cannon-Albright, L A . & Skolnick, M.H. (1994). Systematic 
population-based assessment of cancer risk in first-degree relatives of cancer probands. Journal of 
the National Cancer Institute, 86,1600-8. 



198 

Gordon, W.L., Liu, W.K., Akiyama, K., Tsuda, R., Hara, M., Schmid, K. & Ward, D.N. (1987). 
Beta-microseminoprotein (beta-MSP) is not an inhibin. Biology of Reproduction, 36,829-35. 

Gorg, A., Obermaier, C , Boguth, G., Csordas, A., Diaz, JJ. & Madjar, J.L (1997). Very alkaline 
immobilized p H gradients for two-dimensional electrophoresis of ribosomal and nuclear proteins. 
Electrophoresis, 18,328-37. 

Gorg, A., Postel, W., Weser, L, Patutschnick, W. & Cleve, H. (1985). Improved resolution of PI 
(alpha 1-antitrypsin) phenotypes by a large-scale immobilized p H gradient. American Journal of 
Human Genetics, 37,922-30. 

Gorg, A. & Werner, S. (1966). [Light microscopic and electron microscopic studies of normal and 
pathological histology of the prostate with particular consideration of the nervous system]. Acta 
Neurovegetativa, 29,203-19. 

Grasso, A.W., Wen, D., Miller, CD., Rhim, ].S., Pretlow, T.G. & Kung, HJ. (1997). ErbB kinases 
and N D F signaling in human prostate cancer cells. Oncogene, 15,2705-16. 

Green, C.B., Liu, W.Y. & Kwok, S.C (1990). Cloning and nucleotide sequence analysis of the 
human beta-microseminoprotein gene. Biochemical & Biophysical Research Communications, 167, 
1184-90. 

Gregg, C T . (1968). Inhibition of mammalian cell division by glyoxals. Experimental Cell 
Research, 50,65-72. 

Gronberg, H., Xu, L, Smith, J.R., Carpten, J.D., Isaacs, S.D., Freije, D., Bova, G.S., Danber, J.E., 
Bergh, A., Walsh, P.C, Collins, F.S., Trent, J.M., Meyers, D.A. & Isaacs, W.B. (1997). Early age 
at diagnosis in families providing evidence of linkage to the hereditary prostate cancer locus 
(HPC1) on chromosome 1. Cancer Research, 57,4707-9. 

Grover, P.K. & Resnick, M.L (1995). Analysis of prostatic fluid: Evidence for the presence of a 
prospective marker for prostatic cancer. The Prostate, 26,12-8. 

Grover, P.K. & Resnick, M.L (1997). High resolution two-dimensional electrophoretic analysis of 
urinary proteins of patients with prostatic cancer. Electrophoresis, 18, 814-8. 

Gunning, P., Weinberger, R. & Jeffrey, P. (1997). Actin and tropomyosin isoforms in 
morphogenesis. Anatomy & Embryology, 195,311-5. 

Gygi, S.P., Cordials, G.L., Zhang, Y., Rochon, Y. & Aebersold, R. (2000). Evaluation of two-
dimensional gel electrophoresis-based proteome analysis technology. Proceedings of the National 
Academy of Sciences of the United States of America, 97,9390-5. 

Gygi, S.P., Rist, B., Gerber, S.A., Turecek, R, Gelb, M.H. & Aebersold, R. (1999). Quantitative 
analysis of complex protein mixtures using isotope-coded affinity tags. Nature Biotechnology, 17, 

994-9. 

Haas, A.L. (1997). Introduction: evolving roles for ubiquitin in cellular regulation. FASEB Journal, 

11,1053-4. 

Haas, A.L., Ahrens, P., Bright, P.M. & Ankel, H. (1987). Interferon induces a 15-kilodalton protein 
exhibiting marked homology to ubiquitin. Journal of Biological Chemistry, 262,11315-23. 

Habib, F.K. & Grant, E.S. (1996). Molecular and cellualr biology of the prostate: is it clinically 

relevant? British Journal of Urology, 78,546-551. 

Hames, B.D. & Rickwood, D. (1990). Gel Electrophoresis of Proteins. A Practical Approach. URL 

Press,: N e w York. 

Hamilton, T.A., Wada, H.G. & Sussman, H.H. (1980). Expression of human placental cell surface 
antigens on peripheral blood lymphocytes and lymphoblastoid cell lines. Scandinavian Journal of 

Immunology, 11,195-201. 



199 

Hanchette, C L . & Schwartz, G.G. (1992). Geographic patterns of prostate cancer mortality. 
Cancer, 70,2861-9. 

Hannan, A J., Schevzov, G., Gunning, P., Jeffrey, PL. & Weinberger, R.P. (1995). Intracellular 
localization of tropomyosin m R N A and protein is associated with development of neuronal 
polarity. Molecular & Cellular Neurosciences, 6,397-412. 

Harper, M.E., Goddard, L., Glynne-Jones, E, Wilson, D.W., Price-Thomas, M., Peeling, W.B. & 
Griffiths, K. (1993). A n immunochemical analysis of TGF-alpha expression in benign and 
malignant prostate. Prostate, 23,9-23. 

Harry, J.L., Wilkins, M.R., Herbert, B.R., Packer, N.H., Gooley, AA. & Williams, K.L. (2000). 
Proteomics: capacity versus utility. Electrophoresis, 21,1071-81. 

Harvei, S. & Kravdal, O. (1997). The importance of marital and socioeconomic status in incidence 
and survival of prostate cancer. A n analysis of complete Norwegian birth cohorts. Preventive 
Medicine, 26,623-32. 

Hashimoto, K., Yano, A., Tanabe, T., Usui, T., Kihira, Y. & Matsuo, Y. (1997). Localization and 
expression of matrix metalloproteinase-7 in human prostate. Nippon Hinyokika Gakkai Zasshi -
Japanese Journal of Urology, 88, 852-7. 

Hayes, R.B., Brown, L.M., Schoenberg, LB., Greenberg, R.S., Silverman, D.T., Schwartz, A.G., 
Swanson, G.M., Benichou, L, Liff, J.M., Hoover, R.N. & Pottern, L.M. (1996). Alcohol use and 
prostate cancer risk in U S blacks and whites. American Journal of Epidemiology, 143, 692-7. 

Hayward, S.W. & Cunha, G.R. (2000). The prostate: development and physiology. Radiologic 
Clinics of North America, 38,1-14. 

Heidtmann, H.H. & Havemann, K. (1996). Assay of complexed 1-antichymotrypsin in plasma. 
Clinical Chemistry, 39, 869-74. 

Heidtmann, H.H., Nettelbeck, D.M., Mingels, A., Jager, R., Welker, H.G. & Kontermann, R.E. 
(1999). Generation of angiostatin-like fragments from plasminogen by prostate-specific antigen. 
British Journal of Cancer, 81,1269-73. 

Heimburger, N. & Haupt, H. (1965). [Characterization of alpha-1-X-glycoprotein as chymotrypsin 
inhibitor of human plasma]. Clinica ChimicaActa, 12,116-8. 

Helfman, D.M., Cheley, S., Kuismanen, E., Finn, L.A. & Yamawaki-Kataoka, Y. (1986). 
Nonmuscle and muscle tropomyosin isoforms are expressed from a single gene by alternative R N A 
splicing and polyadenylation. Molecular & Cellular Biology, 6,3582-95. 

Hendricks, M . & Weintraub, H. (1981). Tropomyosin is decreased in transformed cells. 
Proceedings of the National Academy of Sciences of the United States of America, 78, 5633-7. 

Hendricks, M . & Weintraub, H. (1984). Multiple tropomyosin polypeptides in chicken embryo 
fibroblasts: differential repression of transcription by Rous sarcoma virus transformation. 
Molecular & Cellular Biology, 4,1823-33. 

Henzel, W.J., Billed, T.M., Stults, J.T., Wong, S.C, Grimley, C & Watanabe, C (1993). 
Identifying proteins from two-dimensional gels by molecular mass searching of peptide fragments 
in protein sequence databases. Proceedings of the National Academy of Sciences of the United 

States of America, 90, 5011-5. 

Herbert, B. (1999). Advances in protein solubilisation for two-dimensional electrophoresis. 

Electrophoresis, 20,660-3. 

Herbert, B.R., Molloy, M . P., Gooley, A. A., Walsh, B. L, Bryson, W . G. and Williams, K. L. 
(1998). Improved protein solubility and alkylation in 2D electrophoresis using tributyl phosphine 
and acrylamide. Electrophoresis. 



200 

Herbert, B.R., Molloy, M.P., Gooley, A.A., Walsh, B J., Bryson, W.G. & Williams, K.L. (1998). 
Improved protein solubility in two-dimensional electrophoresis using tributyl phosphine as 
reducing agent. Electrophoresis, 19,845-51. 

Hershko, A. & Ciechanover, A. (1992). The ubiquitin system for protein degradation. Annual 
Review of Biochemistry, 61, 761-807. 

Hershko, A. & Ciechanover, A. (1998). The ubiquitin system. Annual Review of Biochemistry, 67, 
425-79. 

Hicke, L. & Riezman, H. (1996). Ubiquitination of a yeast plasma membrane receptor signals its 
ligand-stimulated endocytosis. Cell, 84,277-87. 

Hill, R.E., Shaw, P.H., Boyd, P.A., Baumann, H. & Hastie, N.D. (1984). Plasma protease inhibitors 
in mouse and man: divergence within the reactive centre regions. Nature, 311,175-7. 

Hitchcock, S.E. (1977). Regulation of motility in nonmuscle cells. Journal of Cell Biology, 74, 1-
15. 

Hochstrasser, M . (1996). Ubiquitin-dependent protein degradation. Annual Review of Genetics, 30, 
405-39. 

Hochstrasser, M . (1998). There's the rub: a novel ubiquitin-like modification linked to cell cycle 
regulation. Genes & Development, 12, 901-7. 

Horiuchi, A., Nikaido, T., Ya-Li, Z., Ito, K., Orii, A. & Fujii, S. (1999). Heparin inhibits 
proliferation of myometrial and leiomyomal smooth muscle cells through the induction of alpha-
smooth muscle actin, calponin hi and p27. Molecular Human Reproduction, 5,139-45. 

Houweling, A., van den Elsen, PJ. & van der Eb, A.L (1980). Partial transformation of primary rat 
cells by the leftmost 4.5% fragment of adenovirus 5 D N A . Virology, 105,537-50. 

Hsing, A.W., McLaughlin, J.K., Hrubec, Z., Blot, W.J. & Fraumeni, JR., Jr. (1991). Tobacco use 
and prostate cancer: 26-year follow-up of U S veterans. American Journal of Epidemiology, 133, 
437-41. 

Huang, C.L., Brassil, D., Rozzell, M., Schellhammer, PR. & Wright, G.L., Jr. (1993). Comparison 
of prostate secretory protein with prostate specific antigen and prostatic acid phosphatase as a 
serum biomarker for diagnosis and monitoring patients with prostate carcinoma. Prostate, 23,201-

12. 

Huang, C.L., Liang, H.M., Brassil, D., Schellhammer, PR., Rozzell, M., Newhall, K., Beckett, 
M.L. & Wright, G.L. (1992). Two-site monoclonal antibody-based immunoradiometric assay for 
measuring prostate secretory protein in serum. Clinical Chemistry, 38, 817-23. 

Huber, P.R., Mattarelli, G., Strittmatter, B., van Steenbrugge, G.L, Schmid, H.P. & Maurer, A. 
(1995). In vivo and in vitro complex formation of prostate specific antigen with alpha 1-anti
chymotrypsin [see comments]. Prostate, 27,166-75. 

Hudig, D., Haverty, T., Fulcher, C , Redelman, D. & Mendelsohn, J. (1981). Inhibition of human 
natural cytotoxicity by macromolecular antiproteases. Journal of Immunology, 126,1569-74. 

Hunt, L.T. & Dayhoff, M.O. (1980). A surprising new protein superfamily containing ovalbumin, 
antithrombin-HI, and alpha 1-proteinase inhibitor. Biochemical & Biophysical Research 

Communications, 95,864-71. 

Huttner, W.B., Gerdes, H.H. & Rosa, P. (1991). The granin (chromogramn/secretogranin) family. 

Trends in Biochemical Sciences, 16,27-30. 

Hyakutake, H., Sakai, H., Yogi, Y., Tsuda, R., Minami, Y., Yushita, Y., Kanetake, H , Nakazono, 
I. & Saito, Y. (1993). Beta-microseminoprotein immunoreactivity as a new prognostic indicator of 

prostatic carcinoma. Prostate, 22,347-55. 



201 

Ibrahim, G.K., MacDonald, LA., Kerns, B J., Ibrahim, S.N., Humphrey, P A . & Robertson, C N . 
(1992). Differential immunoreactivity of her-2/neu oncoprotein in prostatic tissues. Surgical 
Oncology, 1,151-5. 

Ideker, T., Thorsson, V., Ranish, LA., Christmas, R., Buhler, L, Eng, J.K., Bumgamer, R., 
Goodlett, D.R., Aebersold, R. & Hood, L. (2001). Integrated genomic and proteomic analyses of a 
systematically perturbed metabolic network. Science, 292,929-34. 

Igawa, M., Urakami, S., Shiina, H, Ishibe, T., Shirane, T., Usui, T. & Chodak, GW. (1996). 
Immunohistochemical evaluation of proliferating cell nuclear antigen, prostate-specific antigen and 
alpha 1-antichymotrypsin in human prostate cancer. British Journal of Urology, 77,107-12. 

Iida, S., Suzuki, K., Matsuoka, K., Takazono, I., Shimada, A., Inoue, M., Yahara, J. & Noda, S. 
(1997). Analysis of glycosaminoglycans in human prostate by high-performance liquid 
chromatography. British Journal of Urology, 79,763-9. 

Imasato, Y., Xuan, J.W., Sakai, H, Izawa, J.L, Saito, Y., Chin, J.L. & Moussa, M. (2000). PSP94 
expression after androgen deprivation therapy: a comparative study with prostate specific antigen 
in benign prostate and prostate cancer. Journal of Urology, 164,1819-24. 

Imbert, A., Chaffanet, M., Essioux, L., Noguchi, T., Adelaide, L, Kerangueven, R, Le Paslier, D., 
Bonaiti-Pellie, C , Sobol, H , Birnbaum, D. & Pebusque, M.L (1996). Integrated map of the 
chromosome 8pl2-p21 region, a region involved in human cancers and Werner syndrome. 
Genomics, 32,29-38. 

Incognito, L.S., Cazares, L.H., Schellhammer, PR., Kuban, D.A., Van Dyk, E.O., Moriarty, R.P., 
Wright, G.L., Jr. & Somers, K.D. (2000). Overexpression of p53 in prostate carcinoma is 
associated with improved overall survival but not predictive of response to radiotherapy. 
International Journal of Oncology, 17, 761-9. 

Ingles, S.A., Ross, R.K., Yu, M . C , Irvine, R.A., La Pera, G., Haile, R.W. & Coetzee, G.A. (1997). 
Association of prostate cancer risk with genetic polymorphisms in vitamin D receptor and 
androgen receptor. Journal of the National Cancer Institute, 89,166-70. 

Iozzo, R.V. (1984). Proteoglycans and neoplastic—mesenchymal cell interactions. Human 
Pathology, 15,2-10. 

Iozzo, R.V. (1998). Matrix proteoglycans: from molecular design to cellular function. Annual 
Review of Biochemistry, 67,609-52. 

Iozzo, R.V. (1999). The biology of the small leucine-rich proteoglycans. Functional network of 
interactive proteins. Journal of Biological Chemistry, 274,18843-6. 

Iozzo, R.V., Goldes, LA., Chen, W J . & Wight, T.N. (1981). Glycosaminoglycans of pleural 
mesothelioma: a possible biochemical variant containing chondroitin sulphate. Cancer, 48, 89-97. 

Isaacs, LT. (1984). Antagonistic effect of androgen on prostatic cell death. The Prostate, 5,545-57. 

Isaacs, J.T., Cusseenot, O., Jankevicius, R, Klocker, H, Kubota, Y., Morgia, G., Rennie, P. & 
Schmitz-Drager, BJ. (1996). Growth regulation of normal and malignant prostatic cells. In 
Proceedings of the First International Consultation on Prostate Cancer, Chatelain, G., Griffiths, 
K., Khoury, S. & Cockett, A.T. (eds) pp. 31-81. World Health Organisation, International Union 

Against Cancer. 

Isaacs, W.B., Bova, G.S., Morton, R.A., Bussemakers, M.J.G., Brooks, J.D. & Ewing, C M . 
(1995). Molecular genetics and chromosomal alterations in prostate cancer. Cancer, 75,2004-12. 

Ittmann, M. (1996). Allelic loss on chromosome 10 in prostate adenocarcinoma. Cancer Research, 

56,2143-7. 

Jain, K.K. (2000). Applications of proteomics in oncology. Pharmacogenomics, 1,385-93. 



202 

James, P., Quadroni, M., Carafoli, E. & Gonnet, G. (1993). Protein identification by mass profile 
fingerprinting. Biochemical & Biophysical Research Communications, 195,58-64. 

Jenkins, R.B., Qian, L, Lieber, M.M. & Bostwick, D.G. (1997). Detection of c-myc oncogene 
amplification and chromosomal anomalies in metastatic prostatic carcinoma by fluorescence in situ 
hybridization. Cancer Research, 57,52431. 

Jentsch, S. (1992). The ubiquitin-conjugation system. Annual Review of Genetics, 26,179-207. 

Jentsch, S. & Schlenker, S. (1995). Selective protein degradation: a journey's end within the 
proteasome. Cell, 82,881-4. 

Jentsch, S. & Ulrich, H.D. (1998). Protein breakdown. Ubiquitous deja vu. Nature, 395,321-3. 

Jerzykowski, T., Matuszewski, W., Otrzonsek, N. & Winter, R. (1970). Antineoplastic action of 
methylglyoxal. Neoplasma, 17,25-35. 

Jerzykowski, T., Matuszewski, W. & Winter, R. (1974). Glyoxalase system enzyme activity in the 
liver of rats fed dimethylaminoazobenzene. Neoplasma, 21,679-83. 

Jerzykowski, T., Winter, R., Matuszewski, W. & Piskorska, D. (1978). A re-evaluation of studies 
on the distribution of glyoxalases in animal and tumour tissues. International Journal of 
Biochemistry, 9, 853-60. 

Jin, M., Nilsson, B.O., Larsson, A., Hellman, U. & Ronquist, G. (1997). The anti-human 
prostasome m A b 78 binds to an antigen distinct from PSA and PAP. Journal of Urology, 157, 
1932-1936. 

Johansson, L, Sheth, A., Cederlund, E. & Jornvall, H. (1984). Analysis of an inhibin preparation 
reveals apparent identity between a peptide with inhibin-like activity and a sperm-coating antigen. 
FEBS Utters, 176,21-6. 

John, E.M., Whittemore, A.S., W u , A.H., Kolonel, L.N., Hislop, T.G., Howe, G.R., West, D.W., 
Hankin, L, Dreon, D.M. & Teh, C.Z. (1995). Vasectomy and prostate cancer: results from a 
multiethnic case-control study. Journal of the National Cancer Institute, 87,662-9. 

Johnson, P.R. & Hochstrasser, M.l. (1997). SUMO-1: Ubiquitin gains weight. Trends Cellular 
Biology, 7,408-13. 

Johnston-Wilson, N.L., Bouton, CM., Pevsner, L, Breen, JJ., Torrey, ER. & Yolken, R.H. (2001). 
Emerging technologies for large-scale screening of human tissues and fluids in the study of severe 
psychiatric disease. International Journal of Neuropsychopharmacology, 4, 83-92. 

Jones, P A . & Laird, P.W. (1999). Cancer epigenetics comes of age. Nature Genetics, 21,163-7. 

Jung, K., Brux, B., Lein, M., Rudolph, B., Kristiansen, G., Hauptmann, S., Schnorr, D., Loening, 
S.A. & Sinha, P. (2000). Molecular forms of prostate-specific antigen in malignant and benign 
prostatic tissue: biochemical and diagnostic implications. Clinical Chemistry, 46,47-54. 

