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PROSTASOMES: A ROLE IN PROSTATIC DISEASE? 

By Alistair Bryce Stewart 

Prostasomes are vesicles secreted by the prostate into the prostatic ductal system where 
they form part of the ejaculate. Prostasomes contain numerous proteins, the functions of 
which are diverse and allow us to speculate on the biological effects of the prostasome. 

Although known to possess specific biological properties, much of their physiological 
role and overall significance remains debatable. More evidence exists for their 
involvement in reproductive physiology than prostate disease. 

This thesis reports the start of work to identify whether or not prostasomes have a role in 
the aetiology or progression of benign and malignant prostate disease. The initiation of 
reliable isolation of prostasomes for use in future prostasome related research within the 
department is reported. Part of this process involved a review various biochemical and 
morphological properties. 

Anti-prostasome antibodies (AP A) have been identified in serum of patients with 
prostate cancer and have been proposed as a new marker for metastatic disease (Nilsson 
BO 2001, Larsson A 2006). Due to the impact of this possibility a pilot study for AP A in 
prostate cancer using an enzyme linked immunosorbent assay (ELISA) was performed. 

Anti-prostasome antibodies in varying amounts were present in healthy individuals and 
in men with prostate cancer. Higher levels were inversely and significantly associated 
with prostate specific antigen (PSA). Trends, but no significant relationship between 
AP A levels and other parameters such as age, time since diagnosis, metastatic status, 
Gleason histological score and hormonal treatment were noted. 

The presence of APA does not appear, from this small series, to be a strong prognostic 
indictor for prostate cancer. However, the immune reactions to prostasomes are in any 
case of considerable interest both in the biology of prostate cancer and in the fertility 
context. Work initiated from this thesis continues in the department. 
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1.1 Embryology of the prostate 

In the embryo, the Wolffian ducts, under the influence of testosterone, develop into the 

accessory male sex organs, namely the seminal vesicles, ejaculatory ducts and the 

bulbourethral glands. The prostate gland develops from the urogenital sinus in the 3 rd 

foetal month. Its growth is controlled by dihydrotestosterone (DHT) derived from foetal 

testosterone under the action of 5 a-reductase. Five paired buds arise from the urogenital 

sinus on either side of the verumontanum and go on to form the prostate gland. The top 

pair of buds are mesodermal in origin and form the inner part of the prostate and the 4 

lower pairs are endodermal in origin and form the outer part of the prostate gland. This 

may be of some importance as benign prostatic hyperplasia (BPH) affects the inner, 

mesodermal part of the prostate, whereas the vast majority of cancers arise from the 

outer, endodermal part. The inner and outer parts form concentric layers around the 

urethra as the prostate develops. Acini and collecting ducts form within the prostate and 

open into the urethra. Testosterone and its active metabolite DHT are essential for 

prostate organogenesis. The induction ofDHT is thought to be linked to multiple growth 

factor systems including epidermal growth factor (EGF), fibroblast growth factor (FGF) 

and insulin-like growth factor (IGF). 

1.2 The prostate gland: Gross anatomy and histology 

Histologically the prostate gland consists of acini of various shapes and sizes embedded 

in a fibromuscular stroma. (A mixture of smooth muscle and connective tissue). 

Macroscopically the prostate gland resembles a compressed inverted cone, lying beneath 

the bladder and surrounding the proximal urethra. (Figures 1.1 & 1.2). It is a solid organ 

weighing up to 20 grams in the normal young adult male and measures approximately 

3cm from apex to base, and 3.5cm across the base in the adult male. It is composed of 

complex glandular elements buried in a dense fibromuscular stroma which is directly 

continuous with the smooth muscle of the neck of the bladder. The prostate lies behind 

the pubis, separated from it by the pubo-prostatic ligaments, fibro-fatty tissue and blood 

vessels. Flattened in its antero-posterior dimension, it extends from the bladder neck to 

the urogenital diaphragm, lying apex downwards and base upward abutting against the 
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bladder and seminal vesicles and surrounding the prostatic part of the urethra, which 

pierces it asymmetrically. 

The prostatic urethra emerges from the apex (the lowest part of the gland) to become the 

membranous urethra which is surrounded by the sphincter urethrae, better known 

clinically as the external urethral sphincter. The ejaculatory ducts pierce the posterior 

surface of the prostate just below the bladder and pass through the gland to open into the 

mid part of the prostatic urethra. The urethral crest projects from the posterior wall of the 

prostatic urethra into its lumen. At the midpoint of the urethral crest the verumontanum 

forms a midline rounded eminence with the prostatic utricle (a small recess) in the 

middle. The prostatic utricle represents the fused ends of the paramesonephric ducts. 

Either side of the utricle open the ejaculatory ducts. The proximal prostatic urethra is 

surrounded by smooth muscle which contracts during ejaculation to prevent retrograde 

passage of semen into the bladder. 

The ductus deferens is a continuation of the epidymis testis. The part lying posterior to 

the prostate is dilated and known as the ampulla. The ampulla stores spermatozoa but 

itself makes only a very minor contribution to seminal fluid. The ampullae lie parallel 

and medial to the seminal vesicles with which they fuse caudally to form the ejaculatory 

duct which passes through the prostate to open on the verumontanum. 

The prostate gland comprises three distinct morphological regions or zones with 

functional and pathological significance: the central (CZ), transition (TZ), peripheral 

zones (PZ) and anterior fibromuscular stroma (McNeal 1988 &1990) (Figure 1.3). The 

peripheral zone occupies about 75 % of the total prostate volume and is the commonest 

site to develop adenocarcinoma of the prostate and prostatic intraepithelial neoplasia 

(PIN), both of which arise from the peripheral ducts and acini (McNeal 1969). The 

peripheral zone is the area most readily sampled by trans-rectal prostate biopsy. The 

central zone makes up 25% of the prostate volume, and closely resembles the seminal 

vesicles in histology and architecture. Carcinoma arising from the CZ is rare. The 

transitional zone usually accounts for less than 5% of the prostate gland but is the main 
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site of origin for benign prostatic hyperplasia (BPH) and around 20% of prostate cancers. 

The anterior fibromuscular stroma forms a thick sheet over the anterior part of the 

prostate and is completely devoid of any glandular elements. In clinical practice it is very 

difficult to delineate the three zones histologically in the normal prostate. 

Figure 1.1 Prostate anatomy (Coronal section) 
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Figure 1.2 Prostate anatomy (Sagittal section) 
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Figure 1.3 Zonal anatomy of the prostate 
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1.3 Prostate cell types 

1.3.1 Epithelial cells 

Human prostate epithelium is composed of three common cell types (Figure 1.4). 

Secretory (luminal) cells are differentiated, androgen-dependent and produce prostatic 

secretions. They are tall columnar or cuboidal cells with pale foamy cytoplasm and basal 

pale-staining nuclei. These terminally differentiated cells are easily recognised by the 

presence of abundant secretory granules. These cells stain positive for prostate specific 

antigen (PSA), acid phosphatase and other enzymes such as leucine amino peptidase. 

With androgen deprivation, these secretory cells decrease in number by 90%, become 

cuboidal and shrink by 80% in volume and 60% in height (Denmeade 1996). 

Basal cells are scanty, flat cells with small dark-staining nuclei, forming a continuous cell 

layer located between the secretory cells and the basement membrane, which they lie in 

contact with. Basal cells are thought to be pleuripotent, thus able to give rise to all 

epithelial lineages in normal, hyperplastic and neoplastic prostates (Bonkhoff 1994). 

They are not secretory and express the anti-apoptotic gene Bcl-2 and free-radical 

scavenger glutathione s-transferase pi (Gst-n), factors that protect them from 

deoxyribonucleic acid (DNA) damage. This is consistent with the possible stem cell 

function for basal cells. They have a distinct profile of cytokeratin expression: basal cells 

express cytokeratins 5, 14 and 18, whereas luminal secretory cells express cytokeratins 8 

and 18 and 19 (Sherwood 1991). 

Neuroendocrine (NE) cells of the prostate are intraepithelial regulatory cells. They are 

found in all zones of the prostate gland, but most abundantly in the periurethral and 

ductal regions (Cohen 1993), where they are located amongst the luminal and basal cells 

(Abrahamsson 1993). They are androgen-independent cells that express chromogranin A, 

serotonin and various neuropeptides and are thought to provide paracrine signals that 

support luminal cell proliferation (Abrahamsson 1999). In the normal prostate, NE cells 

make up by far the minority of epithelial cells. This picture changes in prostate cancer, 

with an accumulation ofNE-like cells amongst foci of cancer. This is referred to as NE 
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differentiation (NED) (di Sant' Agnese 1992) and is generally associated with disease 

progression (Abrahams son 1998, Cussenot 1998). The exact role of neuroendocrine cells 

in the prostate remains unknown, however it is hypothesised that they regulate growth 

and differentiation as well as exocrine secretory activity through various paracrine and 

endocrine mechanisms (di Sant' Agnese 1998). 

1.3.2 Stromal cells 

The stromal compartment consists of a variety of cells, including fibroblasts, vascular and 

lymphatic endothelial cells, smooth muscle cells, neuroendocrine cells and axons 

(Mawhinney 1989). Smooth muscle cells are located around the acini and prostate 

capsule. They are believed to be involved in the mechanical secretion of ejaculate 

following neuronal stimulation. In the stroma that surrounds the distal segments of the 

ducts, a single layer of smooth muscle surrounds the epithelial cells whereas four to five 

layers of smooth muscle surround cells of the proximal ductal region (Griffiths 1994). 

Fibroblasts are evenly distributed throughout the stroma of the ductal system and can be 

distinguished by immunostaining (vimentin positive and actin negative) whereas the 

reverse is observed for smooth muscle cells (Lee 1996). 

The tissue matrix is a biological scaffold that forms an interacting framework between 

many components including the extracellular matrix, cytoskeleton and nuclear matrix. It 

forms an interface with the stromal compartment and is thought to play an integral role in 

the epithelial-stromal interactions that are required for normal prostatic development. 

Connected via integrin receptors, epithelial cells rest on the basement lamina or 

membrane which surrounds the acini. The basement membrane is composed of a complex 

meshwork of collagen types IV and V, glycosoaminoglycans, complex polysaccharides 

and glycolipids. Inside the cells the cytomatrix or cytoskeleton network, formed from a 

meshwork of microtubules, actin micro filaments and intermediate filaments, binds 

directly to the nuclear matrix which is in connection with the cellular DNA. This allows 

the cells of the prostate to have direct structural linkages with one another via the 

cytoskeletal-nuclear matrices from the DNA to the plasma membrane. 
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Figure 1.4 Prostate cell types. Diagram showing the arrangement of prostate cells in a 

prostatic duct, with specific markers for each cell type (Adapted from Marker 2003). 
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1.4 Endocrinology of the prostate 
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Prostate development, growth and homeostasis are regulated by dihydrotestosterone 

(DHT), the active metabolite of testosterone. The majority of testosterone is produced 

directly from Leydig cells in the testes (figure 1.5), with a small amount produced 

indirectly from the conversion of adrenal androgens to testosterone. Testosterone is 

essential for prostate growth. Removal of circulating androgens induces prostate 

involution. 
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Testosterone release is controlled by the hypothalamic pituitary axis. Luteinising 

hormone releasing hormone (LHRH) from the hypothalamus causes release of 

Luteinising hormone (LH) from the pituitary gland. This is released into the systemic 

circulation and causes the Leydig cells in the testes to release testosterone. The majority 

(98%) of circulating testosterone is bound to plasma proteins. Approximately 60% of the 

bound testosterone is bound to sex hormone binding globulin and the other 40% to 

albumin. 

Testosterone is converted to DHT in the prostate cells by the nuclear membrane 

associated enzyme 5a-reductase. There are 2 isoforms of 5 a-reductase (Type I and II), 

with type II being the predominant isoform in the prostate. This conversion to DHT is 

necessary for normal prostatic and sexual development, which is illustrated by the rare 

occurrence of males with 5a-reductase deficiency. This is a sex linked autosomal 

recessive condition that leads to ambiguous genitalia and pseudohermaphroditism 

(Andersson 1991). DHT has a 10 fold higher affinity for the AR and is twice as potent as 

testosterone. 
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Figure 1.5 Androgen physiology. Secretion by the testicular leydig cells is stimulated by 

the pulsatile release of luteinising hormone (LH) from the anterior pituitary. LH release is 

stimulated by hypothalamic LHRH whose secretion in turn is controlled by negative 

feedback responsive to serum testosterone concentration. Adrenal androgens, 

androstenedione and dehydroepiandrosterone are under pituitary control. Through 

adrenocorticotropic hormone (ACTH), they are metabolized to testosterone and 

dihydrotestosterone (DHT) accounting for approximately 10% of total androgen 

concentrations within the prostate. 
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1.5 Prostatic secretion 

The prostate provides approximately 30% of the volume of seminal fluid. Prostatic 

secretion is a slightly acidic liquid that depends on the synthesising activity of prostatic 

epithelial cells and translation from blood serum. (Zaneveld et al 1981). Prostatic 

epithelial cells contain an abundance of rough endoplasmic reticulum and golgi apparatus 

that synthesise and store specific intracellular components that become secreted into the 

prostatic ductal lumen. (Ronquist et aI1985). Human prostatic secretion is rich in 

monovalent and divalent cations such as sodium, potassium, calcium, magnesium and 

zinc. It also contains citric acid and many enzymes. (Zaneveld et aI1981). Prostatic 

secretion contains high concentrations of the glycoprotein prostate specific antigen 

(PSA). This is a powerful protease which aids semen liquefaction after ejaculation by 

degrading seminogelin, thus freeing spermatozoa to migrate within the female genital 

tract. (Lilja H et aI1984). Prostatic epithelial cells also secrete prostasomes which will be 

described in detail later. 

Prostatic fluid and prostasomes are excreted during ejaculation although prostatic 

secretion into the acinar lumen is a continuous process. (Isacs JT 1983). Prostatic fluid 

comprises approximately 30% of the ejaculate volume. The seminal vesicles produce up 

to 66% of the ejaculated volume. Seminal secretion is rich in basic proteins and 

prostaglandins. (Eliason E 1968). Spermatozoa, epididymal, ampullary and Cowpers 

gland secretion account for only 5% of the total ejaculate volume. (Zaneveld 1981). 

During ejaculation prostatic fluid with spermatozoa, ampullary, epididymal and Cowpers 

secretions is excreted first, followed by the seminal vesicle contibution. This does make it 

possible to study the different components of semen by splitting the ejaculate into initial 

and terminal parts. (Tauber et aI1975). 

Stimulated prostatic secretion obtained from ejaculation has a slightly different 

composition to resting prostatic fluid. (Obtained from prostatic massage). (Gutman 

1941). It contains for example an increased concentration of acid phosphatase. 
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1.6 Benign prostatic hyperplasia 

BPH is one of the commonest disease processes affecting the ageing male. BPH has no 

distinct definition, but encompasses a group of disorders whose symptoms include 

prostatic enlargement, histological hyperplasia, symptoms of the lower urinary tract or 

urinary obstruction. 

BPH occurs exclusively in the transition zone and periurethral gland of the prostate. Both 

microscopic and clinical BPH have been shown to arise from histologically similar 

tissues. The first signs of BPH are the presence of microscopic nodules of fibromuscular 

hyperplasia consisting of variable proportions of glandular epithelium, smooth muscle 

and fibrous tissue (Figure 1.6) (Berry 1984). The majority ofBPH stroma is connective 

tissue, approximately 50%, the remainder is smooth muscle (25%) and epithelium (25%) 

(Shapiro 1992). 

Microscopic BPH can be found in males at a young age (25-30 years old) while clinical 

BPH is identifiable at later ages with an incidence of approximately 25% at 85 years of 

age (Oesterling 1996). The incidence of prostate cancer and BPH increases with age and 

both diseases are androgen-associated conditions. The only proven risk factors for 

developing BPH are ageing and the presence of functional testes (Glynn 1985). There are 

no reported differences in the incidence of BPH between different countries. 

The aetiology of BPH remains largely unknown, however it is considered to arise due to 

stromal-epithelial interactions. Indeed, in BPH the stromal:epithelial ratio increases 

(Bartsch 1979). Normally it is within the region of2:1, but can increase to 3 or 4:1 in 

BPH. Whether androgens have a causative role in the development of BPH is debatable. 

There is no doubt that androgens have a permissive role in BPH. For example, men 

castrated prior to puberty do not develop BPH. 

The 'gold standard' surgical treatment for BPH is TURP (Trans-Urethral Resection of the 

Prostate), although pharmaceutical blockade using alpha-blockers and or 5 alpha­

reductase inhibitors is now an acceptable alternative in uncomplicated disease. 

(McConnell 2003). 
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Figure 1.6 Microscopic appearance of BPH 

Microscopic appearance of nodular prostatic hyperplasia at medium power (x200). 

The columnar arrangement of cells near the gland lumina is preserved. 

(Image from The internet Pathology Laboratory for Medical Education: http: //www­

medlib .med. utah. edulWebPathlwebpath.html). 
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1.7 Pre-malignant lesions of the prostate 

Prostatic intraepithelial neoplasia (PIN) was first described as a pre-malignant condition 

of the prostate in 1986 by McNeal. PIN refers to the dysplastic changes in the prostatic 

ducts or acini that mimic cancer, with nuclear and nucleolar enlargement (Figure 1.7). 

PIN is distinguished from prostate cancer by the fact that it maintains an intact basal cell 

layer. PIN was originally described as grades 1-3, but is now termed low-grade PIN 

(grade 1) and high-grade PIN (grade 2-3). Low grade PIN is not reported by pathologists 

as it does not mean there is any increased risk of developing prostate cancer (Brawer 

1991). High grade PIN is held to be pre-malignant. The exact rate of progression of high 

grade PIN to invasive carcinoma is not known. However, high grade PIN at trans-rectal 

ultrasound (TRUSS) biopsy is associated with a 23% to 35% risk of prostate cancer at 

subsequent biopsy (Davidson 1995, O'Dowd 1999, Kronz 2001). The majority of high 

grade PIN is also found in the peripheral zone, the main site of prostate cancer. As PIN 

has no affect on serum PSA (Ronnette 1993), clinical monitoring of the disease is 

difficult and men with high grade PIN are therefore recommended to have a repeat 

biopsy. 

Figure 1.7 Prostatic intraepithelial neoplasia (PIN). 



1.8 Carcinoma of the prostate 

Prostate cancer is the most commonly diagnosed male malignancy in the European Union 

and the USA. In Europe more than 100,000 men are found to have prostate cancer and 

35,000 men die from the disease each year. (Greenlee 2001). Prostate cancer has become 

one of the leading causes of cancer related death in men. It is estimated that the lifetime 

risk of dying from prostate cancer is approximately 3%. Post-mortem studies suggest that 

a pathological diagnosis of the disease can be made in up to 30% of men over 50 years 

old and 70% of men over 80 (Dijkman 1996). 

Prostate cancer can be classified as: 

• Symptomatic or asymptomatic 

• Localised, locally invasive or metastatic 

• Histologically, poorly, moderately or well differentiated 

• Hormone sensitive or refractory 

Prostate cancer stage and grade combined with a patients age, co existing morbidity and 

treatment preference all need to be taken into consideration when evaluating prognosis 

and planning therapy. Current treatment options for prostate cancer include; 

• Watchful waiting! Active surveillance 

• Surgery 

o Radical prostatectomy 

o Transurethral resection of the prostate for relief of lower urinary tract 

symptoms 

• Radiotherapy 

o External beam 

o Brachytherapy 
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• Cryotherapy 

• High intensity focused ultrasound 

• Drug therapy 

• Palliative treatment 

Early localised prostate cancer is potentially curable by either radical prostatectomy or 

radiotherapy (external beam or internal seed brachytherapy). However, not all early 

prostate cancers progress or prove fatal, therefore a policy of active surveillance can be 

justified in selected cases. 

1.8.1 Epidemiology 

Prostate cancer is the second commonest cancer in men behind non-melanoma skin 

cancers. It is the second commonest cause of cancer related death behind lung cancer and 

its incidence is increasing (Woolf 1995, Boyle 1996). In the UK, 23,109 new cases of 

prostate cancer were reported in 2000, this figure has risen from 13,481 in 1990. This was 

the most commonly diagnosed cancer in men (excluding non-melanoma skin cancers) 

and accounted for approximately 25% of all new cancers diagnosed in men for the year 

2000. In England and Wales there were 8531 registered deaths from this disease in 1997, 

over 95 percent in men aged over 55 years (Office of National Statistics). In the USA, 

approximately 95,000 newly registered cases and 35,000 men die from the disease every 

year. Since 1985, the incidence of prostate cancer has risen by approximately 6% per 

annum, but recently this has levelled off and the incidence slightly reduced between 

1992-1995. 

1.8.2 Aetiology and risk factors 

1.8.2.1 Age 

Prostate cancer is predominantly a disease of the elderly. It is rare to find prostate cancer 

in men under the age of 50 and 75% of prostate cancer occurs in men over the age of 65. 
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1.8.2.2 Race 

In the USA, the incidence varies between different ethnic groups. The incidence is 

highest in African-American men (Table 1.1). 

Worldwide incidence and mortality from prostate cancer varies widely. It tends to be 

higher in western countries than developing countries. In Europe, there is a marked 

difference between north and south, with Norway having double the mortality of Spain 

(Landis 1999). Asian countries, in particular Japan and China, have the lowest incidence 

and mortality from prostate cancer (Landis 1999). 

Table 1.1 Incidence of prostate cancer, in different ethnic groups in the USA in 1992. 

Ethnic group 

African-American 

White-American 

Hispanic-American 

Asian-American 

1.8.2.3 Hereditary 

Prostate cancer incidence per 100,000 

250 

179 

104 

82 

Several studies have shown that men with first-degree relatives with prostate cancer have 

a significant increase in risk of developing prostate cancer. The risk increases with the 

number of affected first-degree relatives. With 1, 2 and 3 first degree relatives with 

prostate cancer, the increased risk of developing the disease is 2, 5 and 11 fold (Carter 

1993). This is also linked with age, in that the younger the relative with prostate cancer 

the higher the risk of developing the disease. It has been proposed that familial prostate 

cancer inheritance occurs in approximately 9% of prostate cancers but accounts for 43% 

of prostate cancers in men under the age of 55 (Carter 1992). 
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1.8.2.4 Environmental and occupational factors 

There is some evidence that the risk of developing prostate cancer may be increased by 

factors such as increased cadmium exposure and reduced ultraviolet light (sunlight) 

exposure. The latter probably being related to a possible protective effect of vitamin D. 

There was evidence that mortality from prostate cancer appeared to be increased among 

men living in urban areas where there is higher exposure to environmental pollutants 

such as automobile exhaust fumes, chemical fertilizers, cadmium and other industrial 

chemical carcinogens. It appears, from the available evidence, that the association 

between cadmium exposure and the risk of prostate cancer is weak (E1ghany 1990). 

Exposure to radioactivity may be significant in some cases. The risk of prostate cancer 

was reported to be significantly increased in men who were exposed to tritium, Cr51, 

Fe59, C060 or Zn65 over a 40-year period (Rooney C 1993). In this analysis the relative 

risk of developing prostate cancer appeared to increase with increasing level and duration 

of potential exposure to each of these radionuclides. 

1.8.2.5 Testosterone 

It is clear that androgen is required for normal development and growth of the prostate 

gland. Androgen also plays a significant role in prostate carcinogenesis. Androgen 

ablation therapy is the treatment of choice for men with advanced/metastatic prostate 

cancer. Men castrated at an early age or with congenital 5a-reductase deficiency have a 

very low risk of prostate cancer. (Huggins 1941, Imperato-McGinley 1992). 

The exact relationship between androgen and prostate cancer is not fully understood. It 

has been hypothesised that the increased ratio of oestrogen to androgen that occurs with 

the age related decrease in testosterone may contribute to prostate cancer development 

(Prehn 1999). 