Kabalin, J.N. (1992). Surgical anatomy of the genitourinary tract. In Campbell's Urology, Walsh, 
P.C, Retik, A.B., Stamey, T.A. & Vaughan, E.D. (eds) pp. 1-69. W . B. Saunders Company: 
Philadelphia. 

Kake, T., Kimura, S., Takahashi, K. & Maruyama, K. (1995). Calponin induces actin 
polymerization at low ionic strength and inhibits depolymerization of actin filaments. Biochemical 

Journal, 312,587-92. 

Kalsheker, N.A. (1996). Alpha 1-antichymotrypsin. International Journal of Biochemistry & Cell 

Biology, 28,961-4. 



203 

Kamitani, T., Kito, K., Nguyen, H.P., Fukuda-Kamitani, T. & Yeh, E.T. (1998a). Characterization 
of a second member of the sentrin family of ubiquitin-like proteins. Journal of Biological 
Chemistry, 273,11349-53. 

Kamitani, T., Kito, K., Nguyen, H.P. & Yeh, E.T. (1997a). Characterization of NEDD8, a 
developmentally down-regulated ubiquitin-like protein. Journal of Biological Chemistry, 272, 
28557-62. 

Kamitani, T., Nguyen, H.P., Kito, K., Fukuda-Kamitani, T. & Yeh, E.T. (1998b). Covalent 
modification of P M L by the sentrin family of ubiquitin-like proteins. Journal of Biological 
Chemistry, 273,3117-20. 

Kamitani, T., Nguyen, H.P. & Yeh, E.T. (1997b). Preferential modification of nuclear proteins by a 
novel ubiquitin-like molecule. Journal of Biological Chemistry, 272,14001-4. 

Karas, M., Bachmann, D., Bahr, U. & Hillenkamp, F. (1987). Matrix-assisted ultraviolet laser 
desorption of non- volatile compounds. International Journal of Mass Spectrometry, 78 (pages??). 

Katsunuma, T., Tsuda, M., Kusumi, T., Ohkubo, T., Mitomi, T., Nakasaki, H., Tajima, T., 
Yokoyama, S., Kamiguchi, H., Kobayashi, K. & Shinoda, H. (1980). Purification of a serum D N A 
binding protein (64DP) with a molecular weight of 64,000 and its diagnostic significance in 
malignant diseases. Biochemical & Biophysical Research Communications, 93,552-7. 

Kawamura, M . & Maruyama, K. (1970). Electron microscopic particle length of F-actin 
polymerized in vitro. Journal of Biochemistry, 67,437-57. 

Kelavkar, U.P., Cohen, C , Kamitani, H., Eling, T.E. & Badr, K R . (2000). Concordant induction of 
15-lipoxygenase-l and mutant p53 expression in human prostate adenocarcinoma: correlation with 
Gleason staging. Carcinogenesis, 21,1777-87. 

Kelly, U.L., Cooper, E.H., Alexander, C & Stone, J. (1978). The assessment of antichymotrypsin 
in cancer monitoring. Biomedicine, 28,209-15. 

Kenrick, K.G. & Margolis, J. (1970). Isoelectric focusing and gradient gel electrophoresis: a two-
dimensional technique. Analytical Biochemistry, 33,204-7. 

Kharbanda, K., Dhingra, S.R. & Duraiswami, S. (1991). Secretion of inhibin-like material by rat 
ventral prostate epithelial cells in culture. Prostate, 18,59-71. 

Killian, C.S., Corral, D.A., Kawinski, E. & Constantine, R.I. (1993). Mitogenic response of 
osteoblast cells to prostate-specific antigen suggests an activation of latent TGF-beta and a 
proteolytic modulation of cell adhesion receptors. Biochemical & Biophysical Research 
Communications, 192,940-7. 

Kipreos, E.T., Lander, L.E., Wing, LP., He, W W . & Hedgecock, E.M. (1996). cul-1 is required for 
cell cycle exit in C. elegans and identifies a novel gene family. Cell, 85,829-39. 

Kislauskis, E.H., Zhu, X. & Singer, R.H. (1997). beta-Actin messenger R N A localization and 
protein synthesis augment cell motility. Journal of Cell Biology, 136,1263-70. 

Klose, J. (1975). Protein mapping by combined isoelectric focusing and electrophoresis in mouse 
tissues. A novel approach to testing for induced point mutations in mammals. Humangenetik, 26, 

231-43. 

Klose, J. & Kobalz, U. (1995). Two-dimensional electrophoresis of proteins: an updated protocol 
and implications for a functional analysis of the genome. Electrophoresis, 16,1034-59. 

Kobayashi, R., Tawata, M., Mace, M L . , Jr., Bradley, W.A. & Field, LB. (1982). Purification and 
characterization of tropomyosin from bovine thyroid. Biochimica et Biophysica Acta, 702,220-32. 



204 

Kofoed, LA., Tumilasci, O.R., Curbelo, H.M., Fernandez Lemos, S.M., Arias, N.H. & Houssay, 
A.B. (1990). Effects of castration and androgens upon prostatic proteoglycans in rats. Prostate, 16, 
93-102. 

Kohan, S., Froysa, B., Cederlund, R, Fairwell, T., Lerner, R., Johansson, L, Khan, S., Ritzen, M., 
Jomvall, H. & Cekan, S. (1986). Peptides of postulated inhibin activity. Lack of in vitro inhibin 
activity of a 94-residue peptide isolated from human seminal plasma, and of a synthetic replicate of 
its C-terminal 28-residue segment. FEBS Letters, 199,242-8. 

Kolakowski, L, Makuch, R., Stepkowski, D. & Dabrowska, R. (1995). Interaction of calponin with 
actin and its functional implications. Biochemical Journal, 306,199-204. 

Kolin, A. (1955). Isoelectric Focusing. Journal of Chemistry and Physics, 23,407-8. 

Rolling, R. & Hollenberg, CP. (1994). The ABC-transporter Ste6 accumulates in the plasma 
membrane in a ubiquitinated form in endocytosis mutants. EMBO Journal, 13, 3261-71. 

Konishi, N., Tao, M., Nakamura, M., Kitahaori, Y., Hiasa, Y. & Nagai, H. (1996). Genomic 
alterations in human prostate carcinoma cell lines by two-dimensional gel analysis. Cellular & 
Molecular Biology, 42,1129-35. 

Kornitzer, D. & Ciechanover, A. (2000). Modes of regulation of ubiquitin-mediated protein 
degradation. Journal of Cellular Physiology, 182,1-11. 

Koteliansky, V.E., Shirinsky, V.P., Glukhova, M.A., Nowak, E. & Dabrowska, R. (1983). The 
effect of non-muscle tropomyosin on the interaction of filamin with F-actin. FEBS Letters, 155, 85-
7. 

Kumar, A., Mikolajczyk, S.D., Goel, A.S., Millar, L.S. & Saedi, M.S. (1997). Expression of pro 
form of prostate-specific antigen by mammalian cells and its conversion to mature, active form by 
human kallikrein 2. Cancer Research, 57,3111-4. 

Kumar, S., Tomooka, Y. & Noda, M . (1992). Identification of a set of genes with developmentally 
down-regulated expression in the mouse brain. Biochemical & Biophysical Research 
Communications, 185,1155-61. 

Kumar, S., Yoshida, Y. & Noda, M . (1993). Cloning of a c D N A which encodes a novel ubiquitin-
like protein. Biochemical & Biophysical Research Communications, 195,393-9. 

Kwong, L, Chan, F.L., Jiang, S., Guo, Y., Imasato, Y., Sakai, H., Koropatnick, L, Chin, J.L. & 
Xuan, J.W. (1999). Differential expression of PSP94 in rat prostate lobes as demonstrated by an 
antibody against recombinant GST-PSP94. Journal of Cellular Biochemistry, 74,406-17. 

Kwong, L, Xuan, J.W., Chan, P.S., Ho, S.M. & Chan, F.L. (2000). A comparative study of 
hormonal regulation of three secretory proteins (prostatic secretory protein-PSP94, probasin, and 
seminal vesicle secretion II) in rat lateral prostate. Endocrinology, 141,4543-51. 

Laine, A., Hachulla, E. & Hayem, A. (1989). The microheterogeneity of serum alpha 1-
antichymotrypsin revealed by interaction with concanavalin A in crossed 
immunoaffinoelectrophoresis and in affinity chromatography. Electrophoresis, 10,227-33. 

Laine, A. & Hayem, A. (1981). Purification and characterization of alpha 1-antichymotrypsin from 
human pleural fluid and human serum. Biochimica et Biophysica Acta, 668,429-38. 

Laing, N.G., Wilton, S.D., Akkari, P.A., Dorosz, S., Boundy, K., Kneebone, C , Blumbergs, P., 
White, S., Watkins, H. & Love, D.R. (1995). A mutation in the alpha tropomyosin gene T P M 3 
associated with autosomal dominant nemaline myopathy. Nature Genetics, 9,75-9. 

Lammer, D., Mathias, N, Laplaza, J.M., Jiang, W., Liu, Y., Callis, L, Goebl, M. & Estelle, M. 
(1998). Modification of yeast Cdc53p by the ubiquitin-related protein rublp affects function of the 

SCFCdc4 complex. Genes & Development, 12,914-26. 



205 

Land, H., Parada, L.F. & Weinberg, R.A. (1983). Tumorigenic conversion of primary embryo 
fibroblasts requires at least two cooperating oncogenes. Nature, 304,596-602. 

Landis, S.H., Murray, T., Bolden, S. & Wingo, PA. (1998). Cancer Statistics. CA: A Cancer 
Journal for Clinicians, 48,6-30. 

Lange, E.M., Chen, H, Brierley, K., Perrone, E.E., Bock, C.H., Gillanders, E., Ray, MR. & 
Cooney, K.A. (1999). Linkage analysis of 153 prostate cancer families over a 30-cM region 
containing the putative susceptibility locus HPCX. Clinical Cancer Research, 5,4013-20. 

Langen, H., Bemdt, P., Roder, D., Cairns, N., Lubec, G. & Fountoulakis, M. (1999). Two-
dimensional map of human brain proteins. Electrophoresis, 20,907-16. 

Larsen, K., Aronsson, A.C, Marmstal, E. & Mannervik, B. (1985). Immunological comparison of 
glyoxalase I from yeast and mammals and quantitative determination of the enzyme in human 
tissues by radioimmunoassay. Comparative Biochemistry & Physiology - B: Comparative 
Biochemistry, 82,625-38. 

Laurie, LA., Hahn, R.G., Therneau, T.M., Patel, S.R., Mailliard, LA., Windschitl, H.E., Twito, 
D.L, Morton, R R . & Krook, LE. (1992). Chemotherapy for hormonally refractory advanced 
prostate carcinoma. A comparison of combined versus sequential treatment with mitomycin C, 
doxorubicin, and 5-fluorouracil. Cancer, 69,1440-4. 

Lazard, D., Sastre, X., Frid, M.G., Glukhova, M.A., Thiery, J.P. & Koteliansky, V.E. (1993). 
Expression of smooth muscle-specific proteins in myoepithelium and stromal myofibroblasts of 
normal and malignant human breast tissue. Proceedings of the National Academy of Sciences of the 
United States of America, 90,999-1003. 

Leavitt, L, Latter, G., Lutomski, L., Goldstein, D. & Burbeck, S. (1986). Tropomyosin isoform 
switching in tumorigenic human fibroblasts. Molecular & Cellular Biology, 6,2721-6. 

Leavitt, L, Ng, S.Y., Varma, M., Latter, G., Burbeck, S., Gunning, P. & Kedes, L. (1987). 
Expression of transfected mutant beta-actin genes: transitions toward the stable tumorigenic state. 
Molecular & Cellular Biology, 7,2467-76. 

Lee, C , Sintich, S.M., Mathews, E.P., Shah, A.H., Kundu, S.D., Perry, K.T., Cho, J.S., Ilio, K.Y., 
Cronauer, M.V., Janulis, L. & Sensibar, LA. (1999). Transforming growth factor-beta in benign 
and malignant prostate. Prostate, 39,285-90. 

Lee, C , Tsai, Y., Sensibar, L, Oliver, L. & Grayhack, J.T. (1986). Two-dimensional 
characterization of prostatic acid phosphatase, prostatic specific antigen and prostate binding 
protein in expressed prostatic fluid. Prostate, 9,135-46. 

Lee, W.H., Bookstein, R. & Hong, F.D. (1987). Human retinblastoma susceptibility genexloning, 

indentification and sequence. Science, 235,1394-99. 

Lee, W.H., Morton, R.A., Epstein, J.L, Brooks, J.D., Campbell, P.A., Bova, G.S., Hsieh, W.S., 
Isaacs, W.B. & Nelson, W.G. (1994). Cytidine methylation of regulatory sequences near the pi-
class glutathione S-transferase gene accompanies human prostatic carcinogenesis. Proceedings of 
the National Academy of Sciences of the United States of America, 91,11733-7. 

Lees-Miller, J.P. & Helfman, D.M. (1991). The molecular basis for tropomyosin isoform diversity. 

Bioessays, 13,429-37. 

Leonardi, C.L., Warren, R.H. & Rubin, R W . (1982). Lack of tropomyosin correlates with the 
absence of stress fibers in transformed rat kidney cells. Biochimica et Biophysica Acta, 720, 154-

62. 

Levesque, M., Hu, H , D'Costa, M . & Diamandis, E.P. (1995). Prostate-specific antigen expression 
by various tumors. Journal of Clinical Laboratory Analysis, 9,123-8. 



206 

Leyue, E , Snell, L., Dotzlaw, H., Troup, S., Hiller-Hitchcock, T., Murphy, L , Roughley, P. & 
Watson, P. (2000). Lumican and decorin are differentially expressed in human breast carcinoma. 
Journal of Pathology, 192,313-20. 

Liakopoulos, D., Busgen, T., Brychzy, A., Jentsch, S. & Pause, A. (1999). Conjugation of the 
ubiquitin-like protein N E D D 8 to cullin-2 is linked to von Hippel-Lindau tumor suppressor 
function. Proceedings of the National Academy of Sciences of the United States of America, 96, 
5510-5. 

Liakopoulos, D., Doenges, G., Matuschewski, K. & Jentsch, S. (1998). A novel protein 
modification pathway related to the ubiquitin system. EMBO Journal, 17,2208-14. 

Liang, Z.G., Kamada, M. & Koide, S.S. (1991). Structural identity of immunoglobulin binding 
factor and prostatic secretory protein of human seminal plasma. Biochemical & Biophysical 
Research Communications, 180,356-9. 

Lilja, H. & Abrahamsson, PA. (1988). Three predominant proteins secreted by the human prostate 
gland. Prostate, 12,29-38. 

Lilja, H., Abrahamsson, PA. & Lundwall, A. (1989). Semenogelin, the predominant protein in 
human semen. Primary structure and identification of closely related proteins in the male accessory 
sex glands and on the spermatozoa. Journal of Biological Chemistry, 264,1894-900. 

Lilja, H., Christensson, A., Dahlen, U., Matikainen, M.T., Nilsson, O., Pettersson, K. & Lovgren, 
T. (1991). Prostate-specific antigen in serum occurs predominantly in complex with alpha 1-
antichymotrypsin. Clinical Chemistry, 37,1618-25. 

Lilja, H., Oldbring, L, Rannevik, G. & Laurell, CB. (1987). Seminal vesicle-secreted proteins and 
their reactions during gelation and liquefaction of human semen. Journal of Clinical Investigation, 
80,281-5. 

Lin, ]J., Hegmann, T.E. & Lin, J.L. (1988). Differential localization of tropomyosin isoforms in 
cultured nonmuscle cells. Journal of Cell Biology, 107,563-72. 

Lin, J.J., Helfman, D.M., Hughes, S.H. & Chou, CS. (1985). Tropomyosin isoforms in chicken 
embryo fibroblasts: purification, characterization, and changes in Rous sarcoma virus-transformed 
cells. Journal of Cell Biology, 100,692-703. 

Lin, LL, Warren, K.S., Wamboldt, D.D., Wang, T. & Lin, J.L. (1997). Tropomyosin isoforms in 
nonmuscle cells. International Review of Cytology, 170,1-38. 

Lin, Y., Ye, L.H., Ishikawa, R., Fujita, K. & Kohama, K. (1993). Stimulatory effect of calponin on 
myosin ATPase activity. Journal of Biochemistry, 113,643-5. 

Liu, A.Y., Bradner, R.C. & Vessella, R.L. (1993). Decreased expression of prostatic secretory 
protein PSP94 in prostate cancer. Cancer Letters, 74,91-9. 

Liu, B., Nicolaides, N.C, Markowitz, S., Wilson, J.K.V., Parsons, R.E., Jen, L, Papadopoulos, N., 
Peltomaki, P., de la Chapelle, A., Hamilton, S.R., Kinzler, K.W. & Vogelstein, B. (1995). 
Mismatch repair gene defects in sporadic colorectal cancers with microsatellite instability. Nature 

Genetics, 9,48-55. 

Ljung, G., Norberg, M., Holmberg, L., Busch, C & Nilsson, S. (1997). Characterization of residual 
tumor cells following radical radiation therapy for prostatic adenocarcinoma; 
immunohistochemical expression of prostate-specific antigen, prostatic acid phosphatase, and 

cytokeratin 8. Prostate, 31,91-7. 

Lo, T W . & Thornalley, PJ. (1992). Inhibition of proliferation of human leukaemia 60 cells by 
diethyl esters of glyoxalase inhibitors in vitro. Biochemical Pharmacology, 44,2357-63. 



207 

Loeb, K.R. & Haas, A L . (1992). The interferon-inducible 15-kDa ubiquitin homolog conjugates to 
intracellular proteins. Journal of Biological Chemistry, 267,7806-13. 

Loeb, K.R. & Haas, AL. (1994). Conjugates of ubiquitin cross-reactive protein distribute in a 
cytoskeletal pattern. Molecular & Cellular Biology, 14,8408-19. 

Lokeshwar, B.L., Hurkadli, K.S., Sheth, A.R. & Block, N.L. (1993). Human prostatic inhibin 
suppresses tumor growth and inhibits clonogenic cell survival of a model prostatic 
adenocarcinoma, the Dunning R3327G rat tumor. Cancer Research, 53,4855-9. 

Lu, F.W., Freedman, M.V. & Chalovich, J.M. (1995). Characterization of calponin binding to 
actin. Biochemistry, 34,11864-71. 

Lu, Q.L., Abel, P., Foster, CS. & Lalani, E.M. (1996a). bcl-2:role in epithelial differentiation and 
oncogenesis. Human Pathology, 27,102-10. 

Lu, Q.L., Abel, P., Foster, CS. & Lalani, E.N. (1996b). bcl-2: role in epithelial differentiation and 
oncogenesis. Human Pathology, 27,102-10. this ref exactly the same as 1996a 

Lubahn, D.B., Joseph, D.R., Sar, M., Tan, L, Higgs, H.N. & Larson, R.E. (1988). The human 
androgen receptor: complementary deoxyribonucleic acid cloning, sequence analysis and gene 
expression in prostate. Molecular Endocrinology, 2.page numbers? 

Lumey, L.H., Pittman, B. & Wynder, E.L. (1998). Alcohol use and prostate cancer in U.S. whites: 
no association in a confirmatory study. Prostate, 36,250-5. 

Lundwall, A. & Lilja, H. (1987). Molecular cloning of a human prostate specific antigen cDNA. 
FEBS Letters, 214,311. 

Ma, Y., Bogatcheva, N.V. & Gusev, N.B. (2000). Heat shock protein (hsp90) interacts with smooth 
muscle calponin and affects calponin-binding to actin. Biochimica et Biophysica Acta, 1476, 300-
10. 

Ma, Y.S., Bogatcheva, N.V. & Gusev, N.B. (1998). Isolation of rabbit liver heat shock protein with 
molecular weight 90 k D (Hsp90) and its interaction with troponin components and calponin. 
Biochemistry (Moscow), 63,1282-9. 

Mabuchi, K., Li, B., Ip, W . & Tao, T. (1997). Association of calponin with desmin intermediate 
filaments. Journal of Biological Chemistry, 272,22662-6. 