1.8.2.6 Diet 

Diet plays an important part in the development of prostate cancer. Convincing evidence 

for this is illustrated in migration studies. First-degree relatives from areas of low prostate 

cancer incidence (Japan and China) have increased prostate cancer rates when they 
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migrate to a Westemised society (Muir 1991, Shimizu 1991). However, this is an 

increase in clinical prostate cancer rates. Latent prostate cancer rates are similar between 

east and west and diet would therefore influence progression rather than development of 

prostate cancer. A summary of the dietary factors involved in prostate cancer is given in 

Table 1.2. 

There appears to be a strong positive correlation between dietary animal fat intake and 

the risk of prostate cancer (Rose 1986). Giovanucci (1995) also showed an association 

between advanced stage disease and high dietary intake of fat from red meat. They 

postulated that dietary fat intake effects the production of hormones with increased risk 

of prostate cancer. Fat intake also effects the absorption of vitamins A, D and E, all of 

which are reported to lower the risk of prostate cancer (Table 1.2). 

Table 1.2 Diet and the risk of prostate cancer. 

*The discrepancy between reported effects of dietary vitamin A on the risk of prostate 

cancer is thought to be due to the source of vitamin A. In Asia, vegetables are the main 

source, whereas in the USA it is animal fat. The increased risk reported may be due to 

the higher fat intake. 

Dietary component Risk of prostate cancer Reference 

Red meat/ unsaturated fat t Giovannucci 1995 

Phytooestrogens (e.g -l, A1dercreutz 1993 
isojlavanoids) 

Hsing 1990 
Vitamin A* -l,/t Hayes 1999 
Vitamin D -l, Lieberman 2001 
Vitamin E -l, Lieberman 2001 
Selenium -l, Clark 1996 
Tomatoes (lycopenes) -l, Giovannucci 1995 
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1.8.3 Molecular genetics 

Prostate cancer exhibits aneuploidy (presence or absence of DNA outwith the nonnal 

diploid number) in 40-50% of cases. This has been associated with advanced clinical 

stage, high disease grade, and poor patient prognosis (Visakorpi 1993). The commonest 

aneuploidy changes in prostate cancer include loss of chromosomes 1, 2, 4, 5 and Y and 

gains of chromosomes 7, 14,20, and 22. Structural re-arrangements involving 

chromosome anns 2p, 7q and lOq and deletions at 7q, 8p and 10q have been reported. 

(Lundgren 1992, Sandberg 1992). Loss of heterozygosity (LOH) is considered to indicate 

areas of chromosomes that may harbour tumour suppressor genes (TSGs). In prostate 

cancer many areas of LOH have been identified. The commonest chromosomal regions 

involved are 5q, 6q, 7, 8p, 10, 13q, 16q, 17q and 18q (Carter 1990, MacGrogan 1994, 

Kunimi 1991, Cooney 1996 and Cunningham 1996). LOH of8p is the usual defect in 

prostate cancer and occurs in up to 70% of prostate carcinomas and PIN (Bova 1993, 

Trapman 1994, Emmert-Buck 1995). 

The tumour suppressor gene PTENIMMAC-I1TEP-J maps to chromosome 10q23 and 

encodes a dual specificity phosphatase. PTEN protein negatively regulates cell migration 

and cell survival and induces a G j cell cycle block via the negative regulation of the 

phosphatidylinositol 3'-kinase/protein kinase B/Akt signalling pathway. PTEN is 

frequently mutated or deleted in primary prostate cancers and prostate cancer cell lines 

(Cairns 1997). In a survey of over one hundred cases, a loss of PTEN expression in 

paraffin-embedded primary prostate cancers correlated with advanced stage cancer and 

high Gleason score (McMenamin 1999). 

1.8.4 Pathology 

Prostate cancer is usually found in the peripheral zone of the gland (McNeal 1969, Byar 

1972). The remainder are predominantly in the transitional zone. Prostate cancer is multi­

focal in 85% of cases (Ayala 1989). Prostate cancer can spread locally or distally. Local 

extension is usually posteriorly or postero-laterally, in keeping with the location of the 

peripheral zone. Local extension is tenned extra-prostatic extension, rather than capsular 

penetration, as the prostate lacks a distinct histological capsule (Gleason 1974). 
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Metastatic spread usually occurs to the pelvic lymph nodes or bones. However, spread to 

the lungs, bladder, liver and adrenal glands can occur. As metastatic spread is usually 

lymphatic in origin, metastatic tumour deposits tend to be diffuse small lesions rather 

than large discreet masses. 

1.8.4.1 Grade 

Various grading systems are used for prostate cancer, but the system described by 

Gleason in 1974 is the most universally accepted (Gleason 1974) (Figure 1.8). This is 

based on the architectural pattern of the tumour and is assigned a grade of 1 to 5. Grade 1 

represents a well differentiated tumour, whereas grade 5 represents a poorly differentiated 

tumour. Combining the most prevalent pattern of Gleason grade with the second most 

prevalent pattern (Gleason sum score) produces good correlation with patient survival 

from prostate cancer (Gleason 1974, Chodak 1994). Therefore the Gleason sum score 

ranges from 2 (1+1, well differentiated) to 10 (5+5, undifferentiated). 

Care has to be taken interpreting Gleason sum in needle biopsies of the prostate. As 

prostate cancer is heterogenous, a needle biopsy may not represent the true overall pattern 

of disease within the prostate. Indeed, there is a tendency for under-grading when needle 

biopsies are compared to radical prostate specimen (Bostwick 1994). Up to 33% of 

needle biopsies under-grade prostate cancer, whereas only 8% were over-graded 

(Catalona 1982). 

1.8.5 Detection of prostate cancer 

Early prostate cancer has virtually no clinical symptoms to aid detection. Local 

symptoms that can arise are due to obstruction of urine flow by the prostate cancer mass. 

Other localised symptoms can include haematospermia and ureteric obstruction. These 

tend to indicate locally advanced disease. Systemic symptoms of malaise, weight loss, 

bone pain, anaemia and lower limb oedema represent metastatic disease. A high 

proportion of men presenting with prostate cancer used to have metastatic disease due to 

the lack of clinical signs and general awareness of the disease. Since the discovery of 

PSA, its use has become widespread since the late 1980's. This has lead to a dramatic 

decrease in the number of men presenting with metastatic disease (Hankey 1999). 
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Clinical evaluation of prostate cancer is carried out by digital rectal examination (DRE), 

serum prostate specific antigen (PSA) and trans-rectal ultrasound guided biopsy of the 

prostate gland (TRUSS biopsy). 

1.8.5.1 Digital rectal examination 

The prostate gland is easily palpable through the anterior wall of the rectum. Obviously, 

this is only examining the posterior aspects of the gland, but the peripheral zone lies here 

and is the area most likely to be involved with prostate cancer. DRE is an important tool 

in prostate cancer. A palpable abnormality on DRE is cancer in 50% of cases (Jewett 

1975). It is shown not to be as accurate as PSA in the detection of cancer (Catalona 

1994). However, a study has shown 17% of cancers were missed using PSA screening 

alone (Schroder 1998). It is recommended that all men with a DRE suspicious of 

malignancy should have a TRUSS, as 25% of prostate cancers have a normal PSA. 

1.8.5.2 Prostate specific antigen 

PSA is a 34 kDa glycoprotein secreted by prostatic ductal cells, first described by Wang 

et al in 1981. It is a serine protease and is thought to liquefy seminal fluid. It is secreted at 

high concentrations in the mg/ml range in the seminal fluid, but only small amounts in 

the ng/ml range are detected in the serum. In the serum, most is bound to serum anti­

proteases (65-90%), although a small amount (10-35%) remains free in the serum (Lilja 

1991). Bound PSA is cleared by the liver and has a half life of 2-3 days, whereas free 

PSA is cleared by the kidney, and has a halflife of2-3 hours (Stamey 1987, Bjork 1998). 
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Figure 1.8 Gleason grading system of prostate cancer 
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Original drawing of Dr. Gleason's, showing the five distinct patterns of the Gleason 
grading system. The 2 most prevalent Gleason grades are added together to give the 
Gleason score. Where 2 is the most differentiated and lOis the least differentiated. 

Gleason grade 1 and 2: These two grades closely resemble normal prostate. They are 
the least important grades because they seldom occur in the general population and 
because they confer a prognostic benefit which is only slightly better than grade 3. In 
grade 2 glands are more loosely aggregated, and some glands invade into the surrounding 
stroma. 

Gleason grade 3: This is the most common grade and is also considered well 
differentiated (like grades 1 and 2). All three grades have normal glandular appearances. 
The lumen contains prostatic secretion like normal prostate. Each gland unit is 
surrounded by prostate muscle which keeps the gland units apart. Invasion into the 
stroma is very prominent and is the main defining feature. The cells are dark rather than 
pale and the glands often have more variable shapes. 

Gleason grade 4: Here there is a loss of architecture with disruption and loss of the 
normal gland unit. This is the main class of poorly differentiated prostate cancer, and its 
distinction from grade 3 is the most commonly important grading decision. 

Gleason grade 5: This usually predicts another significant step towards poor prognosis . 
It 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 formed glands. This grade is often called 
undifferentiated, because its features are not significantly distinguishing to make it look 
any different from undifferentiated cancers which occur in other organs. 
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Unfortunately, PSA is not specific for prostate cancer. Prostatitis and BPH can cause 

elevated serum PSA (Dalton 1989, Carter 1992). Several urological conditions and 

procedures can cause transient increases in serum PSA. These include prostate biopsy, 

prostate massage, acute urinary retention and ejaculation (Yuan 1992, Tchetgen 1996). 

These diseases and procedures are thought to disrupt normal prostate architecture and 

cause a surge ofPSA in the serum. PSA is also not specific to the prostate gland, with 

expression demonstrated in breast tissue, peri-urethral and anal glands, sweat glands and 

even renal tumours (Levesque 1995). 

Although PSA is not specific for prostate cancer, numerous studies have shown it to be 

the single best predictor of prostate adenocarcinoma (Catalona 1994, Ellis 1994, Stone 

1994). It is also independent of user expertise, unlike TRUSS and DRE. The risk of 

prostate cancer increases as the serum PSA increases. Normal PSA level is typically set 

at 4 ng/ml, which gives a 1 in 50 chance of having prostate cancer on biopsy (Schroder 

1998). Increasing the range ofPSA to 4 - 10 ng/ml results in a 1 in 4 chance of having 

prostate cancer, which increases to 1 in 2 for PSA levels greater than 10 ng/ml (Schroder 

1998). 

Several methods have been investigated to try to improve the sensitivity and specificity 

of PSA testing for prostate cancer. 

Specific age ranges for PSA 

The recommended reference range for serum PSA (95th percentile) for men aged 40 to 

49 years is 0.0 to 2.5 ng/ml; for 50 to 59 years, 0.0 to 3.5 ng/ml; 60 to 69 years, 0.0 to 4.5 

ng/ml; and 70 to 79 years, 0.0 to 7.5 ng/ml (Oesterling 1993). 

PSA density 

The commonest reason for a marginally elevated PSA level in the range of 4 - 10 ng/ml 

is BPH. PSA density is calculated by dividing the serum PSA (ng/ml) by the prostate 

volume on TRUSS (ml). It is suggested that PSA densities of 0.15 or greater are an 

indication for a TRUSS guided biopsy in patients with a normal DRE (Benson 1992). 
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However, several studies have since disputed this cut off as a significant number of 

prostate cancers will be missed (Brawer 1993). PSA density is however a useful tool for 

monitoring patients with persistently raised PSA despite normal biopsy, to determine who 

may need a further TRUSS guided biopsy. 

PSA velocity 

Carter et allooked at PSA levels in archival frozen serum samples obtained from men 

who were subsequently followed up to determine who did or didn't develop prostate 

cancer. Individuals whose serum PSA increased by more than 0.75 nglml per year had a 

72% risk of developing prostate cancer compared to only a 5% risk if PSA velocity was 

0.75 ng/ml or less per year. This data is particularly relevant for patients with PSA 

between 4-10 nglml. Several other studies have shown similar results (Carter 1992, 

Carter 1995, Lujan 1999). 

Free/total PSA 

The majority ofPSA in the serum is bound to alpha-l-antichymotrypsin (ACT), with a 

lesser amount free in the serum. Men with prostate cancer have relatively more PSA 

bound to ACT and therefore the ratio of free PSA to total PSA is higher in men without 

prostate cancer (Christens son 1993). Several studies have shown increased sensitivity 

using this method. However the exact cut off point has varied between the studies. 