Mabuchi, K., Li, Y., Tao, T. & Wang, C L . (1996). Immunocytochemical localization of caldesmon 
and calponin in chicken gizzard smooth muscle. Journal of Muscle Research & Cell Motility, 17, 

243-60. 

Macko, V. & Stegemann, H. (1969). Mapping of potato proteins by combined electrofocusing and 
electrophoresis identification of varieties. Hoppe-Seylers Zeitschrift fur Physiologische Chemie, 

350,917-9. 

MacLeod, A.R. (1987). Genetic origin of diversity of human cytoskeletal tropomyosins. Bioessays, 

6,208-12. 

Maeda, N., Kamada, M., Daitoh, T., Aono, T„ Futaki, S., Liang, Z.G. & Koide, S.S. (1993). 
Immunoglobulin binding factor in human seminal plasma: immunological function. Archives of 

Andrology, 31,31-6. 

Magklara, A., Scorilas, A., Stephan, C , Kristiansen, CO., Hauptmann, S., Jung, K. & Diamandis, 
E.P. (2000). Decreased concentrations of prostate-specific antigen and human glandular kallikrein 
2 in malignant versus nonmalignant prostatic tissue. Urology, 56,527-32. 

Mahajan, R., Delphin, C, Guan, T., Gerace, L. & Melchior, F. (1997). A small ubiquitin-related 
polypeptide involved in targeting RanGAPl to nuclear pore complex protein RanBP2. Cell, 88,97-

107. 



208 

Mann, M., Hojrup, P. & Roepstorff, P. (1993). Use of mass spectrometric molecular weight 
information to identify proteins in sequence databases. Biological Mass Spectrometry, 22,338-45. 

Mannervik, B. (1980). Enzymatic Basis of Detoxification. Academic Press: N e w York. 

Mao, P. & Angrist, A. (1966). The fine structure of the basal cell of human prostate. Laboratory 
Investigation, 15,1769-82. 

Marmstal, E., Aronsson, A.C. & Mannervik, B. (1979). Comparison of glyoxalase I purified from 
yeast (Saccharomyces cerevisiae) with the enzyme from mammalian sources. Biochemical Journal, 
183,23-30. 

Marston, S.B. (1991). Properties of calponin isolated from sheep aorta thin filaments. FEBS 
Letters, 292,179-82. 

Mashimo, L, Maniwa, R., Sugino, H. & Nose, K. (1997). Decrease in the expression of a novel 
TGF betal-inducible and ras-recision gene, TSC-36, in human cancer cells. Cancer Letters, 113, 
213-9. 

Massague, J. (1990). Transforming growth factor-alpha: A model for membrane-anchored growth 
factors. Journal of Biological Chemistry, 265,21393-6. 

Masuda, H., Tanaka, K., Takagi, M., Ohgami, K., Sakamaki, T., Shibata, N. & Takahashi, K. 
(1996). Molecular cloning and characterization of human non-smooth muscle calponin. Journal of 
Biochemistry, 120,415-24. 

Matsumura, F., Lin, J.J., Yamashiro-Matsumura, S., Thomas, G.P. & Topp, W.C (1983). 
Differential expression of tropomyosin forms in the microfilaments isolated from normal and 
transformed rat cultured cells. Journal of Biological Chemistry, 258,13954-64. 

Matsumura, F. & Yamashiro, S. (1993). Caldesmon. Current Opinion in Cell Biology, 5,70-6. 

Matsumura, F. & Yamashiro-Matsumura, S. (1985). Purification and characterization of multiple 
isoforms of tropomyosin from rat cultured cells. Journal of Biological Chemistry, 260,13851-9. 

Matunis, M.J., Coutavas, E. & Blobel, G. (1996). A novel ubiquitin-like modification modulates 
the partitioning of the Ran-GTPase-activating protein RanGAPl between the cytosol and the 
nuclear pore complex. Journal of Cell Biology, 135,1457-70. 

Mbikay, M., Nolet, S., Fournier, S., Benjannet, S., Chapdelaine, P., Paradis, G., Dube, J.Y., 
Tremblay, R., Lazure, C. & Seidah, N.G. (1987). Molecular cloning and sequence of the c D N A for 
a 94-amino-acid seminal plasma protein secreted by the human prostate. DNA, 6,23-9. 

McCormack, R.T., Rittenhouse, H.G., Finlay, LA., Sokoloff, R.L., Wang, T.J., Wolfert, R.L., Lilja, 
H. & Oesterling, LE. (1995). Molecular forms of prostate-specific antigen and the human kallikrein 
gene family: a new era. Urology, 45,729-44. 

McCoy-Messer, J.M. & Bateman, R.C., Jr. (1993). Instability of the ABTS/peroxidase reaction 
product in biological buffers. Biotechniques, 15,270-3. 

McDonnell, T.J., Troncoso, P., Brisbay, S.M., Logothetis, C , Chung, L.W., Hsieh, J.T., Tu, S.M. 
& Campbell, M.L. (1992). Expression of the protooncogene bcl-2 in the prostate and its association 
with emergence of androgen-independent prostate cancer. Cancer Research, 52,6940-4. 

Mclndoe, R.A., Stanford, J.L., Gibbs, M., Jarvik, G.P., Brandzel, S., Neal, C.L., Li, S., Gammack, 
J.T., Gay, A.A., Goode, E.L., Hood, L. & Ostrander, E.A. (1997). Linkage analysis of 49 high-risk 
families does not support a common familial prostate cancer-susceptibility gene at lq24-25. 

American Journal of Human Genetics, 61,347-53. 

McLellan, A . C & Thornalley, PJ. (1989). Glyoxalase activity in human red blood cells fractioned 

by age. Mechanisms of Ageing & Development, 48,63-71. 



209 

McNeal, J. (1968). Regional morphology and pathology of the prostate. American Journal of 
Clinical Pathology, 49,347-57. 

McNeal, J. (1997). Prostate. Histology for pathologists. Raven Press: Philidelphia-New York. 

McNeal, LE. (1965). Morphogenesis of prostatic carcinoma. Cancer, 18,1659-66. 

McNeal, LE. (1981). The zonal anatomy of the prostate. Prostate, 2,35-49. 

McNeal, LE. (1988a). Normal histology of the prostate. American Journal of Surgical Pathology, 
12,619-. page numbers 

McNeal, LE. (1988b). The prostate gland: Morphology and pathobiology. Mongraphs in Urology, 
9.page numbers 

McNeal, LE. (1989). Significance of duct-acinar dysplasia in prostatic carcinogenesis. Urology, 34, 
9-15. 

McNeal, LE. (1992). Prostate. In Histology for Pathologists, Sternberg, S.S. (ed) pp. 749-763. 
Raven Press: N e w York. 

McNeal, JR., Alroy, L, Leav, I., Redwine, E.A., Freiha, F.S. & Stamey, T.A. (1988). 
Immunohistochemical evidence for impaired cell differentiation in the premalignant phase of 
prostate carcinogenesis. American Journal of Clinical Pathology, 90,23-32. 

McNeal, JR. & Bostwick, D.G. (1986). Intraductal dysplasia: a premalignant lesion of the prostate. 
Human Pathology, 17,64-71. 

McNeal, LE., Haillot, O. & Yemoto, C (1995). Cell proliferation in dysplasia of the prostate : 
analysis by P C N A immunostaining. Prostate, 27,258. 

Meares, E.M. & Grannum, R.S. (1992). Differential Diagnosis of Prostate Disorders. Gower 
Medical Publishing: Hong Kong. 

Menice, C.B., Hulvershorn, L, Adam, L.P., Wang, C A . & Morgan, K.G. (1997). Calponin and 
mitogen-activated protein kinase signaling in differentiated vascular smooth muscle. Journal of 
Biological Chemistry, 272,25157-61. 

Merlo, A., Herman, J.G., Mao, L., Lee, D.L, Gabrielson, E., Burger, P.C, Baylin, S.B. & 
Sidransky, D. (1995). 5' C p G island methylation is associated with transcriptional silencing of the 
tumour suppressor pl6/CDKN2/MTSl in human cancers. Nature Medicine, 1,686-92. 

Merril, C.R., Switzer, R.C. & Van Keuren, M L . (1979). Trace polypeptides in cellular extracts and 
human body fluids detected by two-dimensional electrophoresis and a highly sensitive silver stain. 
Proceedings of the National Academy of Sciences of the United States of America, 76,4335-9. 

Meyer, A., Jung, K., Lein, M., Rudolph, B., Schnorr, D. & Loening, S.A. (1997). Factors 
influencing the ratio of free to total prostate-specific antigen in serum. International Journal of 

Cancer, 74,630-6. 

Meyer, T.S. & Lamberts, B.L. (1965). Use of coomassie brilliant blue R250 for the electrophoresis 
of microgram quantities of parotid saliva proteins on acrylamide-gel strips. Biochimica et 

Biophysica Acta, 107,144-5. 

Mezgueldi, M., Fattoum, A., Derancourt, J. & Kassab, R. (1992). Mapping of the functional 
domains in the amino-terminal region of calponin. Journal of Biological Chemistry, 267,15943-51. 

Mikolajczyk, S.D., Grauer, L.S., Millar, L.S., Hill, T.M., Kumar, A., Rittenhouse, H.G., Wolfert, 
R.L. & Saedi, M.S. (1997). A precursor form of PSA (pPSA) is a component of the free PSA in 

prostate cancer serum. Urology, 50,710-4. 

Mikolajczyk, S.D., Millar, L.S., Wang, T.L, Rittenhouse, H.G., Marks, L.S., Song, W., Wheeler, 
T.M. & Slawin, K.M. (2000a). A precursor form of prostate-specific antigen is more highly 



210 

elevated in prostate cancer compared with benign transition zone prostate tissue. Cancer Research, 
60,756-9. 

Mikolajczyk, S.D., Millar, L.S., Wang, T.L, Rittenhouse, H.G., Wolfert, R.L., Marks, L.S., Song, 
W., Wheeler, T.M. & Slawin, K.M. (2000b). "BPSA," a specific molecular form of free prostate-
specific antigen, is found predominantly in the transition zone of patients with nodular benign 
prostatic hyperplasia. Urology, 55,41-5. 

Mino, T., Yuasa, U., Nakamura, R, Naka, M. & Tanaka, T. (1998). Two distinct actin-binding sites 
of smooth muscle calponin. European Journal of Biochemistry, 251,262-8. 

Miyoshi, Y., Uemura, H, Fujinami, K., Mikata, K., Harada, M., Kitamura, H., Koizumi, Y. & 
Kubota, Y. (2000). Fluorescence in situ hybridization evaluation of c-myc and androgen receptor 
gene amplification and chromosomal anomalies in prostate cancer in Japanese patients. Prostate, 
43,225-32. 

Molloy, M.P., Herbert, B.R., Walsh, B.J., Tyler, M.L, Traini, M., Sanchez, J.C, Hochstrasser, 
DR., Williams, K.L. & Gooley, A.A. (1998). Extraction of membrane proteins by differential 
solubilization for separation using two-dimensional gel electrophoresis. Electrophoresis, 19, 837-
44. 

Montgomery, J.S., Price, D.K. & Figg, W.D. (2001). The androgen receptor gene and its influence 
on the development and progression of prostate cancer. Journal of Pathology, 195,138-46. 

Montie, LE. & Pienta, K.L (1994). Review of the role of androgenic hormones in the epidemiology 
of benign prostatic hyperplasia and prostate cancer. Urology, 43, 892-9. 

Montironi, R., Galluzzi, C M . , Diamanti, L., Giannulis, I., Pisani, E. & Scarpelli, M. (1993a). 
Prostatic intra-epithelial neoplasia: expression and location of proliferating cell nuclear antigen in 
epithelial, endothelial and stromal nuclei. Virchows Archiv - A, Pathological Anatomy & 
Histopathology, 422,185-92. 

Montironi, R., Galluzzi, C M . , Diamanti, L., Taborro, R., Scarpelli, M . & Pisani, E. (1993b). 
Prostatic intra-epithelial neoplasia. Qualitative and quantitative analyses of the blood capillary 
architecture on thin tissue sections. Pathology, Research & Practice, 189,542-8. 

Montironi, R., Mazzucchelli, R., Algaba, R, Bostwick, D.G. & Krongrad, A. (2000). Prostate-
specific antigen as a marker of prostate disease. Virchows Archiv, 436,297-304. 

Morii, M . & Travis, J. (1983a). Amino acid sequence at the reactive site of human alpha 1-
antichymotrypsin. Journal of Biological Chemistry, 258,12749-52. 

Morii, M . & Travis, J. (1983b). Structural alterations in alpha 1-antichymotrypsin from normal and 
acute phase human plasma. Biochemical & Biophysical Research Communications, 111, 438-43. 

Mosher, R.A., Dewey, D., Thormann, W., Saville, D.A. & Bier, M . (1989). Computer simulation 
and experimental validation of the electrophoretic behavior of proteins. Analytical Chemistry, 61, 

362-6. 

Mosher, R.A. & Thormann, W . (1990). Experimental and theoretical dynamics of isoelectric 
focusing: IV. Cathodic, anodic and symmetrical drifts of the p H gradient. Electrophoresis, 11,717-

23. 

Mostofi, F.K., Sesterhenn, LA. & Davis, CJ. (1993). A pathologist's view of prostatic carcinoma. 

Cancer Supplement, 71,906-32. 

Moul, J.W. (1999). Angiogenesis, p53, bcl-2 and Ki-67 in the progression of prostate cancer after 

radical prostatectomy. European Urology, 35,399-407. 

Mundle, S.D. & Sheth, N A . (1993). Suppression of D N A synthesis and induction of apoptosis in 
rat prostate by human seminal plasma inhibin (HSPI). Cell Biology International, 17,587-94. 



211 

Myers, R.B., Srivasatava, S., Oelschlager, D.K. & Grizzle, W.E. (1994). Expression of pl30erbB-3 
and pl85erbB-2 in prostatic intraepithelial neoplasia and prostatic adenocarcinoma. Journal of the 
National Cancer Institute, 86,1140-5. 

Nadji, M., Tabei, S.Z., Castro, A., Chu, T.M., Murphy, G.P., Wang, M.C. & Morales, A.R. (1981). 
Prostatic-specific antigen: an immunohistologic marker for prostatic neoplasms. Cancer, 48,1229-
32. 

Nagle, R.B., Brawer, M.K., Kittelson, J. & Clark, V. (1991). Phenotypic relationships of prostatic 
intraepithelial neoplasia to invasive prostatic carcinoma. American Journal of Pathology, 138,119-
28. 

Naka, M., Kureishi, Y., Muroga, Y., Takahashi, K., Ito, M. & Tanaka, T. (1990). Modulation of 
smooth muscle calponin by protein kinase C and calmodulin. Biochemical and Biophysical 
Research Communications., 171,933-7. 

Nakamura, F., Mino, T., Yamamoto, L, Naka, M. & Tanaka, T. (1993). Identification of the 
regulatory site in smooth muscle calponin that is phosphorylated by protein kinase C. Journal of 
Biological Chemistry, 268,6194-201. 

Nakamura, N. & Kojima, J. (1981). Changes in charge density of heparan sulfate isolated from 
cancerous human liver tissue. Cancer Research, 41,278-83. 

Navone, N.M., Troncoso, P., Pisters, L.L., Goodrow, T.L., Palmer, J.L., Nichols, WW., von 
Eschenbach, A . C & Conti, C L (1993). p53 protein accumulation and gene mutation in the 
progression of human prostate carcinoma. Journal of the National Cancer Institute, 85,1657-69. 

Nawaz, Z., Lonard, D.M., Smith, C.L., Lev-Lehman, R, Tsai, S.Y., Tsai, M.L & O'Malley, BW. 
(1999). The Angelman syndrome-associated protein, E6-AP, is a coactivator for the nuclear 
hormone receptor superfamily. Molecular & Cellular Biology, 19,1182-9. 

Nelson, LB., Chan-Tack, K., Hedican, S.P., Magnuson, S.R., Opgenorth, T.J., Bova, G.S. & 
Simons, J.W. (1996). Endothelin-1 production and decreased endothelin B receptor expression in 
advanced prostate cancer. Cancer Research, 56,663-8. 

Nelson, P.S., Han, D., Roehon, Y., Corthals, G.L., Lin, B., Monson, A., Nguyen, V., Franza, B.R., 
Plymate, S.R., Aebersold, R. & Hood, L. (2000). Comprehensive analyses of prostate gene 
expression: convergence of expressed sequence tag databases, transcript profiling and proteomics. 
Electrophoresis, 21,1823-31. 

Netto, GJ. & Humphrey, P A . (1994). Molecular biologic aspects of human prostatic cancer. 
American Journal of Clinical Pathology, 102, S57-S64. 

Neuhoff, V., Arold, N , Taube, D. & Ehrhardt, W . (1988). Improved staining of proteins in 
polyacrylamide gels including isoelectric focusing gels with clear background at nanogram 
sensitivity using Coomassie Brilliant Blue G-250 and R-250. Electrophoresis, 9,255-62. 

Neuhoff, V., Stamm, R., Pardowitz, I., Arold, N., Ehrhardt, W. & Taube, D. (1990). Essential 
problems in quantification of proteins following colloidal staining with coomassie brilliant blue 
dyes in polyacrylamide gels, and their solution. Electrophoresis, 11,101-17. 

Newbold, R R . & Overell, R.W. (1983). Fibroblast immortality is a prerequisite for transformation 
by EJ c-Ha-ras oncogene. Nature, 304,648-51. 

Nilsson, B.O., Egevad, L., Jin, M., Ronquist, G. & Busch, C. (1999). Distribution of prostasomes 
in neoplastic epithelial prostate cells. Prostate, 39, 36-40. 

Nilsson, B.O., Jin, M., Einarsson, B., Persson, B.E. & Ronquist, G. (1998). Monoclonal antibodies 
against human prostasomes. Prostate, 35,178-184. 



212 

Nilsson, B.O., Jin, M . & Ronquist, G. (1996). Immunolocalization of prostasomes in the human 
prostate. Upsala Journal of Medical Sciences, 101,149-158. 

Nishi, N., Oya, H, Matsumoto, K., Nakamura, T., Miyanaka, H. & Wada, F. (1996). Changes in 
gene expression of growth factors and their receptors during castration-induced involution and 
androgen-induced re-growth of rat prostates. Prostate, 28,139-52. 

Nishida, W., Kitami, Y. & Hiwada, K. (1993). cDNA cloning and mRNA expression of calponin 
and S M 2 2 in rat aorta smooth muscle cells. Gene, 130,297-302. 

Nissenkorn, I. & Meshorer, A. (1993). Temperature measurements and histology of the canine 
prostate during transurethral hyperthermia. Journal of Urology, 149,1613-6. 

Noldus, L, Chen, Z. & Stamey, T.A. (1997). Isolation and characterization of free form prostate 
specific antigen (f-PSA) in sera of men with prostate cancer. Journal of Urology, 158,1606-9. 

North, A.J., Gimona, M., Cross, R.A. & Small, LV. (1994). Calponin is localised in both the 
contractile apparatus and the cytoskeleton of smooth muscle cells. Journal of Cell Science, 107, 
437-44. 

Ochiai, Y., Inazawa, L, Ueyama, H. & Ohkubo, I. (1995). Human gene for beta-
microseminoprotein: its promoter structure and chromosomal localization. Journal of Biochemistry, 
117,346-52. 

Oda, Y., Huang, K., Cross, F.R., Cowburn, D. & Chait, B.T. (1999). Accurate quantitation of 
protein expression and site-specific phosphorylation. Proceedings of the National Academy of 
Sciences of the United States of America, 96,6591-6. 

Oesterling, LE. (1995). Prostate specific antigen. Its role in the diagnosis and staging of prostate 
cancer. Cancer, 75,1795-1804. 

Oesterling, JR. (1996). Molecular PSA: The next frontier in PCa screening. Contemporary 

Urology, 1,76-92. 

O'Farrell, P.H. (1975). High resolution two-dimensional electrophoresis of proteins. Journal of 
Biological Chemistry, 250,4007-21. 