Catalona et al used a 25% (% free PSA) or less as an indication for biopsy in men with a 

PSA of 4 - 10 ng/ml, detecting 95% of cancers and avoiding 25% of unnecessary 

biopsies (Catalona 1998). 

1.8.5.3 Trans-rectal ultrasound scan and prostate biopsy 

The prostate gland is scanned by an ultrasound (USS) probe placed in the rectum, either 

in transverse or longitudinal plane. Prostate cancer lesions have traditionally been 

described as hypoechoic. Hypoechoic lesions are twice as likely to contain prostate 

cancer as isoechoic lesions (Hammerer 1994). However, most hypoechoic lesions seen on 

TRUSS are not malignant and approximately 50% of prostate cancer lesions are not 

visualised by TRUSS (Carter 1989). TRUSS is therefore not a diagnostic tool, but is a 
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very useful tool to image the prostate for accurate sampling of biopsies as well as 

targeting suspicious areas for biopsy. 

1.8.6 Staging of prostate cancer 

Following diagnosis of prostate adenocarcinoma, accurate staging of the disease is 

important to determine the most appropriate treatment option for individual patients. The 

staging modalities currently used in prostate cancer are DRE, radiological imaging and 

pelvic lymphadenectomy. The TNM system (TumourlNodeslMetastasis) is the most 

widely used for both clinical and pathological staging of prostate cancer (Table 1.3 ). 

Pathologic staging is more accurate than clinical staging in predicting outcome, as 

multiple factors are included. The more important pathological criteria for prognosis are 

surgical margins, Gleason grade, extra capsular spread, and seminal vesicle or pelvic 

lymph node involvement. Tumour grade is an independent predictor of prognosis. 

Significantly worse survival is seen in identically staged disease when comparing 

Gleason 7 and above to Gleason 6 and below (Epstein 1993a, Epstein 1993b). Seminal 

vesicle and pelvic lymph node metastases are both associated with a very low probability 

of a complete surgical cure (Pound 1997). 

DRE may under-stage prostate cancer. A study looked at a large series of prostate cancers 

assessed as clinically organ confined. Fifty two percent had organ confined disease, 31 % 

had extra-prostatic extension and 17% had seminal vesicle invasion of pathological 

examination. The same study also showed 19% of prostate initially staged as T3a on 

DRE were actually organ confined (Partin 1993). 

PSA on its own is a poor predictor of prostate cancer stage as there is considerable 

overlap between PSA levels and disease stage. However PSA levels do give a rough 

guide to prostate cancer stage. Prostate cancer with a serum PSA less than 4 ng/ml has an 

80% chance of being organ confined. PSA 4 - 10 ng/ml has a 66% of being organ 

confined, whereas PSA greater than 10 ng/ml has a less than 50% probability of being 

organ confined. A PSA over 20 ng/ml carries a 20% risk of pelvic lymph node 
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metastases, and a PSA of over 50 ng/ml carries a 75% risk of pelvic lymph node 

metastases (Partin 1993, Rietbergen 1999). 

Prediction of organ confinement of prostate cancer can be further enhanced by combining 

PSA, grade and local stage. This data exists in the form of Partin's tables (Partin et al 

1997). 

Various imaging techniques have been used to stage prostate cancer including TRUSS, 

isotope bone scan, computerised tomography (CT) and magnetic resonance imaging 

(MRI). TRUSS is an insensitive method of detecting organ confinement. Isotope bone 

scan is used to screen the skeleton for evidence of bony metastases with an 8% false 

negative rate reported (Terris 1991, Ball 1979). Areas of suspicion on bone scan are not 

specific of prostate cancer, and if the positivity of result is questioned, then plain 

radiography or MRI of the area should be performed. The routine use of isotope bone 

scan in patients with PSA less than 20 ng/ml has been questioned due to the very low 

pickup rate (Chybowski et aI1991). CT and MR scans are used to examine for evidence 

of extra capsular spread and evidence of pelvic lymph node involvement. However both 

modalities are insensitive in picking up microscopic lymph node metastases. 

1.8.7 Management of organ-confined prostate cancer 

Currently there are 3 distinct treatment modalities for early prostate cancer that is 

clinically organ confined. It is generally accepted that a life expectancy of 10 years or 

more is required for a patient to significantly benefit from radical treatment of prostate 

cancer. 

1.8.7.1 Radical prostatectomy (RP). 

In many European countries and in the USA, radical surgery is the preferred treatment for 

localised prostate cancer, with 95% of American Urologists recommending it as a first 

line treatment for localised prostate cancer in suitable patients (Gee 1995). In the UK 

only 29-44% of Urologists would recommend this treatment, depending on tumour grade 

(Savage 1997). 
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Table 1.3 TNM Classification for Prostate Cancer UICC sixth edition 2002 

T - Primary Tumour 

TX Primary tumour cannot be assessed 

TO No evidence of primary tumour 

Tl Clinically unapparent tumour not palpable or visible by imaging 

Tla Tumour incidental histological finding in 5% or less of tissue 
resected from TURP 

Tlb Tumour incidental histological finding in more than 5% of tissue 
resected from TURP 

TIc Tumour identified by needle biopsy (eg because of elevated PSA) 

T2 Tumour confined within the prostate 

T2a Tumour involves one half of one lobe or less 

T2b Tumour involves more than half of one lobe but not both lobes 

T2c Tumour involves both lobes 

T3 Tumour extends through the prostatic capsule capsule 

T3a Extracapsular extension (unilateral or bilateral) 

T3b Tumour invades seminal vesicle(s) 

T4 Tumour is fixed or invades adjacent structures other than the seminal 
vesicles: bladder neck, external sphincter, rectum, levator muscles, or 
pelvic wall 

N- Regional Lymph Nodes 

NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

Nl Regional lymph node metastasis 

M- Distant metastasis 

MX Distant metastasis cannot be assessed 

MO No distant metastasis 

Ml Distant metastasis 

MIa Non regional lymph nodes 

Mlb Bone(s) 

Mlc Other site(s) 
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Surgery involves the removal of the entire prostate gland with attached seminal vesicles, 

followed by reconstructing the lower urinary tract by anastomosing the bladder onto the 

distal urethra. Immediate post-operative complications are rare with a mortality rate of 

0.3%. The operation can be performed through an abdominal or a perineal incision. Late 

complications include bladder neck stricture in 0.5-9%. Urinary incontinence is a 

significant late complication and occurs in 5-20% of patients, with the accepted rate 

being around 10% (Murphy 1994). The majority of men with incontinence following 

radical prostatectomy respond to conservative treatment, with a chance of improvement 

up to 1 year after surgery (Leandri 1992). Erectile dysfunction occurs in 30-100% of men 

post-operatively and is dependant on patient age and use of neuro-vascular bundle 

sparing techniques during surgery (Quinlan 1991, Murphy 1994). Radical prostatectomy 

gives 5 year PSA free survival rates of>70% (Epstein 1993). 

1.8.7.2 External beam radiotherapy (EBRT) 

EBR T is probably still the modality that is most commonly used in the UK for radical 

treatment of prostate cancer. It usually involves a 6-week course of radiotherapy 

treatments to the prostate gland and has similar progression-free and overall survival rates 

to those seen after RP. However it also has its drawbacks, including urinary incontinence 

(2-3%), rectal inflammation and bleeding (2-10%), and impotence (20-30%). 

1.8.7.3 Brachytherapy (BT) 

BT involves a one off treatment to implant either iodine-125 or palladium-1 03 

radioactive seeds into the prostate directly through the perineum. Although it has a low 

morbidity, there is no conclusive evidence that brachytherapy results are better than the 

results of the other two radical treatments. Additionally, the selection criteria for 

brachytherapy tend to be more exclusive. 

1.8.7.4 Active surveillance 

Another option for management of early prostate cancer is 'watchful waiting', now more 

commonly referred to as 'active surveillance'. This essentially involves clinical 
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assessment and PSA monitoring of patients. Primary intervention is avoided unless there 

is evidence of disease progression either clinically or biochemically. 

1.8.8 Management of locally advanced/metastatic prostate cancer 

Hormonal manipulation (androgen ablation) has remained the mainstay oftreatrnent in 

advanced or metastatic prostate cancer (Huggins & Hodges 1941). Approximately 80% 

of patients will respond to androgen blockade. Common drugs used include LHRH 

analogues such as Goserelin and Leuprolide. Androgen receptor antagonists such as 

Bicatulamide (Casodex) and Flutamide, both non-steroidal anti-androgens, are 

competitive inhibitors of the androgen receptor. Both are commonly used in the clinical 

treatment of prostate cancer. However, hormone refractory disease develops within a 

median of two years following the initiation of androgen blokade and the prognosis is 

then generally poor. 
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1.9 Prostasomes 

In the late 1970's, at the University ofUppsala, Sweden, Ronquist and colleagues 

described the existence of microscopic vesicles present in seminal plasma, which they 

subsequently termed prostasomes due to their prostatic origin. CRonquist 1977, Ronquist 

1978, Stegmayr 1982 & Ronquist 1985). Much of the subsequent research has been 

conducted at the department of Medical Sciences, Uppsala, Sweden and also in the 

Istituto di Biochimica Medica, Perugia, Italy. 

Prostasomes are membrane-bound secretory vesicles, in the nanometer diameter range. 

CRonquist 1985). They are secreted by the prostatic ductal epithelium, into the lumen 

where they form part of the ejaculate. Although known to possess specific biological 

properties, their physiological role and overall significance remain far more debatable. 

There has been comparatively little written about these structures since their detection 

two decades ago and this may help explain the relative lack of awareness ofprostasomes 

within the urological community. 

In 1977 Ronquist et al described high ATPase activity in human prostatic fluid that was 

linked to membranous structures. The ATPase was found to be a membrane associated 

phospho lipoprotein that was magnesium/calcium dependant CRonquist 1977 & 1978). 

Secretion from the seminal vesicles was found not to contain ATPase activity or 

magnesium or calcium cations. This suggested that prostasomes were prostatic in origin. 

1.9.1 Origin and physical properties 

1.9.1.1 Production and secretion ofprostasomes. 

Prostasome production occurs in the apical part of the prostatic ductal epithelial cell 

where golgi apparatus is abundant. Multiple prostasomes appear together within larger 

storage vesicles prior to secretion into the prostatic ductal lumen. There are believed to be 

two main modes ofprostasome secretion. CRonquist 1985). In exocytosis larger storage 

vesicles fuse with the cell membrane to discharge their contents, followed by recycling of 

the vesicular membrane. Secretion in membrane-bound form, or diacytosis, involves the 
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whole storage vesicle together with its contained prostasomes being translocated through 

the membrane (as happens with hepatic phospholipids). They are thought to occur with 

approximately equal frequency. (Ronquist 1985 & Brody 1983). This is supported by the 

morphological finding of both free prostasomes and membrane bound groups of 

prostasomes within the ductal lumen. 

1.9.1.2 Androgen dependency ofprostasome occurrence in seminal plasma. 

Prostatic epithelial cell activity among other things is stimulated by testosterone. There is 

evidence to suggest that prostasome production is also androgen dependant. Stegmayr et 

al (1980) reported a 30% decrease in prostasomal ATPase activity in 22 oligo-zoospermic 

men with reduced testosterone levels compared with 30 normo-zoospermic men. In 

addition Ronquist et al (1984) described reduced prostasomal ATPase activity in a patient 

with well-differentiated prostate cancer after the initiation of hormonal anti-androgen 

therapy. 

1.9.2 Prostasomal structure 

Prostasomes are found in high concentrations in seminal plasma. Under electron 

microscopy there appear to be two distinct morphological types: smaller, 'dark' 

prostasomes with tightly packed electron dense contents, and larger 'light' less dense 

structures. Their diameter varies from 40-500 nm (Brody 1983 & Ronquist 1985). They 

possess a lipid bi-layer membrane which may be arranged in a multi-lamellar fashion 

(Ronquist 1985) and has a characteristically high concentration of cholesterol. The ratio 

of cholesterol to phospholipid is approximately 2: 1 (Arvidson 1989) compared to 1: I in a 

typical mammalian cell membrane. Consequently, prostasomes have a membrane which 

is less permeable to small water-soluble molecules. Analogous structures are also shed by 

prostate cell lines into culture media and by prostate cancer metastasis. (Nilsson 1999). 

1.9.3 Preparation of prostasomes 

Prostasomes can be prepared from both in-vitro and in-vivo sources, using semen, 

prostatic tissue (benign, primary and secondary malignancy) or prostate cancer cell lines. 
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Although the finer details of extraction will depend upon the source, the protocols used to 

isolate prostasomes contain the following elements: 

1. Removal of cells from semen by low speed centrifugation. 

2. Ultracentrifugation of seminal plasma, e.g. 100,000G for 2 hours. 

3. Re-suspension ofprostasome pellet, typically in isotonic Tris-HCI buffer. 

4. Gel chromatography, e.g. using a Superdex column, to purify the re-suspended 

prostasome containing fractions. 

1.9.4 Prostasome biochemistry 

1. 9.4.1 Lipids 

One of the main lipid components of prostasomes is sphingomyelin (Ronquist 1985), a 

group of phospholipids, which contains 1-phosphocholine combined with a ceramide (an 

N-acyllong-chain base) such as sphingosine. Sphingomyelin is one of the main 

constituents of the myelin sheath ofneurones. More than 50% of the phospholipid 

component of the prostasomal membrane is either palmitic (COOH (CH2)14 CH3 ) or 

stearic acid (COOH (CH2)16 CH3 ). 

1.9.4.2 Proteins 

Proteomic analysis u::ing a high-pressure liquid chromatography -mass spectrometry 

approach, trawled 139 associated proteins in prostasomes isolated from pooled semen 

(Utleg 2003). Th~ author's hypothesise that prostatic diseases may present unique 

phenotypes at the level of their respective prostasomal proteomes. Prior to this analysis 

approximately 80 different protein entities had been detected using 2-D chromatography 

and gel electrophoresis. (Lindahl 1987 & Renneberg 1997). Some of these previously 

identified proteins (e.g. CD142 - see below) do not appear in the recent HPLC analysis. 

Of the 139 proteins identified using HPLC nine percent appeared to be novel. The 

functions of the "known" molecules are diverse and include structural membrane 

proteins, enzymes, chaperone proteins and signal transduction molecules. Some of the 

enzymes are linked to the prostasomal membrane via a glycosylphosphatidylinositol 

anchor. (Fabiani 1995). Some of the prostasomal proteins have particular relevance in the 
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genito-urinary tract and inform speculation on the biological effects of the prostasome. 

Table 1.4 lists some of the more interesting candidates. The exact function of many 

prostasomal proteins however, remains unclear. 

In addition prostasomes contain the following enzmyes: protein kinases, phospholipase 

A2, lactic dehydrogenase, alkaline phosphatase and alkaline phosphodiesterase. 

Tissue Factor (TF) has been a subject of interest within our unit for many years. TF alias 

thromboplastin or CD 142, is a single chain transmembrane glycoprotein with a 

molecular weight of approximately 43-45kDaltons. (Bach 1981 & 1988, Broze 1985, 

Ghua 1986 & Kang 1988). It is a receptor and essential cofactor for clotting factors VII 

and VIla and acts as the main physiological initiator of the coagulation cascade. (Guha 

1986, Kang 1988 & Bach 1988). TF is present in human semen, predominantly in the 

prostasomal fraction and has been located on the prostasomal surface using immuno­

electron microscopy. (Fernandez 1997). 

Neuroendocrine components, such as neuropeptide Y, chromogranin A and B, and 

vasoactive intestinal peptide (VIP) have also been demonstrated in prostasomes by 

radioimmunoassay and immunoelectron microscopy. (Stridsberg 1996). Skibinski 1994 

identified the secretory granule protein granulophysin, which is structurally similar to the 

neuroprotein synaptophysin. (Shalev 1992). The role that these neuro-components play in 

prostasomal activity is still not fully understood but they are thought to facilitate 

molecular interactions by increasing the formation and stability of functional signalling 

complexes. (Maecker 1997). 
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Table 1.4 Prostasomal proteins 

Protein Putative Function 

CD 13. Aminopeptidase. Zinc dependant proteolytic enzyme. 
Liquefaction of semen. 
(Lilja 1984) 

CD 26. Dipeptidyl peptidase IV. (T-Cell Peptide metabolism, T -Lymphocyte 
activating antigen). activation and the regulation of DNA 

synthesis, cell proliferation and the 
production of cytokines. 
HIV binding. 
(Valenzuela 1997, Shrimph 1999, Vanhoof 
1992) 

CD 10. Enkephalinase. (Neutral Membrane Anchored ectoenzyme 
endopeptidase). (peptidase). Regulation of growth 

stimulatory capacity. Lost in hormone 
insensitive invasive prostate cancer cell lines. 
(Papandreou 1998) 

CD 143. (Angiotensin converting enzyme). Angiotensin 2 and bradykinin metabolism. 
(Erdos 1985) 

CD 46, CD 55, CD 59. Complement inhibitors. Spenn motility. 
Protection of sperm against complement 
attack in the female genital tract. 
(Rooney 1993 
Kitamura 1995 

CD 69. Granulophysin. Facilitate molecular interactions. Increasing 
the formation and stability of functional 
signalling complexes. 
(Skibinski 1994) 

CD 142. Tissue factor. Rapid activation of clotting preventing 
bleeding and transfer of infection. 
(Fernandez 1997) 

ATPase. Vectorial calcium transport into prostasomes. 
Calcuimlmagnesium dependant. Prostasomes are rich in Ca2+, and participate 

in the maintenance of Ca2+ homeostasis 
which is necessary for sperm motility. 
(Arienti 2002) 

Heat shock proteins including HSP70 & HSP Chaperon proteins. Promotion of protein 
90. folding, assembly, translocation and 

secretion of newly formed polypeptides. HSP 
90 targets signal transduction proteins such 
as steroid hormone receptors and signalling 
kinases. (Young 2001) 

PSA. Prostate specific antigen. Tumour marker for prostate cancer. Semen 
liquefaction. Crawford ED 1993 

51 



1.9.5 Prostasomal function 

Function depends on the source of prostasomes. For instance, if one considers sperm 

motility, prostasomes isolated from PC3 cell lines offer similar properties to those 

isolated from seminal plasma (Wang 2001); whereas amino-peptidase activity differs 

(Ronquist 1978). 

The identification of prostasome associated proteins sheds light on the possible function 

ofprostasomes. (Table 1.4). It is postulated that they have a role in sperm motility, semen 

calcium homeostasis, semen liquefaction, complement inhibition, immunosupression, 

prevention of haematogenous infection, clotting activation, and even a role in HIV 

transmission. (Valenzuela 1997). They are also reputed to have antioxidant properties. 

(Saez 1998). 

1.9.5.1 Sperm - prostasome interactions 

The evidence suggests that by sperm prostasome interaction, advantageous effects of 

prostasomal membrane proteins are conferred to the sperm cell reSUlting in an improved 

microenvironment and an increased chance of the sperm cell achieving successful 

fertilisation. Sperm fusion with prostasomes has been an area of some interest. Ronquist 

has demonstrated that both the spermatozoa and prostasomes display a net-negative 

surface charge, with the prostasome being less negative (Ronquist 1990). Fusion occurs 

despite the expected repulsion, raising further questions regarding sperm prostasomal 

interaction. It has been shown that fusion between sperm and prostasomes is Ca2
+ 

dependent and involves sperm intra-cytoplasmic Ca2
+ concentration increasing. (Arienti 

2002). 

Although the mechanisms involved in the acrosome reaction are not completely 

understood, Arienti (1998 & 2002) has suggested that stabilisation of the sperm 

membrane appears to occur on fusing with prostasomes due to enrichment with 

cholesterol, sphingomyelin, and saturated glycerophospholipid. It is argued that this may 

"prevent the untimely occurrence of the acrosome reaction". The significance of other 

molecules, including arachidonic acid 15-lipoxygenase has also been brought to light. It 
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has been implicated in the acrosome reaction of bull semen and was found by Oliw and 

colleagues to be present in purified human prostasomes (Oliw 1993). 

1.9.5.2 Sperm motility 

Fabiani et al (1994 & 1995) and (Stegmayr 1982) have demonstrated an increase in 

sperm motility in semen samples treated with prostasomal preparations, with a response 

rate of up to 70%. Motility may even occur in sperm that are initially deemed to be 

immotile. The increased sperm motility attributable to prostasomes is pH-dependant. The 

pH dependency may be physiologically significant as sperm encounter an acidic 

environment on ascending the female genital tract. Sperm motility was shown by Arienti 

et al (2002) to be decreased in an acidic environment, but this was improved with the 

addition of prostasomes. Thus, one may speculate that prostasomes offer some buffering 

protection for the sperm against the relatively harsh vaginal! uterine environment. 

However, these discoveries do not appear to have led to widespread clinical application 

within infertility management perhaps raising doubts as to the overall significance of the 

results. 

1.9.5.3 Calcium homeostasis 

It is believed that prostasomes promote sperm motility by modulating calcium ion 

concentration. Prostasomes are rich in calcium ions and the prostasome associated 

Calcium/Magnesium ATPase system may control their transport across the prostasome 

membrane. Annexins and calmodulin are other proteins involved with Ca2
+ regulation 

that are present in prostasomes. (Utleg 2003). 

1.9.5.4 Semen coagulation and liquefaction 

Immediately after ejaculation normal human semen coagulates. The coagulum is largely 

composed of sialo-glycoprotein-metal complexes (semenogelins), 

glycerylphosphorylcholine and fibronectin, the whole being known as High Molecular 

Weight Seminal Vesical Proteins (HMW-SVP). (Gonzales 2000). Within approximately 

twenty minutes spontaneous liquefaction occurs due to the action of prostate specific 

antigen (a serine protease present in seminal plasma both free and prostasome associated 
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Ut1eg 2003) and possibly the involvement ofprostasome aminopeptidase, a zinc 

dependant proteolytic enzyme. (Lilja 1984). 

1.9.5.5 The haemostatic system in semen 

There is evidence for most of the components of the blood coagulation and fibrinolytic 

system in semen. (Lwa1eed 2003). There are points of contact between these and the 

HMW-SVP system, notably PSA, which binds to Protein-C inhibitor. Moreover, 

digestion of semenogelin with PSA produces fragments which cross-link into complexes 

with clotting factor XIIla. (Lwa1eed 2003). This circumstance is a reminder not to assign 

exclusive pigeon-holes to groups of molecules; semen is awash with interrelating 

proteases. Due to its prostasoma1 (and perhaps some soluble) TF content semen has 

potent blood clotting activity. The ability to coagulate blood rapidly from abrasions 

during intercourse is postulated to prevent sperm and seminal components, including 

infectious agents such as human immunodeficiency virus, from entering the blood 

stream, generating antibodies, or promoting infectious disease. (Fernandez 1997). 

1.9.5.6 Effects on the 1ymphoreticu1ar system and immunity 

Human semen has potent immunosuppressive activity. (Stites 1975). This is believed to 

help protect sperm from immunological attack within the female reproductive tract. Local 

immunosuppression may also help protect the female genital tract from becoming 

sensitised to the alloantigenic proteins present in seminal plasma and on sperm. 

Prostasomes inhibit lymphocyte proliferation and protect sperm cells from macrophage 

phagocytosis. (Liszewski 1996, Jiang 1998, Kelly 1991 & Skibinski 1992). CDs 46,55 

and 59 on prostasomes have been shown to regulate complement pathways and 

opsonisation. (Kitamura 1995 & Rooney 1993). CD 46 causes proteolytic inactivation of 

factors C3b and C4b of the complement cascade. CD 55, the decay accelerating factor 

and CD59, an inhibitor of the membrane attack complex both protect from complement 

mediated lysis and phagocytosis. (Babiker 2002). 
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1.9.5.7 HIV infection 

Prostasomes may facilitate HIV binding and survival in human semen. CD 26 

(Dipeptidylpeptidase), a prostasomal membrane protein, binds HIV. (Subramanyan 1993 

& Valenzuela 1997). Secondly the complement inhibitors CD's 46,55 and 59 that protect 

sperm may also protect the HIV virus. Indeed CD 55 and CD 59 might become 

transferred from the prostasome to the HIV membrane. (Saifuddin 1995). 