Ohkubo, I., Tada, T., Ochiai, Y., Ueyama, H , Eimoto, T. & Sasaki, M . (1995). Human seminal 
plasma beta-microseminoprotein: its purification, characterization, and immunohistochemical 
localization. International Journal of Biochemistry & Cell Biology, 27,603-11. 

Okabe, E., Kajihara, L, Usami, Y. & Hirano, K. (1999). The cleavage site specificity of human 
prostate specific antigen for insulin-like growth factor binding protein-3. FEBS Letters, 447, 87-90. 

Okura, T., Gong, L., Kamitani, T., Wada, T., Okura, I., Wei, CF., Chang, H.M. & Yeh, E.T. 
(1996). Protection against Fas/APO-1- and tumor necrosis factor-mediated cell death by a novel 
protein, sentrin. Journal of Immunology, 157,4277-81. 

Olsen, G.N., Harris, JO., Castle, J.R., Waldman, R.H. & Karmgard, HJ. (1975). Alpha-1-
antitrypsin content in the serum, alveolar macrophages, and alveolar lavage fluid of smoking and 
nonsmoking normal subjects. Journal of Clinical Investigation, 55,427-30. 

Ornstein, D.K., Englert, C , Gillespie, J.W., Paweletz, C.P., Linehan, W.M., Emmert-Buck, M.R. & 
Petricoin, E.F., 3rd. (2000a). Characterization of intracellular prostate-specific antigen from laser 
capture microdissected benign and malignant prostatic epithelium. Clinical Cancer Research, 6, 

353-6. 

Ornstein, D.K., Gillespie, J.W., Paweletz, C.P., Duray, P.H., Herring, L, Vocke, CD., Topalian, 
S.L., Bostwick, D.G., Linehan, W.M., Petricoin, E.F., 3rd & Emmert-Buck, M.R. (2000b). 
Proteomic analysis of laser capture microdissected human prostate cancer and in vitro prostate cell 

lines. Electrophoresis, 21,2235-42. 



213 

Ornstein, L. (1964). Disc electrophoresis -1. Annals of the New York Academy of Sciences, 121, 
321-349. 

Osaka, F., Kawasaki, H, Aida, N., Saeki, M., Chiba, T., Kawashima, S., Tanaka, K. & Kato, S. 
(1998). A new NEDD8-ligating system for cullin-4A. Genes & Development, 12,2263-8. 

Papsidero, L.D., Kuriyama, M., Wang, M . C , Horoszewicz, L, Leong, S.S., Valenzuela, L., 
Murphy, G.P. & Chu, T.M. (1981). Prostate antigen: a marker for human prostate epithelial cells. 
Journal of the National Cancer Institute, 66, 37-42. 

Paulin, D., Perreau, L, Jakob, H., Jacob, F. & Yaniv, M. (1979). Tropomyosin synthesis 
accompanies formation of actin filaments in embryonal carcinoma cells induced to differentiate by 
hexamethylene bisacetamide. Proceedings of the National Academy of Sciences of the United 
States of America, 76,1891-5. 

Paweletz, C.P., Liotta, L.A. & Petricoin, E.F., 3rd. (2001). New technologies for biomarker 
analysis of prostate cancer progression: Laser capture microdissection and tissue proteomics. 
Urology, 57,160-3. 

Peter, L, Unverzagt, C & Hoesel, W. (2000). Analysis of free prostate-specific antigen (PSA) after 
chemical release from the complex with alpha(l)-antichymotrypsin (PSA-ACT). Clinical 
Chemistry, 46,474-82. 

Pettersson, K., Piironen, T., Seppala, M., Liukkonen, L., Christensson, A., Matikainen, M.T., 
Suonpaa, M., Lovgren, T. & Lilja, H. (1995). Free and complexed prostate-specific antigen (PSA): 
in vitro stability, epitope map, and development of immunofluorometric assays for specific and 
sensitive detection of free P S A and PSA- 1-antichymotrypsin complex. Clinical Chemistry, 41, 
1480-8. 

Pierani, A., Pouponnot, C. & Calothy, G. (1995). Developmental control of transcription of a 
retina-specific gene, QR1, during differentiation: involvement of factors from the P O U family. 
Molecular & Cellular Biology, 15, 642-52. 

Pinna, L.A. (1990). Casein kinase 2: an 'eminence grise' in cellular regulation? Biochimica et 
Biophysica Acta, 1054,267-84. 

Pirtskhalaishvili, G. & Nelson, LB. (2000). Endothelium-derived factors as paracrine mediators of 
prostate cancer progression. Prostate, 44,77-87. 

Pittenger, M.F., Kazzaz, J.A. & Helfman, D.M. (1994). Functional properties of non-muscle 
tropomyosin isoforms. Current Opinion in Cell Biology, 6,96-104. 

Platz, E.A., Giovannucci, R, Dahl, D.M., Krithivas, K., Hennekens, C.H., Brown, M., Stampfer, 
M J . & Kantoff, P W . (1998). The androgen receptor gene G G N microsatellite and prostate cancer 
risk. Cancer Epidemiology, Biomarkers & Prevention, 7,379-84. 

Pollak, M., Beamer, W . & Zhang, J.C (1998). Insulin-like growth factors and prostate cancer. 

Cancer & Metastasis Reviews, 17,383-90. 

Pollard, T.D., Fujiwara, K., Neiderman, R. & Maupin-Szamier, P. (1976). Evidence for the role of 
cytoplasmic actin and myosin in cellular structure and motility. Cell motility. Cold Spring Harbor: 

New York. 

Porkka, K.P. & Visakorpi, T. (2001). Detection of differentially expressed genes in prostate cancer 
by combining suppression subtractive hybridisation and c D N A library array. Journal of Pathology, 

193,73-9. 

Pradet-Balade, B., Boulme, R, Beug, H., Mullner, E.W. & Garcia-Sanz, J.A. (2001). Translation 
control: bridging the gap between genomics and proteomics? Trends in Biochemical Sciences, 26, 

225-9. 



214 

Prasad, G.L., Fuldner, R.A. & Cooper, H.L. (1993). Expression of transduced tropomyosin 1 
c D N A suppresses neoplastic growth of cells transformed by the ras oncogene. Proceedings of the 
National Academy of Sciences of the United States of America, 90,7039-43. 

Prasad, S.C., Thraves, P.L, Kuettel, M.R., Srinivasarao, G.Y., Dritschilo, A. & Soldatenkov, V.A. 
(1998). Apoptosis-associated proteolysis of vimentin in human prostate epithelial tumor cells. 
Biochemical & Biophysical Research Communications, 249, 332-8. 

Prendergast, N.J., Atkins, M.R., Schatte, EC, Paulson, DR. & Walther, P.L (1996). p53 
immunohistochemical and genetic alterations are associated at high incidence with post-irradiated 
locally persistent prostate carcinoma. Journal of Urology, 155,1685-92. 

Pretlow, T.G., Pretlow, T.P., Yang, B., Kaetzel, C.S., Delmoro, CM., Kamis, S.M., Bodner, D.R., 
Kursh, E., Resnick, M.L & Bradley, E.L., Jr. (1991). Tissue concentrations of prostate-specific 
antigen in prostatic carcinoma and benign prostatic hyperplasia. International Journal of Cancer, 
49,645-9. 

Principato, G.B., Bodo, M., Biagioni, M.G., Rosi, G. & Liotti, F.S. (1982). Glyoxalases and 
glutathione reductase activity changes in chicken liver during embryo development and after 
hatching. Acta Embryologiae et Morphologiae Experimentalis, 3,173-9. 

Principato, G.B., Locci, P., Rosi, G., Talesa, V. & Giovannini, E. (1983). Activity changes of 
glyoxalases I-II and glutathione reductase in regenerating rat liver. Biochemistry International, 6, 
249-55. 

Qian, L, Jenkins, R.B. & Bostwick, D.G. (1997a). Detection of chromosomal anomalies and c-myc 
gene amplification in the cribriform pattern of prostatic intraepithelial neoplasia and carcinoma by 
fluorescence in situ hybridization. Modern Pathology, 10,1113-9. 

Qian, Y., Sensibar, LA., Zelner, D.L, Schaeffer, A.L, Finlay, LA., Rittenhouse, H.G. & Lee, C 
(1997b). Two-dimensional gel electrophoresis detects prostate-specific antigen-alphal-
antichymotrypsin complex in serum but not in prostatic fluid. Clinical Chemistry, 43,352-9. 

Qiu, S.D., Young, C.Y., Bilhartz, D.L., Prescott, J.L., Farrow, C M . , He, W W . & Tindall, DJ. 
(1990). In situ hybridization of prostate-specific antigen m R N A in human prostate. Journal of 
Urology, 144,1550-6. 

Quadroni, M . & James, P. (1999). Proteomics and automation. Electrophoresis, 20,664-77. 

Rabilloud, T. (1996). Solubilization of proteins for electrophoretic analyses. Electrophoresis, 17, 

13-29. 

Rabilloud, T., Adessi, C , Giraudel, A. & Lunardi, J. (1997). Improvement of the solubilization of 
proteins in two-dimensional electrophoresis with immobilized p H gradients. Electrophoresis, 18, 

307-16. 

Ranganathan, S. & Tew, K.D. (1993). Analysis of glyoxalase-I from normal and tumor tissue from 
human colon. Biochimica et Biophysica Acta, 1182,311-6. 

Ranganathan, S., Walsh, E.S. & Tew, K.D. (1995). Glyoxalase I in detoxification: studies using a 
glyoxalase I transfectant cell line. Biochemical Journal, 309,127-31. 

Rashid, P. & Watters, G. (1999). Your Prostate: Qestions Answered. Prem Rashid and Greg 

Watters: Port Macquarie, N S W . 

Rassoulzadegan, M., Cowie, A., Carr, A., Glaichenhaus, N , Kamen, R. & Cuzin, F. (1982). The 
roles of individual polyoma virus early proteins in oncogenic transformation. Nature, 300,713-8. 

Ray, S. & Ray, M. (1983). Formation of methylglyoxal from aminoacetone by amine oxidase from 
goat plasma. Journal of Biological Chemistry, 258,3461-2. 



215 

Raymond, S. & Nakamichi, M . (1964). Electrophoresis in synthetic gels. Analytical Biochemistry, 
7,225-32. 

Raymond, S. & Weintraub, L. (1959). Acrylamide gel as a supporting medium for zone 
electrophoresis. Science, 130,711. 

Reese, J.H., McNeal, JR., Goldenberg, S.L., Redwine, E.A. & Sellers, R.G. (1992). Distribution of 
lactoferrin in the normal and inflamed human prostate: an immunohistochemical study. Prostate, 
20,73-85. 

Reichard, G.A., Jr., Skutches, C.L., Hoeldtke, R.D. & Owen, OR. (1986). Acetone metabolism in 
humans during diabetic ketoacidosis. Diabetes, 35,668-74. 

Reilly, CF., Tewksbury, D.A., Schechter, N.M. & Travis, J. (1982). Rapid conversion of 
angiotensin I to angiotensin U by neutrophil and mast cell proteinases. Journal of Biological 
Chemistry, 257,8619-22. 

Renneberg, H., Konrad, L., Damrnshaeuser, I., Seitz, J. & Aumueller, G. (1997). 
Immunohistochemistry of prostasomes from human semen. Prostate, 30,98-106. 

Ricciardelli, C, Mayne, K., Sykes, P.J., Raymond, W.A., McCaul, K., Marshall, V.R. & Horsfall, 
D.L (1998). Elevated levels of versican but not decorin predict disease progression in early-stage 
prostate cancer. Clinical Cancer Research, 4,963-71. 

Richard, J.P. (1991). Kinetic parameters for the elimination reaction catalyzed by triosephosphate 
isomerase and an estimation of the reaction's physiological significance. Biochemistry, 30,4581-5. 

Ridderstrom, M., Cameron, A.D., Jones, T.A. & Mannervik, B. (1998). Involvement of an active-
site Zn2+ ligand in the catalytic mechanism of human glyoxalase I. Journal of Biological 
Chemistry, 273,21623-8. 

Righetti, P.G. & Gianazza, E. (1992). Immobilized pH gradients (IPG). Electrophoresis, 13,185-6. 

Roger, P.P., Rickaert, F., Lamy, R, Authelet, M . & Dumont, LE. (1989). Actin stress fiber 
disruption and tropomyosin isoform switching in normal thyroid epithelial cells stimulated by 
thyrotropin and phorbol esters. Experimental Cell Research, 182,1-13. 

Ronquist, G. & Brody, I. (1985). The prostasome : its secretion and function in man. Biochimica et 
Biophysica Acta, 822,203-18. 

Ronquist, G., Brody, L, Gottfries, A. & Stegmayr, B. (1978a). A n M g 2 + and Ca2+-stimulated 
adenosine triphosphatase in human prostatic fluid: part I. Andrologia, 10,261-72. 

Ronquist, G., Brody, I., Gottfries, A. & Stegmayr, B. (1978b). A n Mg2+ and Ca2+-stimulated 
adenosine triphosphatase in human prostatic fluid-part II. Andrologia, 10,427-33. 

Rose, D.P., Boyar, A.P. & Wynder, E.L. (1986). International comparisons of mortality rates for 
cancer of the breast, ovary, prostate, and colon, and per capita food consumption. Cancer, 58, 
2363-71. 

Rosenberg, L., Palmer, J.R., Zauber, A.C, Warshauer, MR., Strom, B.L., Harlap, S. & Shapiro, S. 
(1994). The relation of vasectomy to the risk of cancer. American Journal of Epidemiology, 140, 

431-8. 

Rosevear, P.R., Chari, R.V., Kozarich, J.W., Sellin, S., Mannervik, B. & Mildvan, A.S. (1983). 
13C N M R studies of the product complex of glyoxalase I. Journal of Biological Chemistry, 258, 

6823-6. 

Roughley, PJ. & Barrett, AJ. (1977). The degradation of cartilage proteoglycans by tissue 
proteinases. Proteoglycan structure and its susceptibility to proteolysis. Biochemical Journal, 167, 

629-37. 



216 

Rubin, H , Wang, Z.M., Nickbarg, E.B., McLarney, S., Naidoo, N , Schoenberger, O.L., Johnson, 
LL. & Cooperman, B.S. (1990). Cloning, expression, purification, and biological activity of 
recombinant native and variant human alpha 1-antichymotrypsins. Journal of Biological 
Chemistry, 265,1199-207. 

Ruchel, R. (1977). Two-dimensional micro-separation technique for proteins and peptides, 
combining isoelectric focusing and gel gradient electrophoresis. Journal of Chromatography, 132, 
451-68. 

Rui, H., Mevag, B. & Purvis, K. (1984). Two-dimensional electrophoresis of proteins in various 
fractions of the human split ejaculate. International Journal ofAndrology, 7,509-20. 

Ruiz-Opazo, N. & Nadal-Ginard, B. (1987). Alpha-tropomyosin gene organization. Alternative 
splicing of duplicated isotype-specific exons accounts for the production of smooth and striated 
muscle isoforms. Journal of Biological Chemistry, 262,4755-65. 

Ruoslahti, E. & Yamaguchi, Y. (1991). Proteoglycans as modulators of growth factor activities. 
Cell, 64,867-9. 

Sadar, M.D., Hussain, M. & Bruchovsky, N. (1999). Prostate cancer: molecular biology of early 
progression to androgen independence. Endocrine-Related Cancer, 6,487-502. 

Saitoh, H., Pu, R.T. & Dasso, M . (1997). SUMO-1: wrestling with a new ubiquitin-related 
modifier. Trends in Biochemical Sciences, 22,374-6. 

Sakai, H., Tsurusaki, T., Kanda, S., Koji, T., Xuan, J.W. & Saito, Y. (1999). Prognostic 
significance of beta-microseminoprotein m R N A expression in prostate cancer. Prostate, 38, 278-
84. 

Sakihara, C, Nishimura, L, Kobayashi, S., Takahashi, S. & Kanaide, H. (1996). Expression of 
calponin m R N A in porcine aortic endothelial cells. Biochemical & Biophysical Research 
Communications, 222,195-200. 

Samadi, A.A., Fullerton, S.A., Tortorelis, D.C, Johnson, G.B., Davidson, S.D., Choudhury, M.S., 
Mallouh, C , Tazaki, H. & Konno, S. (2001). Glyoxalase I phenotype as a potential risk factor for 
prostate carcinoma. Urology, 57,183-7. 

Sampio, L.O., Dietrich, C.P. & Filho, O.G. (1977). Changes in sulphated mucopolysaccharide 
composition of mammalian tissues during growth and in cancer tissues. Biochimica et Biophysica 
Acta, 498,123-31. 

Sanger, F. (1988). Sequences, sequences, sequences. Annual Reviews of Biochemistry, 57,1-28. 

Saric, T., Brkanac, Z., Troyer, D.A., Padalecki, S.S., Sarosdy, M., Williams, K., Abadesco, L., 
Leach, RJ. & O'Connell, P. (1999). Genetic pattern of prostate cancer progression. International 
Journal of Cancer, 81,219-24. 

Sato, T., Ito, K. & Yura, T. (1977). Membrane proteins of Escherichia coli K-12: two-dimensional 
polyacrylamide gel electrophoresis of inner and outer membranes. European Journal of 
Biochemistry, 78,557-67. 

Schaid, D.L, McDonnell, S.K., Blute, M.L. & Thibodeau, S.N. (1998). Evidence for autosomal 
dominant inheritance of prostate cancer. American Journal of Human Genetics, 62,1425-38. 

Schaller, L, Akiyama, K., Tsuda, R., Hara, M., Marti, T. & Rickli, E R . (1987). Isolation, 
characterization and amino-acid sequence of gamma-seminoprotein, a glycoprotein from human 
seminal plasma. European Journal of Biochemistry, 170,111-20. 

Scheffner, M., Nuber, U. & Huibregtse, J.M. (1995). Protein ubiquitination involving an E1-E2-E3 
enzyme ubiquitin thioester cascade. Nature, 373,81-3. 

Schena, M . (1996). Genome analysis with gene expression microarrays. Bioessays, 18,427-31. 



217 

Scherr, D.S., Vaughan, E.D., Jr., Wei, L, Chung, M., Felsen, D „ Allbright, R. & Knudsen, B.S. 
(1999). BCL-2 and p53 expression in clinically localized prostate cancer predicts response to 
external beam radiotherapy. Journal of Urology, 162,12-6; discussion 16-7. 

Schill, W.B. (1976). Quantitative determination of high molecular weight serum proteinase 
inhibitors in human semen. Andrologia, 8,359-64. 

Schloss, J.A. & Goldman, R.D. (1979). Isolation of a high molecular weight actin-binding protein 
from baby hamster kidney (BHK-21) cells. Proceedings of the National Academy of Sciences of the 
United States of America, 76,4484-8. 

Seidah, N.G., Arbatti, N.J., Rochemont, L, Sheth, A.R. & Chretien, M. (1984). Complete amino 
acid sequence of human seminal plasma beta-inhibin. Prediction of post Gln-Arg cleavage as a 
maturation site. FEBS Letters, 175,349-55. 

Seitz, L, Keppler, C, Rausch, U. & Aumuller, G. (1990). Immunohistochemistry of secretory 
transglutaminase from rodent prostate. Histochemistry, 93,525-30. 

Sellin, S., Eriksson, LR. & Mannervik, B. (1982a). Fluorescence and nuclear relaxation 
enhancement studies of the binding of glutathione derivatives to manganese-reconstituted 
glyoxalase I from human erythrocytes. A model for the catalytic mechanism of the enzyme 
involving a hydrated metal ion. Biochemistry, 21,4850-7. 

Sellin, S., Rosevear, P.R., Mannervik, B. & Mildvan, A.S. (1982b). Nuclear relaxation studies of 
the role of the essential metal in glyoxalase I. Journal of Biological Chemistry, 257,10023-9. 

Sensabaugh, G.F. (1978). Isolation and characterization of a semen-specific protein from human 
seminal plasma: a potential new marker for semen identification. Journal of Forensic Sciences, 23, 
106-15. 

Shah, V., Braverman, R. & Prasad, G.L. (1998). Suppression of neoplastic transformation and 
regulation of cytoskeleton by tropomyosins. Somatic Cell & Molecular Genetics, 24,273-80. 

Shanahan, C M . , Weissberg, P.L. & Metcalfe, J.C. (1993). Isolation of gene markers of 
differentiated and proliferating vascular smooth muscle cells. Circulation Research, 73,193-204. 

Sheth, A.R., Teni, T.R. & Sheth, N.A. (1988). Progress in Endocrinology. Human Prostatic 
Inhibin. Elsevier Science Publishers: N e w York. 

Sheth, N.A., Vaze, A.Y. & Sheth, A.R. (1982). A peptide in gastric secretion with inhibin-like 
properties. Clinical Endocrinology, 17,157-63. 

Shevchenko, A., Loboda, A., Ens, W . & Standing, K.G. (2000). M A L D I quadrupole time-of-flight 
mass spectrometry: a powerful tool for proteomic research. Analytical Chemistry, 72,2132-41. 

Shiraish, T., Muneyuki, T., Fukutome, K., Ito, H., Kotake, T., Watanabe, M . & Yatani, R. (1998). 
Mutations of ras genes are relatively frequent in Japanese cancers. Anticancer Research, 18, 2789-
92. 

Shishido, T., Ohkawa, M., Itoh, A., Enomoto, T., Hashimoto, Y. & Masuko, T. (2000). 
Colocalization of GP125/CD98 with tropomyosin isoforms at the cell-cell adhesion boundary. 
Journal of Biochemistry, 127, 253-61. 

Sinha, A.A., Quast, B J., Wilson, M.J., Reddy, P.K., Fernandes, E.T., Ewing, S.L. & Gleason, D R . 
(1998). Immunocytochemical localization of an immunoconjugate (antibody IgG against prostatic 
acid phosphatase conjugated to 5-fluoro-2'-deoxyuridine) in human prostate tumors. Anticancer 

Research, 18,1385-92. 

Smillie, L.B. (1979). Structure and functions of tropomyosin from muscle and nonmuscle sources. 

Trends in Biochemical Science, 4,151-5. 



218 

Smithies, O. & Poulik, M.D. (1956). Two-dimensional electrophoresis of serum proteins. Nature, 
177,1033. 

Sperandeo, M., Sperandeo, G., Varriale, A., La Viola, M., Perta, A., Morcaldi, M., Dimitri, L. & 
Camagna, A. (2000). Transrectal ultrasonography in the early diagnosis of prostate carcinoma: use 
of a new ultrasonography technique with endorectal probe. Archivio Italiano di Urologia, 
Andrologia, 72,200-4. 

Spitz, M.R., Currier, R.D., Fueger, J.J., Babaian, RJ. & Newell, G.R. (1991). Familial patterns of 
prostate cancer: a case-control analysis. Journal of Urology, 146,1305-7. 

Stackhouse, G.B., Sesterhenn, LA., Bauer, JJ., Mostofi, F.K., Connelly, R.R., Srivastava, S.K. & 
Moul, J.W. (1999). p53 and bcl-2 immunohistochemistry in pretreatment prostate needle biopsies 
to predict recurrence of prostate cancer after radical prostatectomy. Journal of Urology, 162, 2040-
5. 

Stamey, T.A., Yang, N., Hay, A.R., McNeal, LE., Freiha, F.S. & Redwine, E. (1987). Prostate-
specific antigen as a serum marker for adenocarcinoma of the prostate. New England Journal of 
Medicine, 317,909-16. 

Stege, R., Grande, M., Carlstrom, K., Tribukait, B. & Pousette, A. (2000). Prognostic significance 
of tissue prostate-specific antigen in endocrine-treated prostate carcinomas. Clinical Cancer 
Research, 6,160-5. 

Steinberg, CD., Carter, B.S., Beaty, T.H., Childs, B. & Walsh, P.C. (1990). Family history and the 
risk of prostate cancer. The Prostate, 17, 337-47. 

Steiner, M.S. (1993). Role of peptide growth factors in the prostate: A review. Urology, 42, 99-
110. 

Steinhoff, M., Eicheler, W., Holterhus, P.M., Rausch, U., Seitz, J. & Aumuller, G. (1994). 
Hormonally induced changes in apocrine secretion of transglutaminase in the rat dorsal prostate 
and coagulating gland. European Journal of Cell Biology, 65,49-59. 

Stenman, U.H. (1997). Prostate-specific antigen, clinical use and staging: an overview. British 
Journal of Urology, 79, 53-60. 

Stenman, U.H., Leinonen, L, Alfthan, H., Rannikko, S., Tuhkanen, K. & Alfthan, O. (1991). A 
complex between prostate-specific antigen and alpha 1-antichymotrypsin is the major form of 
prostate-specific antigen in serum of patients with prostatic cancer: assay of the complex improves 
clinical sensitivity for cancer. Cancer Research, 51,222-6. 

Stenoien, D.L., Cummings, C.J., Adams, H.P., Mancini, M . C , Patel, K., DeMartino, G.N., 
Marcelli, M., Weigel, N.L. & Mancini, M.A. (1999). Polyglutamine-expanded androgen receptors 
form aggregates that sequester heat shock proteins, proteasome components and SRC-1, and are 
suppressed by the HDJ-2 chaperone. Human Molecular Genetics, 8,731-41. 

Stradal, T., Kranewitter, W., Winder, SJ. & Gimona, M . (1998). C H domains revisited. FEBS 

Letters, 431,134-7. 

Strasser, P., Gimona, M., Moessler, H , Herzog, M . & Small, LV. (1993). Mammalian calponin. 
Identification and expression of genetic variants. FEBS Letters, 330,13-8. 

Suria, D. & Liew, C C . (1974). Isolation and analysis of non-histone chromatin proteins from rat-
liver nuclei by three different methods. Canadian Journal of Biochemistry, 52,1143-53. 

Switzer, R.C., 3rd, Merril, C R . & Shifrin, S. (1979). A highly sensitive silver stain for detecting 
proteins and peptides in polyacrylamide gels. Analytical Biochemistry, 98,231-7. 

Szent-Gyorgyi, A. (1973). Bioelectronics and cancer. Journal ofBioenergetics, 4,533-62. 

Szent-Gyorgyi, A. (1965). Cell division and cancer. Science, 149,34-7. 



219 

Szent-Gyorgyi, A., Egyud, L.G. & McLaughlin, LA. (1967). Keto-aldehydes and cell division. 
Science, 155,539-41. 

Szymanski, P.T. & Tao, T. (1993). Interaction between calponin and smooth muscle myosin. FEBS 
Letters, 334, 379-82. 

Tahara, R, Ito, H., Taniyama, K., Yokozaki, H. & Hata, J. (1984). Alpha 1-antitrypsin, alpha 1-
antichymotrypsin, and alpha 2-macroglobulin in human gastric carcinomas: a retrospective 
immunohistochemical study. Human Pathology, 15,957-64. 

Takahashi, K., Hiwada, K. & Kokubu, T. (1986). Isolation and characterization of a 34,000-dalton 
calmodulin- and F-actin-binding protein from chicken gizzard smooth muscle. Biochemical & 
Biophysical Research Communications, 141,20-6. 

Takahashi, K., Hiwada, K. & Kokubu, T. (1987). Occurrence of anti-gizzard P34K antibody cross-
reactive components in bovine smooth muscles and non-smooth muscle tissues. Life Sciences, 41, 
291-6. 

Takahashi, K., Hiwada, K. & Kokubu, T. (1988). Vascular smooth muscle calponin. A novel 
troponin T-like protein. Hypertension, 11,620-6. 

Takahashi, K. & Nadal-Ginard, B. (1991). Molecular cloning and sequence analysis of smooth 
muscle calponin. Journal of Biological Chemistry, 266,13284-8. 

Takenaga, K. & Masuda, A. (1994). Restoration of microfilament bundle organization in v-raf-
transformed N R K cells after transduction with tropomyosin 2 cDNA. Cancer Letters, 87,47-53. 

Takenaga, K., Nakamura, Y. & Sakiyama, S. (1988). Suppression of synthesis of tropomyosin 
isoform 2 in metastatic v-Ha-ras-transformed NIH3T3 cells. Biochemical & Biophysical Research 
Communications, 157,1111-6. 

Takeuchi, L, Sobue, M., Sato, E. & Shamoto, M . (1976a). Variation in glycosaminoglycans 
components of breast tumours. Cancer Research, 36,2133-9. 

Takeuchi, L, Sobue, M., Sato, E., Shamoto, M . & Miura, K. (1976b). Variation in 
glycosaminoglycan components of breast tumors. Cancer Research, 36,2133-9. 

Takeuchi, L, Sobue, M., Yoshida, M., Esaki, T. & Kato, Y. (1975). Pleomorphic adenoma of the 
salivary gland. With special reference to histochemical and electron microscopic studies and 
biochemical analysis of glycosaminoglycans in vivo and in vitro. Cancer, 36,1771-89. 

Takeuchi, K., Takahashi, K., Abe, M., Nishida, W., Hiwada, K., Nabeya, T. & Maruyama, K. 
(1991). Co-localization of immunoreactive forms of calponin with actin cytoskeleton in platelets, 
fibroblasts, and vascular smooth muscle. Journal of Biochemistry, 109,311-6. 

Takimoto, Y., Shimazui, T., Akaza, H , Sato, N. & Noguchi, M . (2001). Genetic heterogeneity of 
surgically resected prostate carcinomas and their biopsy specimens is related to their histologic 

differentiation. Cancer, 91,362-70. 

Tanaka, M., Ozaki, S., Osakada, E , Mori, K., Okubo, M. & Nakao, K. (1998). Cloning of 
follistatin-related protein as a novel autoantigen in systemic rheumatic diseases. International 

Immunology, 10,1305-14. 

Tanaka, M., Suzuki, Y., Takaoka, K., Murakami, S., Suzuki, N. & Shimazaki, J. (1999). 
Immunohistochemical finding of alpha-1-antichymotrypsin in tissues of benign prostatic 
hyperplasia and prostate cancer. International Journal of Urology, 6,600-6. 

Tang, J.X., Szymanski, P.T., Janmey, P A . & Tao, T. (1997). Electrostatic effects of smooth 
muscle calponin on actin assembly. European Journal of Biochemistry, 247,432-40. 

Tapia-Vieyra, LV. & Mas-Oliva, J. (2001). Apoptosis and cell death channels in prostate cancer. 

Archives of Medical Research, 32,175-85. 



220 

Taplin, M.E., Bubley, G.L, Shuster, T.D., Frantz, M E . , Spooner, A.E., Ogata, G.K., Keer, H.N. & 
Balk, S.P. (1995). Mutation of the androgen-receptor gene in metastatic androgen-independent 
prostate cancer. New England Journal of Medicine, 332,1393-8. 

Taplin, M.E. & Ho, S.M. (2001). Clinical review 134: The endocrinology of prostate cancer. 
Journal of Clinical Endocrinology & Metabolism, 86,3467-77. 

Teni, T.R., Bandivdekar, A.H., Sheth, A.R. & Sheth, N.A. (1989). Prostatic inhibin-like peptide 
quantified in urine of prostatic cancer patients by enzyme-linked immunosorbent assay. Clinical 
Chemistry, 35, 1376-9. 

Teni, T.R., Sampat, M.B. & Sheth, N.A. (1992). Inhibin (10.7 kD prostatic peptide) in normal, 
hyperplastic, and malignant human endometria: an immunohistochemical study. Journal of 
Pathology, 168,35-40. 

Teni, T.R., Sheth, A.R., Kamath, M.R. & Sheth, N.A. (1988a). Serum and urinary prostatic inhibin-
like peptide in benign prostatic hyperplasia and carcinoma of prostate. Cancer Letters, 43,9-14. 

Teni, T.R., Sheth, A.R. & Sheth, N.A. (1988b). Modulation of rat prostatic inhibinlike peptide 
(PIP) by steroids and protein hormones. Archives ofAndrology, 20,211-7. 

Tetzlaff, M.T., Jackie, H. & Pankratz, MJ. (1996). Lack of Drosophila cytoskeletal tropomyosin 
affects head morphogenesis and the accumulation of oskar m R N A required for germ cell 
formation. EMBO Journal, 15,1247-54. 

Thompson, T.C, Truong, L.D., Timme, T.L., Kadmon, D., McCune, B.K., Flanders, K.C, 
Scardino, P.T. & Park, S.H. (1992). Transforming growth factor beta 1 as a biomarker for prostate 
cancer. Journal of Cellular Biochemistry, 16,54-61. 

Thomson, JJ. (1913). Rays of Positive Electricity and Their Applications to Chemical Analysis. 
Longmans Green: London. 

Thornalley, PJ. (1990). The glyoxalase system: new developments towards functional 
characterization of a metabolic pathway fundamental to biological life. Biochemical Journal, 269, 

1-11. 

Thornalley, P.L (1993). The glyoxalase system in health and disease. Molecular Aspects of 

Medicine, 14,287'-371. 

Thune, I. & Lund, E. (1994). Physical activity and the risk of prostate and testicular cancer: a 
cohort study of 53,000 Norwegian men. Cancer Causes & Control, 5,549-56. 

Tilley, W.D., Buchanan, C , Hickey, T.E. & Bentel, J.M. (1996). Mutations in the androgen 
receptor gene are associated with progression of human prostate cancer to androgen independence. 

Clincal Cancer Research, 2,277-85. 

Tonnesen, M.G., Klempner, M.S., Austen, K R . & Wintroub, B.U. (1982). Identification of a 
human neutrophil angiotension JJ-generating protease as cathepsin G. Journal of Clinical 

Investigation, 69,25-30. 

Trabelsi-Terzidis, H , Fattoum, A., Represa, A., Dessi, R, Ben-Ari, Y. & der Terrossian, E. (1995). 
Expression of an acidic isoform of calponin in rat brain: western blots on one- or two-dimensional 
gels and immunolocalization in cultured cells. Biochemical Journal, 306,211-5. 

Travis, L, Bowen, J. & Baugh, R. (1978a). Human alpha-1-antichymotrypsin: interaction with 

chymotrypsin-like proteinases. Biochemistry, 17,5651-6. 

Travis, L, Gamer, D. & Bowen, J. (1978b). Human alpha-1-antichymotrypsin: purification and 

properties. Biochemistry, 17,5647-51. 



221 

Tremblay, L, Frenette, G., Tremblay, R.R., Dupont, A., Thabet, M . & Dube, LY. (1987). Excretion 
of three major prostatic secretory proteins in the urine of normal men and patients with benign 
prostatic hypertrophy or prostate cancer. Prostate, 10,235-43. 

Trybus, T.M., Burgess, A.C., Wojno, K.J., Glover, TW. & Macoska, LA. (1996). Distinct areas of 
allelic loss on chromosomal regions lOp and lOq in human prostate cancer. Cancer Research, 56, 
2263-7. 

Tsai, Y.C, Nichols, P.W., Hiti, AL., Williams, Z, Skinner, D.G. & Jones, PA. (1990). Allelic 
losses of chromosomes 9,11, and 17 in human bladder cancer. Cancer Research, 50,44-7. 

Tschulik, A. & Zatloukal, K. (2001). The increasing importance of tumor and tissue banks in the 
light of genomic and proteomic research. Pathologe, 22,310-5. 

Tsugita, A. & Kawakami, T. (1999). Proteome analysis: the state of the art of the methodology. 
Nippon Hoigaku Zasshi - Japanese Journal of Legal Medicine, 53,191-8. 

Tsurusaki, T., Koji, T., Sakai, H , Kanetake, H., Nakane, P.K. & Saito, Y. (1998). Cellular 
expression of beta-microseminoprotein (beta-MSP) m R N A and its protein in untreated prostate 
cancer. Prostate, 35,109-16. 

Ulf-Hakan, S., Leinonen, L, Wan-Ming, Z. & Finne, P. (1999). Prostate Specific Antigen. 
Seminars in Cancer Biology, 9, 83-93. 

Ulrich, A., Coussens, L., Hayflick, LS., Dull, T.J., Gray, A. & Tarn, A W . (1984). Human 
epidermal growth factor receptor c D N A sequence and aberrant expression of the amplified gene in 
A431 epidermoid carcinoma cells. Nature, 309. page numbers 

Ulvsback, M., Lindstrom, C , Weiber, H., Abrahamsson, P.A., Lilja, H. & Lundwall, A. (1989). 
Molecular cloning of a small prostate protein, known as beta-microsemenoprotein, PSP94 or beta-
inhibin, and demonstration of transcripts in non-genital tissues. Biochemical & Biophysical 
Research Communications, 164,1310-5. 

Unwin, R.D., Knowles, M.A., Selby, PJ. & Banks, R.E. (1999). Urological malignancies and the 
proteomic-genomic interface. Electrophoresis, 20,3629-37. 

Upadhyay, L, Shekarriz, B., Nemeth, LA., Dong, Z., Cummings, CD., Fridman, R., Sakr, W., 
Grignon, DJ. & Cher, M L . (1999). Membrane type 1-matrix metalloproteinase (MT1-MMP) and 
M M P - 2 imrnunolocalization in human prostate: change in cellular localization associated with 
high-grade prostatic intraepithelial neoplasia. Clinical Cancer Research, 5,4105-10. 

van Leenders, GJ. & Schalken, LA. (2001). Stem cell differentiation within the human prostate 
epithelium: implications for prostate carcinogenesis. British Journal of Urology International, 88, 

35-42; discussion 49-50. 

Vancompernolle, K., Gimona, M., Herzog, M., Van Damme, L, Vandekerckhove, J. & Small, V. 
(1990). Isolation and sequence of a tropomyosin-binding fragment of turkey gizzard calponin. 

FEBS Letters, 274,146-50. 

Vander Jagt, D.L. (1989). Chemical, Biochemical and Medical Aspects. Glutathione. Wiley-

Interscience: N e w York. 

Vartio, T., Seppa, H. & Vaheri, A. (1981). Susceptibility of soluble and matrix fibronectins to 
degradation by tissue proteinases, mast cell chymase and cathepsin G. Journal of Biological 

Chemistry, 256,471-7. 

Vaze, A.Y., Thakur, A.N. & Sheth, A.R. (1979). Development of a radioimmunoassay for human 
seminal plasma inhibin. Journal of Reproduction & Fertility - Supplement, 135-46. 



222 

Vesprini, D., Nam, R.K., Trachtenberg, L, Jewett, M.A., Tavtigian, S.V., Emami, M., Ho, M., Toi, 
A. & Narod, S.A. (2001). H P C 2 variants and screen-detected prostate cancer. American Journal of 
Human Genetics, 68,912-7. 

Vessella, R.L. & Lange, P.H. (1997). Issues in the assessment of prostate-specific antigen 
immunoassays. A n update. Urologic Clinics of North America, 24,261-8. 

Vesterberg, O. & Svensson, H. (1966). Isoelectric fractionation, analysis, and characterization of 
ampholytes in natural p H gradients. IV. Further studies on the resolving power in connection with 
separation of myoglobins. Acta Chemica Scandinavica, 20,820-34. 

Vince, R. & Daluge, S. (1971). Glyoxalase inhibitors. A possible approach to anticancer agents. 
Journal of Medicinal Chemistry, 14, 35-7. 

Vlahou, A., Schellhammer, PR., Mendrinos, S., Patel, K., Kondylis, F. I., Gong, L., Nasim, S. & 
Wright, G L . (2001). Development of a novel proteomic approach for the detection of transitional 
cell carcinoma of the bladder in urine. American Journal of Pathology, 158,1491-502. 

Vogelstein, B., Fearon, E.R., Hamilton, S.R., Kem, S.E., Preisinger, A.C., Leppert, M., Nakamura, 
Y., White, R., Smits, A.M. & Bos, LL. (1988). Genetic alterations during colorectal-tumor 
development. New England Journal of Medicine, 319,525-32. 

von der Kammer, H., Jurincic-Winkler, C , Horlbeck, R., Klippel, K.F., Pixberg, H.U. & Scheit, 
K.H. (1993). The potential use of prostatic secretory protein of 94 amino acid residues (PSP94) as a 
serum marker for prostatic tumor. Urological Research, 21,227-33. 

von der Kammer, H., Krauhs, R, Aumuller, G. & Scheit, K.H. (1990). Characterization of a 
monoclonal antibody specific for prostatic secretory protein of 94 amino acids (PSP94) and 
development of a two-site binding enzyme immunoassay for PSP94. Clinica Chimica Acta, 187, 
207-19. 

von der Kammer, H , Scheit, K.H., Weidner, W . & Cooper, T.G. (1991). The evaluation of markers 
of prostatic function. Urological Research, 19, 343-7. 