1.9.5.8 Antioxidant properties 

Reactive oxygen species (ROS) or free radicals are pivotal in inflammation and 

carcinogenesis. They are harmful to sperm and a major cause of idiopathic male 

infertility. Polymorphonuclear leucocytes (PMNs) in semen are believed to be a major 

local source ofROS. The addition ofprostasomes to PMNs caused a reduction ofROS 

(Saez 1998). They attributed this decrease not to free radical scavenging, but the 

incorporation of 16-doxyl-stearate into the cell membranes, increasing rigidity. 

1.9.6 The role of prostasomes in urological disease and current research 

Prostate cancer cells generate prostasome like granules. (Nilsson 1999). Antibodies to 

prostasomes have been detected in the serum of patients with prostate cancer. A pilot 

study by Nilsson et al (2001), using ELISA technology, demonstrated markedly raised 

serum levels of antibodies to prostasomes in patients with prostate cancer compared to 

control subjects. Nilsson's work used a prostasome-like preparation prepared from 

prostate tissue. Further work is required to establish the role of antibodies to prostasomes 

as prognostic indicators and determinants in tumour progression. The antigenic target(s) 

need identifying. Nilsson's group chose a monoclonal antibody for their studies and are 

thus detecting antibodies to one epitope only on these complex structures. (Nilsson 1998). 

It is not apparent how many specificities emerged from their fusions. The metastatic 

status of the patients in this study was not recorded. Indeed further work by Larsson et al 

(2006) indicated that antiprostasome antibody titre had a significant but inverse 

relationship to prostate cancer metastasis. 

Local invasion or metastasis should facilitate prostasomes escaping into the vascular and 

lymphatic systems. Leaked prostasomes may also impinge on the course of whatever 

55 



pathological process caused their presence there, for good or ill. The ease with which 

prostasomal membrane elements apparently fuse with cells and pathogens gives much 

scope for them to influence events. 

Whether or not prostasomes have a mechanistic role in the aetiology or progression of 

prostate cancer is not clear. Relatively little has been published on the potential role of 

prostasomes in urological disease. Recent work by Carlsson et al suggests that 

prostasomes have a growth inhibitory effect on prostatic cancer cell lines in culture with 

the effect being most marked with DU145 cells. (Carlsson 2000). Heat treating the 

prostasomes prior to plating them with the cells destroys this inhibition. The possibility of 

in-vivo growth-inhibition should therefore be considered. 

Tissue Factor has been implicated in breast cancer as a marker for the switch to an 

angiogenic phenotype. (Contrino 1996). The role, if any, of prostasome bound tissue 

factor in prostate cancer angiogenesis has yet to be determined. Malignancy has long 

been associated with hypercoagulability, presumably involving TF. Urinary exosomes, 

derived from kidney tubular epithelium, also carry TF (Lwaleed 1999), and their potential 

as diagnostic or prognostic markers of malignancy is well described. Abdulkadir et al 

have implicated urinary TF expression as being correlated with PSA levels in prostate 

carcinoma (Abdulkadir 2000), and the procoagulant activity of prostatic tissue in an 

experimental model of prostate cancer in rats was highest in metastatic disease. 

(Adamson 1994). 

1.9.7 Summary 

Prostasomes are relatively neglected entities, certainly in urological circles. For an 

overview of the field from a non-urological perspective, see the Proceedings of the First 

International Congress on Prostasomes (Ronquist 2002). They are best known in 

domains of human and veterinary fertility. However, given their readiness to fuse with 

cells, their content of potentially influential molecules and anti-oxidant properties, it can 

be argued that prostasomes are more than just vehicles for the disposal of unwanted 
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cellular material. This mayor may not be the case for the exosomes produced by prostate 

cell lines in vitro and caution should be exercised in assuming homology. There are also 

seminosomes, liberated in the testis and presumably contaminating prostasome 

preparations (except in vasectomised individuals). Indeed experimental comparisons 

between prostatic exosomes and those released by other epithelia would help differentiate 

the specific prostasomal properties from more general attributes. 

Circumstantial evidence exists that prostasomes might have some influence on 

proliferative events in the prostate. Antibodies that react with prostasomes, whatever the 

original immunogen, are intriguing both for their very existence and the opportunities for 

patho-physiological mischief they suggest. It is timely for Academic Urology to address 

the patho-physiology of prostasomes, in particular more prostate-specific issues such as 

prostatic carcinoma, prostatitis and benign prostatic hyperplasia. 

1.9.8 Thesis objectives 

1. To reliably and consistently purify prostasomes from human semen. 

2. To confirm purification and to review prostasomal ultra-structure using electron 

microscopy. 

3. To further confirm prostasome purification by means of biochemical characterisation. 

4. To assess the presence of antibodies to prostasomes in patients with prostate cancer, 

and determine the associations, if any, between antibodies to prostasomes and the 

aetiology and progression of prostate cancer. 
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Chapter 2 

General Materials and Methods 
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2.1 Reagents and chemicals 

Unless otherwise stated all chemicals and reagents were analytical or molecular biology 

grade from Sigma Chemical Co. (Poole, u.K.) 

Plastic ware for tissue culture and general laboratory use was obtained from Becton 

Dickinson (Oxford, u.K.). All gel electrophoresis apparatus was from Bio-Rad (Hemel 

Hempstead, u.K.). 

This chapter deals with general methodologies used. Specific methodologies will be 

described in the relevant chapters. All experiments were performed personally unless 

otherwise stated. 

2.2 Prostasome preparation 

Prostasomes were isolated from human semen by means of differential centrifugation and 

gel chromatography using Superdex 200. Using a technique modified from that originally 

described by (Ronquist 1985), Figure 2.1 outlines the general scheme for prostasome 

preparation. 
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Figure 2.1; Prostasome preparation. Schematic summary. 
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2.2.1 Semen source, collection and storage 

Semen samples were obtained from men having undergone bi-Iateral vasectomy for the 

purpose of voluntary sterilisation. Semen analysis is routinely performed on all patients at 

10-14 weeks post vasectomy to determine the success of the procedure. Patients must not 

abandon other contraceptive methods until they have produced at least two semen 

samples negative for motile spermatozoa. This provides an ideal window of opportunity 

for semen collection. Samples were collected following informed consent (Appendix 

2&3) from patients producing samples for routine post vasectomy semen analysis at 

Southampton General Hospital, Southampton, Hampshire, UK, and The Wessex Nuffield 

Hospital, Chandlers Ford Hampshire UK. Following completion of semen analysis by the 

hospital laboratory staff, individual semen samples were frozen at -70 degrees and stored 

for use in batches for the preparation of prostasomes. Initially prostasomes were isolated 

from fresh semen, and compared to prostasomes prepared from frozen semen. 

Unless stated otherwise the source of semen was from vasectomised men. For some 

experiments semen was collected and stored in the same manner as above, but the source 

of the semen was different. Alternative sources included men producing samples for the 

investigation of infertility. In other experiments semen was collected from normal healthy 

male volunteers with no history of vasectomy, infertility, testicular or prostatic disease. 

2.2.2 Differential centrifugation 

Batches of frozen semen were thawed and pooled. Five or six samples were typically 

used giving a pooled semen volume of approximately 12-15mls, as the average ejaculate 

volume is usually 2.5mls -3.5mls. (Guyton 1991). The thawed liquid semen was initially 

centrifuged in Eppendorftubes at 10,000 x g for 15 minutes at room temperature to 

produce "pellet 1 ", and "supernatant 1" (Figure 2.1). This initial spin was to remove any 

cells, cell debris or remaining spermatozoa. The clear resulting supernatant 1, also termed 

seminal plasma, was recovered and centrifuged further using a Beckman Ultra-Centrifuge 

with a 50.2 Ti rotor for 100,000 x g for 2 hours at 4 degrees centigrade. The centrifuge 

speed was calculated using manufacturers hand book (33,160 RPM = 100,000g). The 
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small pellet obtained (pellet 2) contained the prostasomes and amorphous material. 

(Ronquist 1985). The protein containing amorphous material is believed to originate from 

the seminal vesicles. (Brody 1981 & Stegmayr 1982). It can be sedimented at 104,000 x g 

and possess anti-fertility activity. (Pinsker 1968, Dukelow 1969 & Reddy 1979). Pellet 2 

was re-suspended in 2mls of PBS. The supernatant resulting from ultra-centrifugation 

(supernatant 2) was in some cases kept for further evaluation, or discarded. 

2.2.3 Superdex gel filtration. 

In gel filtration molecules in solution are separated according to differences in their sizes 

as they pass through a column packed with chromatographic medium (Porath J 1959) 

which is a gel. In this case we used Superdex 200 a gel based on highly cross-linked 

porous agrose beads to which dextran has been covalently bonded. A glass column 60cm 

high with a diameter of 2.6cm was set up in a cold laboratory maintained continuously at 

4 degrees centigrade. The column was carefully packed with Superdex 200 (Sigma, 

Poole, UK). Pellet 2 suspension was loaded onto the Superdex 200 column equilibrated in 

de-gased PBS with a flow rate of 0.5mllmin. An automated fraction collector was set to 

advance every 5 minutes thus 2.5ml fractions were collected. The UV absorbance of the 

fractions was measured at 280nm using a spectrophotometer. The spectrophotometer was 

zeroed using PBS. The purified prostasomes were initially subjected to further 

investigation both fresh and after a freeze thaw cycle. Later batches were frozen in 

convenient aliquots at -70 degrees centigrade for use at a later date. 

2.3 Aminopeptidase assay 

Prostasomal CD 13 (Aminopeptidase: 150Kdaltons) a zinc dependent proteolytic enzyme 

has been found to be a useful marker of prostasomes. (Laure111982). Thus an 

aminopeptidase assay was used to confirm the presence of aminopeptidase activity in the 

prostasome containing fraction produced from the Superdex 200 gel column. 

Ultracentrifuged prostasomes were resuspended in 2mls of PBS and applied to the 

Superdex 200 column at flow rate of 0.5mls per minute. The fractions were assayed for 

aminopeptidase activity using two assays. The substrates used were, L-Alanine-p-
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Nitroanilide and L-Leucine-p-Nitroanilide (Sigma). Solutions of each were made at 

O.Smg/ml in O.2mol TRIS Buffer at pH 8.0. 30microlitres of test fraction were added to 

1 ml of substrate in a test tube. After 10 minutes incubation at room temperature the 

reaction was terminated with 200microl acetic acid. The UV absorbance was recorded at 

410 nm using a Unicam Heyios E Spectrometer. 

2.4 Activated partial thromboplastin time (APTT) assay to detect procoagulant 

activity in purified seminal prostasomes 

Prostasomes were prepared from vasectomised semen. The fractions produced from the 

Superdex column were screened for procoagulant activity using a commercially available 

hospital activated partial thromboplastin time (APTT) assay. (Sysmex CA-SO 

Coagulometer). SOmel of fraction was added to an equal volume of normal human plasma 

(NHP) and incubated for 1 minute at 37°c. Samples were divided equally to allow testing 

in duplicate. SOmel of actin (Dade Behring, Newark, USA) was added for 1 minute 

followed by the addition of SO mel of calcium chloride (Dade Behring, Newark USA). 

The activated partial thromboplastin time was recorded. 

2.5 Bradford dye assay: Estimation of prostasomal protein concentration 

The protein concentration of our pooled purified prostasome re-suspension was measured 

each time a batch of prostasomes was produced. The Bradford dye assay was used. 

(Bradford 1976). Under appropriate conditions, the acidic COO- and basic NH3 + groups 

of proteins interact with coloured dyes to form coloured precipitates. The Bradford assay 

uses Coomassie Brilliant Blue G-2S0 dye which binds to protein causing a shift in the 

absorbance maximum of the dye from 46Snm to S9Snm. This is a simple method of 

detecting protein concentration. 

Stock solutions ofBSA of known concentration were prepared. In duplicate an equal 

volume of prost as orne solution was tested. 1ml of Bradford dye was added to each 

solution and left at room temperature for 30 minutes. The absorbance was measured at 

S9Snrn. 
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Using the mean absorbance of the known BSA solutions a curve was plotted and the 

prostasomal protein concentration calculated. 