Wada, H , Kito, K., Caskey, L.S., Yeh, E.T. & Kamitani, T. (1998). Cleavage of the C-terminus of 
N E D D 8 by UCH-L3. Biochemical & Biophysical Research Communications, 251,688-92. 

Wada, H , Yeh, E.T. & Kamitani, T. (1999). Identification of NEDD8-conjugation site in human 
cullin-2. Biochemical & Biophysical Research Communications, 257,100-5. 

Wagner, W.H., Henderson, R.M., Hicks, HE., Banes, AJ. & Johnson, G., Jr. (1988). Differences 
in morphology, growth rate, and protein synthesis between cultured arterial and venous endothelial 
cells. Journal of Vascular Surgery, 8, 509-19. 

Walsh, B.L, Molloy, M.P. & Williams, K.L. (1998a). The Australian Proteome Analysis Facility 
(APAF): assembling large scale proteomics through integration and automation. Electrophoresis, 

19,1883-90. 

Walsh, P.C, Retik, A.B., Vaughan, E.D. & Wein, AJ. (1998b). Campbell's Urology. Vol. 2. W . B. 
Saunders Company: Philadelphia. 

Walter, S. & Colstrup, H. (2001). Transrectal ultrasonography of the prostate. Ugeskriftfor Laeger, 

163,891. 

Wang, F.L., Wang, Y., Wong, W.K., Liu, Y , Addivinola, F.J., Liang, P., Chen, L.B., Kantoff, 
P W . & Pardee, A.B. (1996a). Two differentially expressed genes in normal human prostate tissue 
and in carcinoma. Cancer Research, 56,3634-7. 

Wang, M . C , Papsidero, L.D., Kuriyama, M., Valenzuela, L.A., Murphy, G.P. & Chu, T.M. (1981). 
Prostate antigen: a new potential marker for prostatic cancer. Prostate, 2,89-96. 



223 

Wang, M . C , Valenzuela, L.A., Murphy, G.P. & Chu, T.M. (1979). Purification of a human 
prostate specific antigen. Investigative Urology, 17,159-63. 

Wang, Q.F., Tilly, K.I., Tilly, J.L., Preffer, R, Schneyer, A.L., Crowley, WR. & Sluss, P.M. 
(1996b). Activin inhibits basal and androgen-stimulated proliferation and induces apoptosis in the 
human prostatic cancer cell line, LNCaP. Endocrinology, 137,5476-83. 

Wang, S., Diamond, D.L., Hass, CM., Sokoloff, R. & Vessella, R.L. (2001). Identification of 
prostate specific membrane antigen (PSMA) as the target of monoclonal antibody 107-1A4 by 
proteinchip; array, surface-enhanced laser desorption/ionization (SELDI) technology. International 
Journal of Cancer, 92, 871-6. 

Wang, T.J., Hill, T.M., Sokoloff, R.L., Frankenne, R, Rittenhouse, H.G. & Wolfert, R.L. (1996c). 
Dual monoclonal antibody immunoassay for free prostate-specific antigen. Prostate, 28,10-6. 

Warhol, M J . & Longtine, J.A. (1985). The ultrastructural localization of prostatic specific antigen 
and prostatic acid phosphatase in hyperplastic and neoplastic human prostates. Journal of Urology, 
134,607-13. 

Warren, K.S., Lin, J.L., McDermott, J.P. & Lin, JJ. (1995). Forced expression of chimeric human 
fibroblast tropomyosin mutants affects cytokinesis. Journal of Cell Biology, 129,697-708. 

Warren, R.H., Gordon, E. & Azarnia, R. (1985). Tropomyosin in peripheral ruffles of cultured rat 
kidney cells. European Journal of Cell Biology, 38,245-53. 

Wasinger, V.C, Cordwell, S J., Cerpa-Pofjak, A., Yan, J.X., Gooley, A.A., Wilkins, M.R., Duncan, 
M.W., Harris, R., Williams, K.L. and Humphery-Smith, I. (1995). Progress with gene-product 
mapping of the Mollicutes: Mycoplasma genitalium. Electrophoresis, 16,1090-4. 

Watanabe, M., Nittoh, T., Suzuki, T., Kitoh, A., Mue, S. & Ohuchi, K. (1995). Isolation and partial 
characterisation of eosinophil proteins in rat eosinophil cationic protein and major basic protein. 
International Archives of Allergy and Immunology, 108,11-8. 

Waters, DJ. (1999). High-grade prostatic intraepithelial neoplasia in dogs. European Urology, 35, 
456-8. 

Watt, K.W., Lee, P.J., M'Timkulu, T., Chan, W.P. & Loor, R. (1986). Human prostate-specific 
antigen: structural and functional similarity with serine proteases. Proceedings of the National 
Academy of Sciences of the United States of America, 83,3166-70. 

Webber, M.M., Waghray, A. & Bello, D. (1995). Prostate-specific antigen, a serine protease, 
facilitates human prostate cancer cell invasion. Clinical Cancer Research, 1,1089-94. 

Weeke, B. & Jarnum, S. (1971). Serum concentration of 19 serum proteins in Crohn's disease and 
ulcerative colitis. Gut, 12,297-302. 

Weiber, H., Andersson, C , Murne, A., Rannevik, C , Lindstrom, C , Lilja, H. & Fernlund, P. 
(1990). Beta microseminoprotein is not a prostate-specific protein. Its identification in mucous 
glands and secretions. American Journal of Pathology, 137,593-603. 

Weinberg, R.A. (1985). The action of oncogenes in the cytoplasm and nucleus. Science, 230, 770-
6. 

Weinberger, S.R., Morris, T.S. & Pawlak, M . (2000). Recent trends in protein biochip technology. 

Pharmacogenomics, 1,395-416. 

Weston, A., Willey, J.C, Modali, R., Sugimura, H , McDowell, E.M., Resau, L, Light, B., Haugen, 
A., Mann, D.L. & Trump, B R . (1989). Differential D N A sequence deletions from chromosomes 3, 
11, 13, and 17 in squamous-cell carcinoma, large-cell carcinoma, and adenocarcinoma of the 
human lung. Proceedings of the National Academy of Sciences of the United States of America, 86, 

5099-103. 



224 

Whitby, F.G., Xia, C , Pickart, C M . & Hill, C P . (1998). Crystal structure of the human ubiquitin-
like protein N E D D 8 and interactions with ubiquitin pathway enzymes. Journal of Biological 
Chemistry, 273,34983-91. 

Whittemore, A.S., Wu, A.H., Kolonel, L.N., John, E.M., Gallagher, R.P., Howe, G.R., West, D.W., 
Teh, C Z . & Stamey, T. (1995). Family history and prostate cancer risk in black, white, and Asian 
men in the United States and Canada. American Journal of Epidemiology, 141,732-40. 

Wight, T.N., Kinsella, M.G. & Qwarnstrom, E.E. (1992). The role of proteoglycans in cell 
adhesion, migration and proliferation. Current Opinion in Cell Biology, 4,793-801. 

Wikstrom, P., Damber, J. & Bergh, A. (2001). Role of transforming growth factor-betal in prostate 
cancer. Microscopy Research & Technique, 52,411-9. 

Wildgruber, R., Harder, A., Obermaier, C, Boguth, C, Weiss, W., Fey, S.L, Larsen, P.M. & Gorg, 
A. (2000). Towards higher resolution: two-dimensional electrophoresis of Saccharomyces 
cerevisiae proteins using overlapping narrow immobilized p H gradients. Electrophoresis, 21,2610-
6. 

Wilding, G. (1991). Response of prostate cancer cells to peptide growth factors: transforming 
growth factor-beta. Cancer Surveys, 11,147-63. 

Wiley, W . C & McLaren, I.H. (1955). Time-of-flight mass spectrometer with improved resolution. 
Revue Scientifique et Instrumentation, 26,1150-7. 

Wilkins, M.R., Sanchez, J.C, Gooley, A.A., Appel, R.D., Humphery-Smith, I., Hochstrasser, D.F. 
& Williams, K.L. (1996). Progress with proteome projects: why all proteins expressed by a genome 
should be identified and how to do it. Biotechnology & Genetic Engineering Reviews, 13,19-50. 

Wilkinson, K.D. (1995). Roles of ubiquitinylation in proteolysis and cellular regulation. Annual 
Review of Nutrition, 15,161-89. 

Wills, F.L., McCubbin, W.D. & Kay, C M . (1993). Characterization of the smooth muscle calponin 
and calmodulin complex. Biochemistry, 32,2321-8. 

Wills, F.L., McCubbin, W.D. & Kay, C M . (1994). Smooth muscle calponin-caltropin interaction: 
effect on biological activity and stability of calponin. Biochemistry, 33,5562-9. 

Wilm, M., Shevchenko, A., Houthaeve, T., Breit, S., Schweigerer, L., Fotsis, T. & Mann, M. 
(1996). Femtomole sequencing of proteins from polyacrylamide gels by nano-electrospray mass 
spectrometry. Nature, 379,466-9. 

Wiltfang, L, Arold, N. and Neuhoff, V. (1991). A new multiphasic buffer system for sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis of proteins and peptides with molecular masses 
100,000-1000, and their detection with picomolar sensitivity. Electrophoresis, 12,352-66. 

Wiman, K.G. (1993). The retinoblastoma gene: role in cell cycle control and cell differentiation. 

FASEB Journal, 7,841-5. 

Winder, S J., Sutherland, C & Walsh, M.P. (1991). Biochemical and functional characterization of 
smooth muscle calponin. Advances in Experimental Medicine & Biology, 304,37-51. 

Winder, SJ. & Walsh, M.P. (1990). Smooth muscle calponin. Ln-hibition of actomyosin 
MgATPase and regulation by phosphorylation. Journal of Biological Chemistry, 265,10148-55. 

Winder, S J. & Walsh, M.P. (1993). Calponin: thin filament-linked regulation of smooth muscle 

contraction. Cellular Signalling, 5,677-86. 

Winder, SJ. & Walsh, M.P. (1996). Calponin. Current Topics in Cellular Regulation, 34,33-61. 



225 

Wistuba, II, Behrens, C , Virmani, A.K., Milchgrub, S., Syed, S., Lam, S., Mackay, B., Minna, J.D. 
& Gazdar, A R . (1999). Allelic losses at chromosome 8p21-23 are early and frequent events in the 
pathogenesis of lung cancer. Cancer Research, 59,1973-9. 

Wojno, K.L & Epstein, J.L (1995). The utility of basal cell-specific anti-cytokeratin antibody in the 
diagnosis of prostate cancer. American Journal of Surgical Pathology, 19,251-60. 

Woodgett, J.R., Gould, K.L. & Hunter, T. (1986). Substrate specificity of protein kinase C Use of 
synthetic peptides corresponding to physiological sites as probes for substrate recognition 
requirements. European Journal of Biochemistry, 161,177-84. 

Woolf, CM. (1960). An investigation of the familail aspects of carcinoma of the prostate. Cancer, 
13,739. 

Wright, G.L., Cazares, L.H., Leung, S.M., Nasim, S., Adam, B.L., Yip, T.T., Schellhammer, PR., 
Gong, L. & Vlahou, A. (2000). Proteinchip surface enhanced laser desorption/ionisation (SELDI) 
mass spectrometry: a novel protein biochip technology for detection of prostate cancer biomarkers 
in complex protein mixtures. Prostate Cancer and Prostatic Diseases, 2, 264-76. 

Wright, G.L., Jr., Huang, C.L., Lipford, C , Beckett, M L . , Liang, H.M., Haley, C , Newhall, K. & 
Morningstar, M . (1990). Generation and characterization of monoclonal antibodies to prostate 
secretory protein. International Journal of Cancer, 46, 39-49. 

Wright, W.E. & Shay, J.W. (1992). Telomere positional effects and the regulation of cellular 
senescence. Trends in Genetics, 8,193-7. 

Wu, D., Guo, Y., Chambers, AR., Izawa, J.L, Chin, LL. & Xuan, J.W. (1999). Serum bound forms 
of PSP94 (prostate secretory protein of 94 amino acids) in prostate cancer patients. Journal of 
Cellular Biochemistry, 76, 71-83. 

W u , J.T., Zhang, P., Bandhauer, M.E., Wilson, L., Astill, M R . & Colemere, J.T. (1995). 
Purification of PSA-ACT complex: characterization of PSA-ACT complex by various 
chromatographic procedures. Journal of Clinical Laboratory Analysis, 9,25-31. 

Wu, J.T., Zhang, P., Liu, G.H. & Wilson, L. (1998). Development of an immunoassay specific for 
the PSA-ACT complex without the problem of high background. Journal of Clinical Laboratory 
Analysis, 12,14-9. 

Xu, L, Meyers, D., Freije, D., Isaacs, S., Wiley, K., Nusskern, D., Ewing, C , Wilkens, R, 
Bujnovszky, P., Bova, G.S., Walsh, P., Isaacs, W., Schleutker, L, Matikainen, M., Tammela, T., 
Visakorpi, T., Kallioniemi, O.P., Berry, R., Schaid, D., French, A., McDonnell, S., Schroeder, L, 
Blute, M., Thibodeau, S. & Trent, J. (1998). Evidence for a prostate cancer susceptibility locus on 
the X chromosome. Nature Genetics, 20,175-9. 

Xuan, J.W., Chin, J.L., Guo, Y., Chambers, A.F., Finkelman, M.A. & Clarke, M W . (1995). 
Alternative splicing of PSP94 (prostatic secretory protein of 94 amino acids) m R N A in prostate 

tissue. Oncogene, 11,1041-7. 

Xuan, J.W., W u , D., Guo, Y., Garde, S., Baijal-Gupta, M. & Chin, LL. (1997a). Analysis of 
epitope structure of PSP94 (prostate secretory protein of 94 amino acids): (I). Immuno-dominant 
and immuno-recessive area. Journal of Cellular Biochemistry, 65,172-85. 

Xuan, J.W., W u , D., Guo, Y., Huang, C.L., Wright, G.L., Jr. & Chin, J.L. (1997b). Analysis of 
epitope structure of PSP94 (prostate secretory protein of 94 amino acids): (II). Epitope mapping by 
monoclonal antibodies. Journal of Cellular Biochemistry, 65,186-97. 

Yamawaki-Kataoka, Y. & Helfman, D.M. (1987). Isolation and characterization of c D N A clones 
encoding a low molecular weight nonmuscle tropomyosin isoform. Journal of Biological 

Chemistry, 262,10791-800. 



226 

Yang, LP., Baijal-Gupta, M., Garde, S.V., Fraser, JR., Finkelman, M.A. & Clarke, M W . (1998). 
Identification of binding proteins for PSP94 in human prostate adenocarcinoma cell lines LNCaP 
and PC-3. Prostate, 35,11-7. 

Yang, Y., Chisholm, CD. & Habib, F.K. (1993). Epidermal growth factor and transforming growth 
factor alpha concentrations in B P H and cancer of the prostate: their relationship with tissue 
androgen levels. British Journal of Cancer, 67,152-5. 

Yates, J.R., 3rd, Speicher, S., Griffin, P.R. & Hunkapiller, T. (1993). Peptide mass maps: a highly 
informative approach to protein identification. Analytical Biochemistry, 214,397-408. 

Yeh, E.T., Gong, L. & Kamitani, T. (2000). Ubiquitin-like proteins: new wines in new bottles. 
Gene, 248,1-14. 

Yu, H. & Diamandis, E.P. (1995a). Measurement of serum prostate specific antigen levels in 
women and in prostatectomized men with an ultrasensitive immunoassay technique. Journal of 
Urology, 153,1004-8. 

Yu, H. & Diamandis, E.P. (1995b). Prostate-specific antigen in milk of lactating women. Clinical 
Chemistry, 41,54-8. 

Yu, H, Diamandis, E.P. & Sutherland, DJ. (1994). Immunoreactive prostate-specific antigen 
levels in female and male breast tumors and its association with steroid hormone receptors and 
patient age. Clinical Biochemistry, 27, 75-9. 

Yuasa, U., Mino, T., Naka, M., Yada, I. & Tanaka, T. (1999). Regulatory mechanisms of calponin 
phosphorylation in endothelin-1-induced contraction of porcine coronary artery. Journal of 
Molecular and Cellular Cardiology, 31, 1281-7. 

Zaneveld, LJ.D. & Tauber, PR. (1981). Contributions of Prostatic Fluid Components to the 
Ejaculate. The Prostate Cell: Structure and Function. W . B. Saunders: N e w York. 

Zaridze, D.C, Boyle, P. & Smans, M. (1984). International trends in prostate cancer. International 
Journal of Cancer, 33,223-30. 

Zuo, X. & Speicher, D.W. (2000). A method for global analysis of complex proteomes using 
sample prefractionation by solution isoelectrofocusing prior to two-dimensional electrophoresis. 
Analytical Biochemistry, 284,266-78. 

Zwijsen, A., Blockx, H., Van Arnhem, W., Willems, L, Fransen, L., Devos, K., Raymackers, L, 

Van de Voorde, A. & Siegers, H. (1994). Characterization of a rat C6 glioma-secreted follistatin-
related protein (FRP). Cloning and sequence of the human homologue. European Journal of 
Biochemistry, 225,937-46. 



APPENDIX 1 



227 

A1.1 INTRODUCTION 

PSGs were first reported by Dr Ronald Cohen who supervised early parts of this work. 

This appendix describes approaches used to identify and characterise PSGs which 

potentially contain proteins and molecules that have roles as markers of prostatic 

malignancy. These studies were superseded by proteomics analysis to identify protein 

differences between nonmalignant and malignant prostate tissues. 

Al.1.1 PROSTATE SECRETORY GRANULES 

Secretory material is released from glandular cells in male accessory sex glands by two 

different mechanisms; apocrine and merocrine (Aumuller & Seitz, 1990). Merocrine 

secretion commences with translation on ribosomes of rough endoplasmic reticulum, 

where a characteristic hydrophobic N-terminal amino acid sequence is synthesised. The 

peptide is then translocated into the lumen of the rough endoplasmic reticulum with the 

support of signal recognition particles. Newly formed proteins are transported into the 

Golgi apparatus where post-translational modifications and formation of secretory 

granules occur. Secretory granules are then transferred to the apical plasma membrane, 

where they release their contents after fusion of the granule membrane with the apical 

plasma membrane (Renneberg et al, 1997). 

Apocrine secretion is where the secretory product is accumulated at the apical margin 

of the cell and this section of the cell is subsequently 'pinched off. The resulting 

secretory vesicle or bleb is released into the lumen of the gland. The remaining part of 

the cell repairs itself and repeats the process. Although little is known about the 

intracellular processing and modification of secretory proteins synthesised by the 

prostate, apocrine secretion is the most likely release mechanism for these types of 

proteins (ie the release of secretory material through apical protrusions or blebs) (Seitz 

etal, 1990; Steinhoff etal, 1994). 

Prostasomes, first described by Brody and Ronquist, are secretory particles found in the 

apical portions of human prostate epithelial cells, in prostatic fluid and seminal plasma 

(Brody & Ronquist, 1983; Ronquist et al, 1978a; Ronquist et al, 1978b). Prostasomes 
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are secretory granules or vesicles that are secreted from prostate epithelial cells, most 

likely by an apocrine mechanism (Ronquist & Brody, 1985). They are surrounded by a 

bi or multi-layered membrane and have a diameter of 40-500nm regardless of whether 

they are observed intracellularly or extracellularly (Breitbart & Rubinstein, 1982). 

Prostasomes are rich in cholesterol, calcium and other small molecules. The lipid 

composition of prostasomes is unusual due to quantitative predominance of cholesterol 

over phospholipids. Such a lipid composition accounts for a highly ordered structure of 

the prostasome membrane (Arienti et al, 1998; Arvidson et al, 1989). Sphingomyelin 

is the main phospholipid in prostasomes. 