2.6 Gel Electrophoresis 

2-D gel electrophoresis was performed on purified seminal prostasomes and other non­

prostasome containing fractions from the column and the supernatant II. 

2.6.1 Reagents 

Those in brackets were made in advance. 

1. Running Gel. 

• 6.8mls deionised water. 

• 3.0ml 1.875M Tris-HCL at pH 8.8. (22.7g TRIS + 80mls deionised water pH to 

8.8 with concentrated HCL then make up to lOOmIs with deionised water). 

• 5ml Acrylamide stock (Sigma) 

Mix Gently then add 

• 150 microLitres 10% SDS (lg SDS in lOmls deionised water). 

• 7.5 microlitres TMED. 

• 50 microlitres 10% ammonium persulphate. (made fresh) 

2. Stacking gel. 

• 3.6mls deionised water. 

• O.5mls 1.25M Tris HCL, pH 6.8. (7.6g TRIS in 40 mls deionised water, pH to 6.8 

with concentrated HCL then made up to 50 mls with deionised water) 

• 0.8ml acrylamide stock (sigma) 

Mix Gently then add 

• 50 microL 10% SDS 

• 5 microL TMED 

• 17 microL 10% ammonium persulphate. 
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3. Sample loading buffer; 

• 11.6ml Glycerol 

• 5ml1.25M Tris HCL pH 6.8. 

• 2.5ml 0.4% w/v bromophenol blue. 

• 5ml 2-mercaptoethanol 

• 2g SDS. (10 mls of ready mixed 20% SDS) 

• make up to a final volume of 50 mls with deionised water. 

2.6.2 Method 

The SDS polyacrylamide gel electrophoresis (PAGE) apparatus (Bio-Rad mini-protean 

system) was set up as described in the manufacturer's manual. The stacking gel and 

running gel were poured into the frame and allowed to set, with the teeth of a carefully 

placed comb forming the wells in the stacking gel. The prepared prostasomes samples 

were loaded at up to 1O1l1 per well. Seeblue protein standards (250, 98, 64, 50, 36, 30, 

16,6 and 4 kDa; NovexlInvitrogen, UK.) were run alongside the protein samples to 

allow estimation of protein size and confirm protein transfer. Gels were electrophoresed 

at 200V for approximately 45 minutes in a tank of running buffer (25 roM Tris-HCI, 190 

roM glycine, 0.1 % SDS). 
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Chapter 3 

Prostasomal Ultra-structure 
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3.1 Aims 

To visualise prostasomes in their native form (in whole semen samples) and to confirm 

their presence in the purified state. All processing, sectioning and transmission electron 

microscopy was undertaken personally. In addition an attempt was made to immuno-Iabel 

prostasome-bound tissue factor. 

3.2 Methods 

3.2.1 TEM preparation schedule. Purified prostasomes. 

Following ultracentrifugation of seminal plasma as described in chapter 2, the 

supernatant was decanted leaving a small pellet (pellet II, figure 2.1). The pellet was 

fixed using 3% glutaraldehdye & 4% formaldehyde in O.IM PIPES buffer at pH 7.2 for 

one hour at room temperature. The pellet was carefully removed and cut into Imm 

blocks. The subsequent processing was according to a standard protocol. (Page 1994). 

The blocks were twice rinsed in O.IM PIPES buffer at pH 7.2 for 10 minutes. The rinse 

buffer was decanted and in a fume cupboard post fixed in 1 % osmium tetroxide in O.IM 

PIPES buffer at pH 7.2 for 1 hour. Following 2 further 10 minute buffer rinses the blocks 

were dehydrated in graded ethanol, 30%, 50%, 70% and 95% each for 10 minutes 

respectively, then twice for 20 minutes in absolute ethanol. The ethanol was decanted and 

acetonitrile added, after 10 minutes the acetonitrile was decanted and the samples 

submerged in a 50:50 mix of acetonitrile: SPURR (Spurr 1969) resin overnight. The 

following morning the samples were transferred into 100% resin for 6 hours. Finally the 

samples were polymerised in fresh resin in an oven at 60°c for 24 hours. 

The polymerised blocks were removed from the plastic eppendorftubes, and ultra thin 

sections of90nm (Silver) were cut using a Reichert -Jung Ultratome with a glass knife. 

(Glass knives cut personally). Before proceeding representative sections were stained 

with toludine blue and examined under the light microscope to check the content. 

Sections were mounted on TEM slides and stained first with urinyl acetate for 15 minute 

in the dark and then with lead citrate in the presence of sodium hydroxide pellets for 5 

minutes. 
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The slides were viewed and photographed using a Hitachi H7000 transmission electron 

microscope (Hitachi Scientific Instrument, Nissei Sangyo LTD, Japan). 

3.2.2 TEM preparation schedule. Whole semen and non prostasome containing 

Superdex fractions 

The TEM preparation schedule for liquid samples had to be modified and is described 

below (Page 1994). Fresh semen was obtained from vasectomised men and pooled. The 

samples were fixed in primary fixative. (3% glutaraldehdye & 4% formaldehyde in O.1M 

PIPES buffer at pH 7.2) for 1 hour. Fixed semen was embedded in 5% sodium alginate 

by addition of the fixed suspension to a test tube containing 1 ml of 5% sodium alginate 

and centrifugation at 1250x g for 5 minutes. 

Fixative was decanted leaving semen embedded in alginate. A solution containing O.lM 

PIPES and 0.05M CaCb was added and left to set for 10 minutes. The pellet was 

carefully displaced with a needle or pipette and left to set further for 15 minutes. 

Subsequent processing was as described in 3.2.1 starting at the post fixative osmium 

tetroxide step. 

3.2.3 TEM preparation schedule for tissue factor labelling 

In an attempt to label prostasome-bound tissue factor, rabbit monoclonal antibody to 

human tissue factor was used (American Diagnostica Inc, Greenwich, CT, USA) with 

gold labelled anti-rabbit antibody as the secondary antibody. (Bio Cell, Wales, UK). We 

had a limited supply of primary anti tissue factor antibody allowing only one run which 

was performed before we had optimised prostasome purification and thus was performed 

on vasectomised semen samples. Unfortunately processing was not successful on this 

occasion due to the liquid nature of the samples which dissolved. 

3.3 Results. 

In whole semen scattered vesicles both with and without granular content and in the size 

range 100 -400nm were present (fig 3.1). We presume these to be prostasomes. The bi­

layer membrane architecture is clearly visible on high magnification. (fig 3.2 & 3.3). 
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When the pellet (pellet 2) of ultra-centrifuged seminal plasma was examined under low 

power there were densely packed prostasomes again showing a bi-layered membrane (fig. 

3.4). 

Figure 3.1 

TEM of prost as ames in whole semen x 40 000. 
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Figure 3.2 

High power TEM of light prostasomes x 80 000. 
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Figure 3.3 

High power TEM of dark prostasomes x 80 000. 
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Figure 3.4 

TEM of purified seminal prostasomes x 40 000. 
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3.4 Discussion 

The scanty distribution of prostasomes in native semen may be a true reflection of their 

density in whole semen, or artifactual due to processing. The results of TEM on native 

prostasomes has not been previously described in the literature. Our preparation schedule 

may have decreased the apparent concentration of prostasomes. Preparing liquid samples 

for TEM is more difficult than solid samples. In our method whole semen was mixed 

with fixative then centrifuged to embedded it into an alginate drop at the bottom of an 

epindorftube. The alginate/specimen gel was then set. It is possible that the 

centrifugation excluded prostasomes, although one would hope with a short gentle spin 

the sample would embed into the alginate en masse. 

TEM in combination with the APTT and aminopeptidase assay confirmed that our 

prostasome purification technique was sound. Other (biochemically non prostasome 

containing) fractions of the Superdex column were examined using TEM to exclude the 

presence of prostasomes. However as previously mentioned TEM of clear liquid is 

difficult and TEM of clear non prostasome containing Superdex fractions revealed no 

particulate mater, only the alginate was seen. We can not exclude small particulate matter 

in these fractions as they might not have been embedded into the alginate during 

preparation and thus lost in the supernatant. Given the biochemical evidence it is 

reasonable to conclude that prostasomes only occur in the previously mentioned fractions 

from the Superdex column. 

Unfortunately immunolabelling prostasome bound tissue factor with anti tissue factor 

antibodies did not succeed due to technical difficulties and could not be repeated for 

reasons of cost and time. Previous studies suggest that the anti coagulant activity of 

semen is due to tissue factor that is prostasome-bound. (Fernandez 1997). However there 

is evidence (Lwaleed 2003) that active seminal tissue factor may be both prostasome 

bound and free. 
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Chapter 4 

Purification 
& 

Biochemical Properties of 
Prostasomes 
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4.1. Aims 

To reliably and consistently purify prostasomes from human semen for use in later 

research. To confirm the presence of purified prostasomes by means of aminopeptidase 

assay and APTT assay. To quantify the protein concentration of purified prostasomes and 

to study the effects of freeze thawing at various stages of the purification process as it 

was most practical to freeze semen and purified prostasomes to allow more efficient 

batch wise processing. 

4.2. Introduction 

4.2.1 CD13 (Aminopeptidase) 

Prostasomal CD13 (Aminopeptidase: 150Kdaltons) a zinc dependent proteolytic enzyme 

has been found to be a useful marker of prostasomes. (Laurell 1982). Thus an 

aminopeptidase asay was used to detect the prostasome containing fraction from gel 

filtration of ultra-centrifuged seminal plasma. 

4.2.2 Prostasome bound tissue factor 

The pro-coagulant activity of seminal serum when added to human blood plasma was 

first described in 1942. (Huggins 1942). In 1997 Fernandez et al demonstrated that this 

effect was due to prostasome bound tissue factor. We therefore used an APTT assay to 

detect pro-coagulant activity in purified seminal prostasomes to further detect the 

prostasome containing fractions produced from gel filtration. 

4.3 Methods 

Prostasomes were prepared as described in chapter 2. Electron microscopy, 

aminopeptidase assay, APPT assay, Bradford assay and gel filtration were all performed 

as previously described. 
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4.3.1 Effects of freezing 

Prostasomes were produced from; 

a) Fresh semen 

b) Frozen semen 

The results of the aminopeptidase, APTT and Bradford dye assays were compared to 

investigate the effects of a freeze thaw cycle. In addition prepared prostasomes were 

frozen and the results of aminopeptidase assay, Bradford assay and gel electrophoresis 

compared. 

4.3.2 Gel filtration 

2-D gel electrophoresis was performed on purified seminal prostasomes, other non­

prostasome containing fractions from the column and the supernatant II. 

4.4 Results 

Prostasomes were reliably prepared from vasectomised semen. The tests to confinn their 

presence are reported below. Multiple batches of independently purified prostasomes 

were created from different samples of pooled semen. Results were virtually identical 

between different batches of purified prostasomes. All charts thus represent the results of 

a typical batch of prostasomes. 

4.4.1 Ultra-centrifugation 

Supernatant 1 was a clear straw coloured liquid. Ultra-centrifugation of seminal plasma 

(supernatant 1) produced a small solid pellet (pellet 2) that was quite difficult to re­

suspend. The volume of PBS used to re-suspend pellet 2 was kept to a minimum to 

prevent diluting the prostasomes. 

4.4.2 Gel filtration 

Consistently fractions 21-24 from the Superdex 200 gel column filtrate were turbid and 

contained the peak UV absorbance. (Figure 4.1). All other fractions were clear. A second 

much smaller peak ofUV absorbance was noted, occurring in fractions 52-53. 

76 



4.4.3 Electron microscopy 

Electron microscopy of fractions 21-24 confirmed the presence of prostasomes. They 

were absent in the other fractions examined. (Chapter 3). 

Figure 4.1 Typical UV absorbance of the Superdex 200 fractions at 280nm 
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4.4.4 Aminopeptidase assay 

The aminopeptidase activity was maximal in the fractions with maximal UV absorbance. 

The results were similar for both substrates used, L-Leucine-p-Nitroanilide (figure 4.2) 

and L-Alanine-p-Nitroanilide (figure 4.3). Figure 4.4 shows maximal aminopeptidase 

activity occurring after approximately 20 minutes. 