Prostasome-containing vacuoles are released from secretory cells into the acinar lumen 

by two modes. One is a normal exocytosis mechanism which involves the fusion of the 

vacuole and plasma membranes resulting in the release of prostasomes into the acinar 

lumen. Alternatively, the intact vacuole is displaced from the interior of the cell to the 

acinar lumen with perforation of the apical plasma membrane, a process termed 

diacytosis (Brody et al, 1983; Ronquist & Brody, 1985). Physiological roles of 

prostasome contents include the protection of sperm in acidic milieu, enhancement of 

sperm motility, delay of the acrosome reaction, liquification of semen and 

immunomodulation of local environment by inhibiting the mitogen-induced 

proliferation of lymphocytes and by modulating the activity of macrophages (Ronquist 

& Brody, 1985). 

In a recent study, Nilsson demonstrated that prostasomes decrease in number when 

normal cells undergo neoplastic transformation and become less differentiated, (Nilsson 

et al, 1999). This is a property shared with the recently described prostate secretory 

granules (PSGs) which are also greatly diminished and mostly absent in prostate 

carcinomas. The distinctive cytoplasmic clarity of normal prostatic secretory 

epithelium, has been revealed by recent data to result from a fixation artifact (Cohen et 

al, 1998). Cytoplasmic clarity was believed to be due to cytoplasmic accumulations of 

lipids and lysosomes, however, fixation of normal prostate tissue using a 

gluteraldehyde based fixative preserved intracytoplasmic granules, which had been 

previously destroyed by routine formaldehyde fixation. 

PSGs are filled with intensely staining eosinophilic granules (Cohen et al, 1998) and 

are approximately 1 jxm in diameter. Like prostasomes, PSGs are densely concentrated 
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in the apical portion of secretory epithelial cells and are secreted by a unique, poorly 

defined apocrine mechanism. After secretion of the contents of the PSGs, the luminal 

cytoplasm becomes a decapitated cytoplasmic body which has a faintly basophilic 

membrane with remnant cytoplasm (Cohen et al, 2000b). Eosinophilic bodies are 

subsequently formed when the decapitated cytoplasmic bodies shrink to form a sphere 

with a bright eosinophilic casing (Cohen et al, 1998). It is suggested that the 

eosinophilic bodies may dissolve into luminal secretions or the surface of the corpus 

amylaceum. Although currently unknown, due to the eosinophilic nature of the PSGs, 

loss of eosinophilia within the decapitated cytoplasm may represent the loss of one of 

the PSGs constituent proteins. 

PSGs do not contain internal membranes or structures as seen by electron microscopy 

(Cohen et al, 1998). Immunohistochemically and by ultrastructural 

immunolocalisation, it has been shown that over 6 0 % of intact PSGs contain prostatic 

proteases, including prostate specific antigen (Cohen etal, 2000b). Furthermore, recent 

investigations have confirmed the presence of the glycosaminoglycan, keratan sulfate 

(KS) in normal prostatic epithelial cells (Cohen et al, 2000a). Although a stabilising 

role has been postulated, the function of K S in PSGs is yet to be determined (Cohen et 

al, 2000b). 

Regions of high-grade prostate epithelial cell dysplasia show loss of PSGs, consistent 

with their pre-neoplastic character (Cohen et al, 2000b). In addition, despite sparsely 

scattered PSGs in a few cells, both prostatic intraepithelial neoplasia and cancer 

showed no evidence of PSGs. P S A and P A P were immunohistochemically variable in 

malignant epithelial cells although when present, they tended to be most intense along 

the surface cell membrane (Cohen et al, 2000a). Furthermore, in contrast with normal 

epithelial cells, apical budding was not apparent in malignant cells. 

Histological demonstration of PSGs and the associated production and storage of 

protease enzymes identifies an important qualitative difference between normal and 

malignant cells. Characterisation of PSGs and the secretory processes involved in either 

normal or malignant prostatic epithelial cells may enhance our understanding of the 

nature of malignant transformation in prostatic epithelial cells. 
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Al.2.1 Initial PSG Extraction 

Prostate tissue, either obtained freshly following open prostatectomy or from frozen 

stocks, was finely chopped on ice using scissors and scalpel blades and was then 

suspended in 2ml TBS44 containing an anti-proteases complete tablet. This suspension 

was homogenised for 3 x 5 second sets on ice using a T25 Ultra-Turrax and the 

resulting homogenate was diluted with an equal volume of 50mM sucrose39. After 

gentle mixing, 3 strokes using a glass pestle homogenisor were performed and the final 

homogenate was centrifuged at 2400 g for 15 minutes at 4°C. The pellet was re-

suspended in TBS44, vortexed and re-centrifuged. Both soluble extracts were mixed and 

layered over a discontinuous sucrose gradient (60%40, 4 0 % and 20%). Gradients were 

centrifuged at 12000 g for 3 hours at 4°C and fractions were collected from above the 

2 0 % sucrose layer (supernatant) and the interfaces between the 2 0 % and 4 0 % (interface 

1) and 4 0 % and 6 0 % (interface 2) layers. Supernatant above each interface was also 

removed. The pellet from below the 6 0 % sucrose layer was resuspended in 50 m M 

sucrose39 buffered with lOmM Tris-phosphate45 and centrifuged at 12000 g for 1 hour 

at 4°C. The supernatant was discarded and the final pellet was resuspended in 50 jil 

lOmM Tris-phosphate45. The fractions from the interface layers 1 and 2 were diluted 

with an equal volume of lOmM Tris-phosphate45 and centrifuged at 12000 g for 1 hour 

at 4°C. The supernatants (labeled GJJF1S and GIF2S) and the re-suspended pellets 

(labeled GIF1P and GIF2P) were stored at -20°C. 

Al.2.2 PSG Extraction 

This procedure was performed by Dr John Holland. Prostate tissue, either obtained 

freshly following open prostatectomy or from frozen stocks, was homogenised in 10 

volume 4 M guanidine HC1/0.1% CHAPS/50mM Na acetate, pH 6.0 (GCA) containing 

a cocktail of protease inhibitors and incubated overnight at 4°C with shaking to 

solubilise proteoglycans. Insoluble material was collected by centrifugation at 2400 g 

for 30 minutes at 4°C and re-extracted with G C A as before. Soluble extracts were 

diluted with 4 volumes of ethanol and allowed to precipitate overnight at 4°C. The 

precipitates were collected by centrifugation at 2400 g for 30 minutes at 4°C and 

resuspended in 7 M urea/0.2% CHAPS/50mM Na acetate, pH6.0 (UCA). 
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Al.2.3 Dynal Bead Extraction 

Dynabeads M-450 rat anti-mouse IgGl (Dynal) were coated with anti-keratan sulphate 

antibody (Seikagaku, clone 5-D-4) using 1.5 jig antibody per 107 beads. Beads were 

washed 3 times with TBS 4 4 to remove unbound antibody, resuspended in 0.1 M 

triethanolamine, p H 9.0 containing dimethylpimelimidate (5mg/107 beads) and 

incubated for 1 hour at room temperature to crosslink the 5-D-4 antibody to the beads. 

Antibody coated beads were incubated with PSGs (isolated according to section 

Al.2.2). After removal of the supernatant, beads were washed with 2 x 200 uJ/lO7 

beads TBS44, 2 x 200 JJLI/107 beads TBS/0.2% Tween 2044 and 2 x 200 ul 0.15 M 

NaCl27, p H 2.3. Beads were incubated with lOOul C G A for 1 hour at 4°C to elute KS. 

The eluate was diluted with 50 m M N a acetate, p H 6.0 and concentrated to remove 

guanidine HC1. Eluates were diluted with ddHiO if necessary and diluted 1:1 (v/v) with 

2x SDS-PAGE loading buffer33. 
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Al.3.1 P S G extraction 

PSG extraction protocol used for human tissues is the same for dog tissues. PSGs were 

extracted according to section Al.2.1. Prior to electrophoresis, granule preparations 

were washed for 30 minutes in TBS 4 4 (100 uJ granules/1 ml buffer). Following this, 25 

|il of granule extracts were electrophoresed (section 3.3). Both gradient interface pellets 

1 and 2 were overloaded as indicated by the vertical streaking. The resulting gradient 

pellet contained a range of proteins (Figure A1-1A). 

To improve the quality of the PSGs extracted from human prostate, 3 pieces of fresh 

prostate tissue were placed into water, 0.01 % Triton-X 100 and 0.5M Tris43 and mixed 

overnight at 4°C prior to extraction (section Al.2.1). Twenty ul samples of the PSGs 

extracts and a 2 x dilution of each treated extract (water, 0.01 % Triton-X 100 and 0.5 

m M Tris) were loaded. Samples were electrophoresed and proteins were stained with 

colloidal Coomassie Blue (section 3.5.1). Proteins of 220 kD to 8 kD were extracted 

using all four procedures (data not shown). Clear bands were visualised in all samples 

except the water extracted sample where a strongly staining smear was seen (as 

expected) indicating protein degradation and incomplete solubilisation. Fewer proteins 

were extracted (less bands were visualised) using 0.01 % Triton-X 100 compared to 0.5 

m M Tris buffer. 

A.l.3.2 Alternative Staining Techniques 

As previous analysis of PSG extracts revealed that PSGs are rich in glycosylated 

proteins, visualisation of these proteins was attempted using alternative staining 

techniques. PSGs were extracted according to section Al.2.1, electrophoresed (section 

3.3) and stained with alcian blue (section 3.5.3), toluidine blue (section 3.5.4) or 

periodic acid schiff (section 3.5.4). Diffuse staining at -20 kD was detected in alcian 

blue and periodic acid schiff stained gels (Figure A1-1B). In addition, pale diffuse 

staining at -90 kD and -50 kD was observed in periodic acid schiff stained gels (Figure 

A1-1C). The identity of glycosylated proteins stained using these protocols is unknown. 

No proteins were visualised in toluidine blue stained gels (not shown). 
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Figure Al-1 SDS-PAGE of PSGs. Proteins were extracted from human 

prostate tissues, electrophoresed in 12% polyacrylamide gels and stained 
with colloidal Coomassie Blue (A), alcian blue (B) and periodic acid schiff 
(C). 
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2. Gradient Supernatant (GS) 
3. Gradient interface supernatant 1 (GIFIS) 
4. Gradient interface pellet 1 (GIF1P) 
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6. Gradient interface supernatant 2 (GIF2S) 
7. Gradient interface pellet 2 (GIF2P) 
8. Gradient pellet (GP) 
M. Broad Range Marker 

Lane: 
1. Gradient Supernatant (GS) 
2. Gradient Interface Pellet (GIF1P) 
3. Gradient interfacePellet 2 (GIF2P) 
4. Gradient Pellet (GP) 
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Al.3.3 Western Blot Analysis of P S G 

Following optimisation of P S G extraction (Figure A1-2A), western blotting for 

previously identified prostate secretory proteins was carried out to identify P S G 

contents. For this, extracts were electrophoresed (section 3.3) and proteins were 

transferred to Hybond-C membranes (section 3.7.1). Immunostaining was performed 

using anti-PSA, anti-PAP and anti-prostasome (dipeptidyl peptidase D/) antibodies 

(section 3.7.3). Using the P S A antibody, a 38 k D protein was detected in the gradient 

supernatant, gradient interface pellet 2 and in the gradient pellet (Figure A1-2B). In 

addition, 33 k D and 35 k D protein bands were detected in the gradient supernatant. A 

50 k D and 45 k D protein were detected in the supernatant, gradient interface pellets 1 

and 2 and also in the gradient pellet using the P A P antibody (Figure A1-2C). Finally, 

using the prostasome antibody, an 85 k D protein was detected in the supernatant, 

gradient interface pellets 1 and 2 and also in the gradient pellet (Figure A1-2D). 

A number of other primary antibodies were also examined including anti-eosinophil 

major basic protein (MBP), anti-lactoferrin, anti-heat shock protein 70 (HSP70), anti-

glutathione S-transferase, anti-metallominine and anti-sialosy-tn. The anti-MBP 

antibody detected a protein smear ranging from 30 k D to 60 k D in the gradient pellet 

only, correlating strongly with previous reports (not shown) (Watanabe et al, 1995). 

The anti-lactoferrin antibody detected an 80 k D protein in the gradient supernatant, 

gradient interface pellets 1 and 2 and also in the gradient pellet (Figure A1-3A). Using 

the anti-sialosyl-tn-antigen antibody, a 90 k D protein was detected in the gradient 

interface pellet 2 and also, with a stronger signal in the gradient pellet (Figure A1-3B). 

A high molecular weight protein was detected using the anti-matrix metallothionein 

antibody. Figure A1-3C shows the high molecular weight protein is greater than 200 

k D in size and was detected in the gradient pellet fraction only. It is likely that this 

protein has not entered the resolving gel due to its large molecular mass. 

Although a wide range of antibody dilutions were assessed, no signal was detected in 

any fractions using the anti-HSP70 nor the anti-glutathione S-transferase antibodies. 
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Figure Al-2 Western blot analysis of PSGs. Proteins were extracted 
from human prostate tissues and electrophoresed in 1 0 % 
polyacrylamide gels. (A) ID SDS-PAGE of PSG stained with colloidal 
Coomassie Blue and western blot analysis for (B) PSA, (C) P A P and 
(D) prostasome-like protein. Gel A only was electrophoresed by Dr 
John Holland. 
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1. Gradient Supernatant (GS) 
2. Wash 1 
3. Gradient interface supernatant 1 (GIF1S) 
4. Gradient interface pellet 1 (GIF1P) 
5. Gradient interface supernatant 2 (GIF2S) 
6. Gradient interface pellet 2 (GIF2P) 
7. Wash 2 
8. Gradient pellet (GP) 
M. Broad Range Marker 
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Figure Al-3 Western blot analysis of PSGs. Proteins were extracted 
from human prostate tissues and electrophoresed in 1 0 % polyacrylamide 
gels. Following western transfer, proteins were immunostained using 
lactoferrin (A), sialosyl-Tn-antigen (B) and metallothionein (C) 
antibodies. 

A-C Lane: 
M . Broad Range M W Markers 
1. Gradient Supernatant (GS) 
2. Gradient interface supernatant 1 (GIF1S) 
3. Gradient interface pellet 1 (GIF 1P) 
4. Gradient interface supernatant 2 (GIF2S) 
5. Gradient interface pellet 2 (GIF2P) 
6. Gradient pellet (GP) 
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Al.3.5 Keratan Sulphate 

The work presented here in conjunction with earlier work at the Urological Research 

Centre (coordinated by Dr Ronnie Cohen and Dr Hugh Dawkins) identified the 

strongly cationic glycosaminoglycan, K S as a significant component of the prostate 

secretory granules. 

Al.3.5.1 KS Analysis in PSG 

To determine if K S was present in the PSGs and if so, which fraction, PSGs were 

extracted from fresh dog prostate tissues according to section 3.1.2. Proteins were then 

electrophoresed (section 3.3) and transferred to a Hybond-C membranes (section 3.7.1). 

Immunostaining was performed according to section 3.7.3 using an anti-KS antibody. 

A protein with an approximate molecular weight of 60 k D was detected in the gradient 

interface pellets 1 and 2 and with an markedly stronger signal in the gradient pellet 

(Figure Al-4). As expected, this protein had a slightly smeared appearance in keeping 

with the typical pattern of a glycosylated protein. A 200 k D protein was also detected 

in the gradient pellet possibly representing dissociated carbohydrate side chains from 

the core protein. 

Al.3.5.2 Dynal Bead Purification of the KS protein 

To identify the core protein that K S is bound to in human prostate tissue, magnetic 

beads coated with an anti-KS antibody were used to selectively remove all proteins 

identified by this antibody (section Al.2.3). Extracted proteins were electrophoresed 

(section 3.3) and stained with colloidal Coomassie Blue (section 3.5.1). Four proteins 

were visualised in the eluate fraction (not shown). In the eluate, the two main proteins 

had approximate molecular weights of 35 k D and 15 k D and the more weakly staining 

proteins had approximate molecular weights of 45 k D and 21 kD. 

To determine whether KS had been extracted using this protocol, a second series of 

gels were electrophoresed (section 3.3) containing proteins extracted from dog prostate 

tissues. Proteins were transferred to Hybond-C membranes (section 3.7.1) and 

immunostained using an anti-KS antibody (section 3.7.3). N o protein bands were 

visualised indicating that K S had not been isolated (not shown). 

Dr John Holland continued this work and successfully isolated KS from fresh and 

frozen human prostate tissues using anion exchange chromatography and affinity 
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chromatography. Once purified, the K S extract was digested and resolved using 2D 

electrophoresis. Novel proteins selected by comparing digested and un-digested 

extracts were excised and sent to the Australian Proteomic Analysis facility for peptide-

mass fingerprinting. From this data, the core protein was identified as lumican. 

Al.3.5.3 Confirmation of Lumican as Core Protein 

Extracts, S D S - P A G E gels and membranes were all obtained from Dr John Holland. 

Purified K S was subjected to digestion by a panel of glycosidases in order to examine 

the nature of the carbohydrate content of lumican. Immunoblotting was performed 

using an antibody specific for lumican (section 3.7.3). A protein with an approximate 

molecular weight of 50 k D (typical migration size of lumican) was detected in K S 

extracts treated with PNGase, keratanase II + PNGase and keratanase II + PNGase + 

nanase (Figure Al-5). 
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Figure Al-4 ID western blot of PSG immunostained for KS. Proteins 
were extracted from dog prostate tissues, electrophoresed in 10% 
polyacrylamide gels and transferred to Hybond-C membranes. 
Immunostaining was performed using a KS antibody. 
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Figure Al-5 ID western blots of purified K S subjected to digestion by a 
panel of glycosidases. Proteins were electrophoresed in 1 2 % 
polyacrylamide gels and following western transfer, membranes were 
immunostained with a lumican antibody. 
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Present knowledge of normal prostatic secretory mechanisms is rudimentary although 

recent detection of PSGs have led to advances in the understanding of this process (Cohen 

et al, 1998; Cohen et al, 2000b). Very few studies have specifically investigated the 

composition of PSGs. 

The contents of PSGs were examined using a range of techniques. Previous sugar analysis 

of P S G extracts indicated a relatively high abundance of glycosylated proteins (Cohen et 

al, 2000b). In view of this, three alternative staining techniques were used to confirm the 

presence of glycosylated proteins and determine their apparent molecular sizes. Using 

Alcian Blue and periodic acid schiff, diffuse staining at 20 k D was detected possibly 

representing a glycosylated protein. However, it is unlikely that this is the protein that was 

detected in the original sugar analysis (which was 50 kD) due to its low molecular size. A 

second weakly staining protein (90 kD) was also detected using P A S and like the 20 k D 

protein, is unlikely to represent the protein detected in the original sugar analysis. 

As specific monoclonal antibodies against native prostasomes were found to be useful in 

structural and functional studies of prostasomes, it was feasible to use a range of similar 

antibodies in P S G studies (Jin et al, 1997; Nilsson et al, 1998; Nilsson et al, 1996). 

Therefore, the second approach used to determine the identity of the proteins in the PSGs 

was antibody screening. Using conventional one-dimensional western blotting, PSA, PAP, 

a prostasome-like protein, major basic protein, lactoferrin, sialosyl-tn-antigen and matrix 

metallothionein were detected in P S G extracts. Detection of these proteins was not 

surprising as most have been visualised previously in human prostate tissues (Hashimoto et 

al, 1997; Ljung et al, 1997; Montironi et al, 2000; Reese et al, 1992; Sinha et al, 1998; 

Upadhyay et al, 1999). 

PSA and PAP immunostaining was performed initially to confirm the presence of PSGs 

(Cohen et al, 1998). Previous immunohistochemical studies using the anti-prostasome 

antibody detected this protein in both nonmalignant and malignant epithelium (Nilsson et 

al, 1999; Nilsson et al, 1998; Nilsson et al, 1996). The presence of this protein in PSGs 

containing protein fractions indicates that either prostasomes are present in the P S G 
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containing protein fractions or PSGs and prostasomes share common proteins. Currently, 

analysis of the major basic protein of the prostate has not been reported. However, due to 

the eosinophilic nature of this protein in conjunction with the apparent eosinophilic nature 

of PSGs, it was speculated that the major basic protein may be an important constituent of 

PSGs (Cohen et al, 1998; Cohen et al, 2000b). Detection of this protein in P S G 

containing protein fractions provides evidence that the major basic protein may explain the 

strongly eosinophilic nature of the PSGs although further immunohistochemical analysis is 

required. 

Proteoglycans are abundantly and ubiquitously distributed macromolecules that contain a 

core protein to which side chain glycosaminoglycans (GAGs) are attached covalently. 

Proteoglycans are involved in both normal and neoplastic growth by participating in cell to 

cell and cell to matrix adhesion, cell migration and proliferation and in regulating growth 

factor activities (Iozzo, 1984; Ruoslahti & Yamaguchi, 1991; Wight et al, 1992). A 

significant component of the PSGs is a strongly cationic glycosaminoglycan, K S (Cohen et 

al, 2000a). Original reports suggested that it was likely that K S is a member of the 'class 2 

or 3' small leucine rich proteoglycans (SLRP), which include lumican and keratocan and 

contain a core protein of 38 - 44 k D (Iozzo, 1998; Iozzo, 1999). Immunolocalisation of K S 

to the PSGs identifies this proteoglycan as one of the contributors to the high content of 

sulphur found in prostatic secretory products (Cohen et al, 1998; Cohen et al, 2000a) and 

corpora amylacea (Del Rosario et al, 1993). 

To determine the identity of the KS core protein, this gylcosylated protein was digested 

with a range of glycosidases and resolved using 2 D G E . The core protein was identified as 

lumican using mass spectrometry and this result was further confirmed using conventional 

one-dimensional western blotting. This is the first report of lumican expression in human 

prostate tissues. 

Alterations in the GAG content has been studied in various tumours (Iozzo et al, 1981; 

Nakamura & Kojima, 1981; Sampio et al, 1977; Takeuchi et al, 1976a; Takeuchi et al, 

1976b; Takeuchi et al, 1975) and prostatic G A G levels have also been shown to vary (De 

Klerk, 1983; D e Klerk et al, 1984; Kofoed et al, 1990). Until recently, chondroitin 4-

sulphate, chondroitin 6-sulphate, chondroitin, dermatan sulphate, heparan sulphate, 
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versican, decorin and hyaluronic acid were the only G A G s to be detected in human 

prostate tissues (Bostwick, 1995; DeKIerk, 1983; Iida et al, 1997; Ricciardelli et al, 

1998). Although not invariable, epithelial tumours are generally associated with increased 

levels of chondroitin sulphate and hyaluronic acid and decreased levels of dermatan 

sulphate and heparan sulphate (De Klerk, 1983; D e Klerk et al, 1984) 

KS proteoglycans have not been identified previously in prostatic stroma but have been 

detected in the stroma of the uterine cervix and may be related to fertility (Fischer et al, 

1996). Despite this, the role of proteoglycans in PSGs with their high sugar content is yet 

to be determined. High sugar secretion is not unique to the prostate in the male genital tract 

as seminal vesicle secretions contain high levels of protein bound fructose residues. It is 

likely that these have a stabilising effect on prostatic protease enzymes in a similar way to 

mast cell glycosaminoglycans including heparan sulphate which bind and inhibit proteases 

involved in blood coagulation (Cohen et al, 2000b). 

A recent study investigating the expression of lumican in breast tumour tissues concluded 

that lumican is an abundant proteoglycan in breast tumours in comparison to decorin, 

biglycan and fibromodulin (Leyue et al, 2000). In addition, the expression of lumican 

appeared to be reduced during breast tumorigenesis (Leyue et al, 2000). While the 

expression of lumican is yet to be elucidated in human prostate tissues, lumican may have 

a role as a marker of malignant transformation in view of the reduced expression of this 

proteoglycan in breast cancers. 

As the transport and secretion of KS and therefore lumican in transformed and androgen 

deprived prostate cells differs from those of normal tissues (Cohen et al, 2000a), analysis 

of prostatic K S and lumican may prove an invaluable tool, which, together with PSA, may 

improve both early detection of prostate cancer in men with B P H and follow-up of 

androgen-ablated disease. The loss of K S and lumican in conjunction with PSGs in 

malignant transformation may also constitute important cellular events in prostatic 

carcinogenesis. 

Preparation of a manuscript describing this work is in progress at the time of writing this 

thesis. 



APPENDIX 2 



B U F F E R S A N D S O L U T I O N S 

1.1% (v/v) A C E T I C ACID SOLUTION 

10 m L Acetic acid 
The acetic acid was made to a final volume of 
1 L with sterile ddH20 and stored at room 
temperature. 

2. 7% (v/v) ACETIC ACID SOLUTION 

70 m L Acetic acid 
The acetic acid was made to a final volume of 
1 L with sterile ddH20 and stored at room 
temperature. 

3. 10% (v/v) ACETIC ACID SOLUTION 

100 m L Acetic acid 
The acetic acid was made to a final volume of 
1 L with sterile ddH20 and stored at room 
temperature. 

4. AGAROSE EMBEDDING SOLUTION 

0.5 g Agarose 
Agarose was mixed in 100 m L SDS-PAGE 
running buffer34 by gentle inversion. A few 
grains of bromophenol blue were added and the 
solution was stored in the dark at room 
temperature. 

5. ALCIAN BLUE STAIN 

0.25 g Alcian Blue 
250 m L Ethanol 
100 m L Acetic Acid 
Alcian blue was thoroughly dissolved in the 
ethanol and acetic acid. The suspension was 
then made to a final volume of 1 L with sterile 
ddH20 and stored at room temperature in the 
dark. 

6. ALCIAN BLUE DESTAIN 

250 m L Ethanol 
100 m L Acetic acid 
The ethanol and acetic acid were mixed and 
made to a final volume of 1 L with sterile 
ddH20. 

7. AMMONIUM PERSULPHATE 

100 mg Ammonium persulphate 
Ammonium persulphate was made fresh daily 
by dissolving in 1 m L sterile ddH20 and stored 
at room temperature. 

8. 5 % (w/v) B L O T T O 

5 g Skim milk powder 
100 m L TBST44 

Skim milk powder was dissolved in TBST44. 
The solution was made fresh daily and mixed 
immediately prior to use. 

9. lOx CITRIC ACID BUFFER 

21 g Citrate 
Citrate was dissolved in 1L sterile ddH20. 
Final pH was adjusted to pH 6.0 with NaOH. 
Working buffer (0.01M) was prepared fresh 
daily by diluting 1 part lOx concentrate citric 
acid with 9 parts sterile ddH20. 

10. COLLOIDAL COOMASSIE BLUE STAIN 

170 g Ammonium sulphate 
36 m L 85% Phosphoric acid solution 
1 g Coomassie Blue G-250 
340 m L Methanol 
Ammonium sulphate, methanol and phosphoric 
acid were mixed vigorously at 40°C until 
completely dissolved. Coomassie G-250 was 
then added in a fume hood and the solution 
was made up to 1 L with sterile ddH20. In 
order to retain the colloidal dye particles, this 
solution was not filtered. 

11. COMMERCIALLY PRODUCED REHYDRATION 

BUFFER (AMERSHAM) 

12 g Urea 
0.5 g CHAPS 
125 uL Carrier ampholytes 
0.01 g Bromophenol blue 
CHAPS, bromophenol blue and urea were 
dissolved with the ampholytes in 25 m L sterile 
ddH20. Carrier ampholytes were chosen based 
on the pH range of the IPG strips used in each 
experiment. Two and a half m L aliquots were 
dispensed and stored at -20°C. Immediately 
prior to use, 7mg D T T was added to each 
aliquot of rehydration stock. 

12. 5 M COPPER SULPHATE 

312.1 g Copper sulphate 
Copper sulphate was dissolved in 250 m L 
sterile ddH20 and stored at 4°C. 



13. ECL DETECTION SOLUTION 

Equal quantities of Solution A and Solution B 
(supplied with the kit) were mixed immediately 
prior to use. 

14. IPX EDTA BUFFER 
5.0 g EDTA 
2.5 g Tris 
3.2 g Sodium Citrate 
EDTA, Tris and sodium citrate were dissolved 
in 1L sterile ddH20. Final pH was adjusted to 
pH 8.0. Working buffer (0.01M) was prepared 
fresh daily by diluting 1 part lOx concentrate 
EDTA with 9 parts sterile ddH20. 

15. EQUILIBRATION BUFFER 
36 g Urea 
2g SDS 
20 m L 1.5 M Tris pH8.841 

40 m L 50% Glycerol17 

2g DTT 
10 m L 30% Acrylamide solution 
All reagents were mixed to a final volume of 
100 m L with sterile ddH20 except the DTT 
(which was added immediately before use). 
The solution was prepared fresh before each 
experiment. 

16. GEL DRYING SOLUTION 
400 m L Methanol 
100 m L Glycerol 
75 m L Acetic acid 
Methanol, glycerol and acetic acid were mixed 
with 425 m L sterile ddH20 by gentle inversion 
and stored at room temperature. 

17. 50% GLYCEROL 

100 m L Glycerol 
Glycerol was mixed with 100 m L sterile 
ddH20 by gentle inversion and was stored at 

4°C. 

18. 7.5% (V/v) H,Q7 
2.5 m L 30% H202 stock 
H202 stock was diluted with 8 m L sterile 
ddH20 by gentle inversion. Solution was 

prepared fresh daily. 

19. IEF ANODE BUFFER 

4.2 m L Phosphoric acid 
Phosphoric acid was diluted in 1 L sterile 
ddH20, mixed gently in a fume hood and 

stored at 4°C. 

20. IEF C A T H O D E BUFFER 

14.5 g Lysine (freebase) 
17.42 g Arginine (freebase) 
Arginine and lysine were dissolved in 1 L 
sterile ddH20 and the buffer was stored at 4°C. 

21. IEF DESTAINING SOLUTION 
400 m L Methanol 
100 m L Acetic acid 
Methanol and acetic acid were mixed with 500 
m L sterile ddH20 by gentle inversion. 

22. IEF SAMPLE BUFFER 
2 m L Glycerol 
Glycerol was mixed with 2 m L sterile ddH20 

and stored in 10 uL aliquots at -20°C. 

23. IEF STAINING SOLUTION 
270 m L Isopropanol 
100 m L Acetic acid 
0.4 g Coomassie Blue R-250 
0.5 g Crocein scarlet 
Coomassie Blue R-250 and crocein scarlet 
were mixed with isopropanol and acetic acid in 
a fume hood by gentle inversion. Once 
homogeneous, the solution was made up to 1 L 
with 630 m L sterile ddH20 and stored in the 
dark at room temperature. 

24. IPG REHYDRATION SOLUTION 
24 g Urea 
250 mg CHAPS 
80 mg DTT 
50 uL 1 % stock of Orange G dye 
CHAPS, DTT and urea were dissolved in 40 
mL sterile ddH20 and the mixture was made 
up to a final volume of 50 mL. The solution 
was made fresh per H°G run and was mixed 
immediately before use. 

25. 50% (v/v) METHANOL 

500 m L Methanol 
Methanol was made to a final volume of 1 L 
with sterile ddH20 and stored at room 
temperature. 



26. MULTIPLE SURFACTANT SOLUTION 

1.5 g Dry urea 
760 mg Thiourea 
80 mg DTT 

100 mg CHAPS 

100 mg Sulphobetaine 3-10 

25 uL Carrier ampholytes 
24.2 mg Tris 

5 uL 1 % stock of Orange G dye 
CHAPS, DTT, thiourea, sulphobetaine and Tris 
were dissolved with the urea in sterile ddH20. 
The ampholytes and orange G were then added 
and the mixture was made to a final volume of 
5 m L with sterile ddH20. Carrier ampholytes 
were chosen based on the pH range of the IPG 
strips used in each experiment. One mL 
aliquots were dispensed and stored at -80°C. 

27. 4 M SODIUM CHLORIDE 

233.76 g NaCl 
NaCl was dissolved in 1 L sterile ddH20, 
mixed gently and stored at room temperature. 

28. 7% (v/v) PERIODIC ACID 

7 m L Periodic acid 
10 m L Methanol 
Periodic acid was mixed with methanol and 
made to a final volume of 100 mL with sterile 
ddH20. The stain was stored in the dark at 4°C. 

29. PONCEAU S STAIN 

0.1 g Ponceau S 
1 m L Acetic acid 
Ponceau S was mixed with acetic acid and 
made to a final volume of 100 mL with sterile 
ddH20. The stain was stored in the dark at 
room temperature. 

30. 10% (w/v) SODIUM DODECYL SULPHATE 

10 g SDS 
SDS was dissolved in 100 m L of sterile ddH20 
by gentle inversion in a fume hood and stored 
at room temperature. 

31. SDS-PAGE SEPARATING GEL FORMULAE 

Reagent 

ddH20 
1.5MTris-HClpH8.841 

10% SDS30 

Acrylamide/Bis (30% stock) 
10% Ammonium persulphate7 

TEMED 

Total 

10% 
4mL 
2.5 mL 
100 uL 
3.3 mL 
50 uL 
5uL 
10 mL 

32. SDS-PAGE STACKING G E L F O R M U L A 

Reagent 

ddH20 
0.5 M Tris-HCl pH 6.843 

10% SDS30 

Acrylamide/Bis (30% stock) 
10% Ammonium persulphate7 

TEMED 
Total 

4% 
6.1 mL 
2.5 mL 
100 uL 
1.3 mL 
50 uL 
10 uL 
10 mL 

12% 
3.35 mL 
2.5 mL 
100 uL 
4.0 mL 
50 uL 
5uL 
10 mL 

16% 
2mL 
2.5 mL 
100 uL 
5.3 mL 
50 uL 
5 uL 
10 mL 

Reagents were gently mixed immediately prior to use. Ammonium persulphate and TEMED were 

added last to initiate polymerisation. 



33. 2x SDS-PAGE LOADING BUFFER 
2.5 mL SDS-PAGE running buffer34 

4.0 mL 10% SDS30 

1.5 mL Glycerol 
200 m M DTT 
0.2 mg Bromophenol blue 
Running buffer, SDS, glycerol and 
bromophenol blue were mixed in a fume hood 
and made to a final volume of 10 mL with 
sterile ddH20. 160 uL aliquots were dispensed 
and stored at -20°C. 308 mg DTT was 
dissolved in 2 m L sterile ddH20. The 

suspension was dispensed into 50 uL aliquots 
and stored at -20°C. Immediately prior to use, 

160 uL loading buffer was mixed with 50 uL 
DTT. 

34. 5X SDS-PAGE RUNNING BUFFER 
15 g Tris 
72 g Glycine 
5g SDS 
Tris, glycine and SDS were dissolved in 750 
mL sterile ddH20 in a fume hood by gentle 
mixing and then made to a final volume of 1 L. 
SDS-PAGE running buffer (lx) was prepared 
by diluting 90 m L 5X SDS-PAGE running 
buffer with 360 m L sterile ddH20. 

35. SOLUTION A (40 MM TRIS) 

96.8 mg Tris 
Tris was dissolved in sterile ddH20 by gentle 
inversion, adjusted to pH 8.0 with HC1 and 
made to a final volume of 20 mL. The solution 
was filter sterilised and stored at -20°C in 1 mL 
aliquots. Immediately prior to use, an anti-
protease complete tablet was added per 1 mL 
of solution A. Anti-protease tablets contained 
0.02 mg/mL anti-pancrease extract, 0.005 
mg/mL anti-pronase, 0.0005 mg/mL anti-
thermolysin, 0.0015 mg/mL anti-chymotrypsin 
and 0.33 mg/mL anti-papain. 

36. SOLUTION B (STANDARD SOLUBILISATION 

BUFFER) 

24 g Dry urea 
770 mg DTT 
2 g CHAPS 

250 uL Carrier ampholytes 
242 mg Tris 

50 uL 1 % stock of Orange G dye 
CHAPS, DTT and Tris were dissolved with the 
urea in sterile ddH20. The ampholytes and 
orange G were then added and the mixture was 
made to a final volume of 50 mL with sterile 
ddH20. Carrier ampholytes were chosen based 
on the pH range of the D°G strips used in each 
experiment. One mL aliquots were dispensed 
and stored at -80°C. 

37. SOLUTION C (MULTIPLE CHAOTROPE 

SOLUBILISATION SOLUTION) 

2.1 g Dry urea 
760 mg Thiourea 
80 mg DTT 
200 mg CHAPS 

25 uL Carrier ampholytes 
24.2 mg Tris 

5 uL 1 % stock of Orange G dye 
CHAPS, DTT, thiourea and Tris were 
dissolved with the urea in sterile ddH20. The 
ampholytes and orange G were then added and 
the mixture was made to a final volume of 5 
mL with sterile ddH20. Carrier ampholytes 
were chosen based on the pH range of the B°G 
strips used in each experiment. One mL 
aliquots were dispensed and stored at -80°C. 

38. STRIPPING SOLUTION 

140 uL P mercaptoethanol 
4 m L 10% SDS30 

2.5 m L 0.5 M Tris pH6.843 

P mercaptoethanol, SDS and Tris were mixed 
gently in a fume hood and made to a final 
volume of 20 m L using sterile ddH20. 
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39. SUCROSE (50 m M ) 

17.12 g Sucrose 

Sucrose was dissolved in 1 L sterile ddH20 and 
stored at 4°C. 

40. 60% (w/v) SUCROSE 

120g Sucrose 
20ml 10 m M Tris-phosphate pH7.445 

Sucrose was dissolved in Tris-phosphate, made 
to a final volume of 200 m L with sterile ddH20 
and stored at 4°C. 

41. 1.5 M TRIS PH 8.8 

182.1 g Tris 
Tris was dissolved in 750 m L sterile ddH20 by 
gentle inversion, buffered to pH 8.8 with 
NaOH and made to a final volume of 1 L with 
sterile ddH20. The solution was filter sterilised 
and stored at 4°C. 

42. 1M TRIS PH 7.4 

121.14 g Tris 
Tris was dissolved in 750 m L sterile ddH20 by 
gentle inversion, buffered to pH 8.8 with 
NaOH and made to a final volume of 1 L with 
sterile ddH20. The solution was filter sterilised 
and stored at 4°C. 

46. TOLUIDINE BLUE 
O.lg Toluidine blue 
1 m L Acetic acid 
The toluidine blue was mixed with acetic acid 
and the solution was made to a final volume of 
100 m L with sterile ddH20. The stain was 
stored in the dark at room temperature. 

47. TOLUIDINE BLUE WASH SOLUTION 

50 m L Methanol 
70 m L Acetic acid 
Methanol and acetic acid were mixed gently in 
a fume hood, made to a final volume of 1 L 
with sterile ddH20 and stored at room 
temperature. 

48. WESTERN BLOT TRANSFER BUFFER 
3.03 g Tris 
14.4 g Glycine 
200 mL Methanol 
0.2 g SDS 
Tris, glycine and SDS were dissolved in 
methanol in a fume hood by gentle mixing then 
made to a final volume of 1 L with sterile 
ddH20 and was stored at room temperature. 

43. 0.5 M TRIS PH 6.8 
60.7 g Tris 
Tris was dissolved in 750 m L sterile ddH20 by 
gentle inversion, buffered to pH 6.8 with HC1 
and made to a final volume of 1 L with sterile 
ddH20. The solution was diluted when 
necessary, filter sterilised and stored at 4°C. 

1 M Tris pH 7.4 
T27 

42 
44. TRIS BUFFERED SALINE (TBS) 
25 m L 
18.75 m L 4 M NaCIz 

Tris and NaCl solutions were mixed and made 
to a final volume of 500 m L with sterile 
ddH20. One m L of Tween 20 was added per 
500 m L TBS for the preparation of TBST. The 
solution was filter sterilised and stored at 4°C. 

45. TRIS-PHOSPHATE (10 m M ) 

6.055g Tris 
Tris was dissolved in 400 m L sterile ddH20, 
buffered to a pH of 7.4 using 0.1M H3P04 and 
made to a final volume of 500 m L with sterile 
ddH20. The solution was filter sterilised and 

stored at 4°C. 