Figure 4.2 Typical aminopeptidase activity (L-Leucine-p-Nitroanilide) of the 

Superdex 200 fractions produced from resuspended pellet II 
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Figure 4.3 Typical aminopeptidase activity (L-Alanine p-Nitroanilide Substrate) of 

the Superdex 200 fractions produced from resuspended pellet II. 
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Figure 4.4 Prostasomal aminopeptidase activity. (L-Leucine-p-Nitroanilide). 
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4.4.5 APTT assay 

Maximum procoagulant activity occurred in the prostasome containing fractions 

produced from gel filtration of ultracentrifuged seminal plasma as indicated by a low 

APTT. (Figure 4.5). 
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Figure 4.5 Procoagulant activity of the superdex 200 fractions as 
measured by APTT assay 
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4.4.6 Bradford assay 

Using the Bradford assay the protein concentration of our prostasome solution was 

consistently estimated to be close to 0.3mg/ml. This result was the same for prostasomes 

obtained using fresh and frozen semen. 

4.4.7 Gel electrophoresis 

The results of protein electrophoresis are shown in figure 4.6. At least 20 bands of 

varying density were apparent. 

4.4.8 Effects of freezing semen 

The UV absorbance characteristics obtained from the gel filtration fractions of ultra­

centrifuged seminal plasma was similar using fresh semen or thawed semen as were the 

results of the aminopeptidase and APTT assays. Gel electrophoresis ofprostasomes 

produced from fresh semen revealed identical bands to prostasomes produced from 

frozen semen. (Figure 4.6) 
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Figure 4.6: 2-D SDS PAGE gel electrophoresis of prostasomes 

a; Protein standard. b; Using fresh pooled semen and freshly prepared prostasomes. c; 

Using thawed frozen semen and freshly prepared prostasomes. d; Using thawed frozen 

semen and thawed frozen prostasome preparation. 
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4.4.9 Effects of freezing prostasomes 

Aminopeptidase activity was virtually identical in freshly produced and thawed 

prostasome samples. The APTT assay was only undertaken using thawed prostasome 

samples. Freezing and thawing prostasomes did not produce any obvious new bands on 

gel electrophoresis. 

4.5 Discussion 

Prostasomes were successfully isolated from semen obtained from post vasectomy 

specimens. Frozen semen appeared to be a satisfactory source for prostasome production 

as prostasomes produced from fresh and thawed semen had similar characteristics in the 

assays performed. The presence of prostasomes was confirmed by electron microscopy, 

amino peptidase assay and APTT assay. Freezing and thawing prostasomes did not 

appear to alter their function. The results of the aminopeptidase assay were virtually 

identical when different batches of prostasomes were analysed. 

Prostasomes can be isolated from a variety of sources, normal semen, infertile semen, 

vasectomised semen, prostate tissue (Fernandez 1997), prostatic massage, prostate cell 

culture and prostate cancer bone metastasis. (Carlsson 2003). Carlsson 2003 

demonstrated that prostasomes isolated from semen, prostate bone cancer metastasis and 

prostatic tissue were similar in terms of size, biochemical and functional properties. It is 

not clear from the methods stated whether native semen was from vasectomised or non 

vasectomised men. Vasectomised semen is obviously not contaminated with spermatozoa 

and other debris and secretion from the testis and epididymis and is arguably therefore a 

preferred source of prostasomes when studying the role of prostasomes in prostatic 

disease. Thus we decided to use vasectomised semen specimens. Whether or not 

prostasomes in non-vasectomised semen have the same properties as those from 

vasectomised semen is a question that remains unanswered. 

The most marked procoagulant activity as detected by a low APTT was seen in the 

prostasome containing fractions from the Superdex 200 column. Variable procoagulant 
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activity was seen in the other fractions with activity matching the second peak seen on 

spectrophotometry. 

Tissue factor is the main physiological initiator of normal blood coagulation. (Guha 1986, 

Kang 1988, Bach 1988). Prostasome bound tissue factor is believed to be responsible for 

the procoagulant activities in human semen. (Fernandez 1997). Semen liquefaction is 

required for successful delivery and transit of semen in the female genital tract. (Pauber 

1976, Mandai 1986). Pro coagulant activity is also believed to prevent bleeding and 

spread of haematogenous infection at sites of abrasion within the female genital tract. 

(Fernandez 1997). 

The procoagulant activity seen in the prostasome containing fractions is arguably due to 

prostasome bound tissue factor. The variable level of pro coagulant activity in the other 

fractions may be due to free tissue factor or other coagulation triggering factors. The 

presence of free tissue factor in the supernatant of ultracentrifuged seminal plasma has 

been described by (Lwaleed 2003). Our findings support this. Indeed Lwaleed et al found 

that seminal tissue factor expression was inversely related to fertility, possibly due to 

abnormal semen liquefaction and capacitance (Lwaleed 2004 & 2006). 

Histological preparation of prostate tissue shows tissue factor antigen on normal cells but 

it is absent on malignant cells. (Callander 1992). 
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Chapter 5 

Anti-Prostasome Antibodies in 

Prostate Cancer 
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5.1 Introduction 

Prostate cancer cells generate prostasomes (Nilsson 1999) as do prostate cancer 

metastasis (Carlsson 2003). Antibodies to prostasomes have been detected in the serum 

of patients with prostate cancer. A pilot study by Nilsson et al using an enzyme linked 

immunosorbent assay (ELISA) demonstrated markedly raised serum levels of antibodies 

to prostasomes in 13 patients with prostate cancer (Nilsson 2001). The patients in this 

study were a heterogeneous group of prostate cancer patients with serum PSA between 

50-500mcg/1. The healthy control subjects (n=39, men and women) with normal PSA 

values had background levels only and there was no overlap between control and cancer 

group. The metastatic status of the patients in this study was not recorded although with 

PSA values greater than 50 extra-prostatic and metastatic disease is likely (Partin 1993). 

Nilsson postulates that only in metastatic or locally invasive prostate cancer should 

prostasomes escape into the vascular and lymphatic systems thus inducing antibody 

production thus Nilsson suggested that anti prostasome antibodies (APA) could be a new 

marker for prostate cancer and that AP A might be specific to metastatic disease. If true, 

this would have great clinical ramifications not only as a prognostic marker but also on 

the natural history of the disease. Serum prostate specific antigen (PSA) is currently the 

best tumour marker available for prostate cancer. However it does have its limitations, it 

is relatively non specific test for prostate cancer and further investigations are required to 

confirm the diagnosis and metastatic status. 

If true, the role of AP A as a new marker for metastatic prostate cancer would be of great 

potential clinical significance. 

5.2 Aims 

The aim of this pilot study was to assess the presence of antibodies to prostasomes in 

patients with prostate cancer, and determine the associations, if any, between antibodies 

to prostasomes and the aetiology and progression of this prevalent disease. 
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5.3 Specific methods 

5.3.1 Prostasome preparation 

Prostasomes were prepared from pooled vasectomised semen as described in chapter 2. 

5.3.2 Sample collections 

Ethical committee approval was granted for the study by the Southampton and South 

West Hampshire Local Research Ethics Committee, UK (submission number 045/03/w). 

Informed consent was sought from all SUbjects. Blood specimens were obtained from 

healthy volunteers (7 males, mean age 32 years, range 29-35) and patients with prostate 

cancer (22 males, mean age 74, range 59-86). The cancer patients were a heterogeneous 

group with a PSA range between <0.06-520 ng/ml and Gleason score range of 3-9 (Table 

5.1). Blood samples were spun at 9,000g for 10 minutes at room temperature. Serum 

specimens were immediately obtained and stored at -noc for batch-wise ELISA 

analysis. 

5.3.3 Serum AP A 

Serum AP A were assayed using an ELISA as described by Nilsson et al 2001 and 

Carlsson et al 2004. In principal, 96 well microplates (Nunc Polysorp Immunoplates) 

were coated with prostasomes in sodium carbonate coating buffer (pH 9.6) and incubated 

for 2 hours at 37°C then washed with sodium carbonate buffer. To block non-specific 

binding 3% bovine serum albumin was added into each well and plates incubated at 37°C 

for 1 hour. This was followed by 3 washes with PBS in 0.1 % TWEEN. Test serum (1:50 

diluted in PBS) was added and plates incubated for a further 90 minutes at 37°C. 

(Negative controls were performed by adding PBS without test serum). Plates were then 

washed and an anti-human IgG peroxidase conjugated antibody (1:30,000 dilution; 

Sigma, Poole, UK) added. Plates were then incubated in the dark for 30 minutes at room 

temperature, then washed twice with PBS/TWEEN and then once with PBS alone. 

Orthophenylene Diamine Dihydrochloride (Sigma Fast TM, Poole, UK) was added for 15 

minutes and the reaction stopped with 0.5% sulphuric acid. The absorbance values were 

then read at 490nm. Wells were duplicated; the ELISA was performed twice, with 
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independently pooled and purified prostasomes. Results were consistent between 

prostasome batches. 

5.3.4 Serum PSA 

Prostate specific antigen was measured in fresh serum using the IMxR PSA assay system 

according to the manufacturer's instructions (Abbott Laboratories, USA). Prostate cancer 

patients PSA levels at diagnosis were obtained from their medical notes. 

5.3.5 Statistical analysis 

Results were entered in a database and analyzed by the STATGRAPHICS™ statistical 

software system. Data were not normally distributed, so summary statistics are expressed 

as medians and inter-quartile ranges (IQR). The median value is the 50th centile. The 25th 

and 75th percentiles of the data specify the values covered by the IQR. Differences 

between two groups were assessed by Mann-Whitney U -Test. The PSA values were log­

transformed and correlations were determined using Spearman's Rank Correlation Test. 

P<O.05 was considered to be statistically significant. 
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Table 5.1: Patient characteristics and ELISA absorbency values. 

ELISA = Enzyme linked immunosorbent assay. PSA = Prostate specific antigen. TUrp = Transurethral incision of the prostate. TURP = Transurethral resection 
of the prostate. 
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5.4 Results 

5.4.1 Antiprostasome antibody levels 

Details of the patients with prostate cancer used in this study are shown in table 5.1. All 

subjects tested had variable levels of binding ofIgG antibodies to prostasomes. (Figure 

5.1). There were a number of individuals with markedly raised levels of anti-prostasome 

antibodies, among these a healthy male control subject. The absorbance interval values 

for the prostate cancer patients were 0.10 - 0.93 (median 0.23, IQR 0.15-0.34) and those 

for the control group were 0.14 - 0.81 (median 0.21, IQR 0.16-0.42). Statistically there 

was no significant difference in anti-prostasome antibody occurrence between the control 

group and prostate cancer patient group. (p=0.7379). Background readings from control 

wells were minimal. 

5.4.2 Correlation of AP A and PSA 

In patients with prostate cancer, anti-prostasome antibodies were inversely and 

significantly correlated to log-PSA levels (r = -0.5; p= 0.04, Figure 5.2). Four prostate 

cancer patients with the most markedly raised antibody levels were all being successfully 

treated with hormonal androgen ablation with very low or undetectable PSA levels. 

When PSA at diagnosis is considered there is no correlation. (r = - 0.05 p= 0.83, Figure 

5.3). 
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Figure 5.1: Serum anti-prostasome antibodies in normal controls and patients with 

prostate cancer. Results are shown as median and inter-quartile ranges (IQR). The bottom 

and top ofthe "box" represents the 25th and 75th centile, while the line within the box 

represents the median value. Binding of AP A to prostasomes is measured by the UV 

absorbance at 490nm 
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Figure 5.2: Correlation between anti-prostasome antibody and log-prostate specific 

antigen. Binding of AP A to prostasomes is measured by the UV absorbance at 490nm 
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Figure 5.3: Correlation between anti-prostasome antibody and log-prostate specific 

antigen at diagnosis 
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5.4.3 The relationship between AP A and age 

There was no correlation between age and AP A levels . Correlation coefficient (r) = 

0.1882 (Pearson), p=OA. Figure 5A. 
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Figure 5.4: Correlation between AP A and patient age 
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5.4.4 AP A and Gleason score 

There was a trend for anti-prostasome antibody levels being associated with poorly 

differentiated high Gleason grade prostate cancer. However the correlation was not 

significant. Correlation coefficient (r) = 0.3418, P= 0.1294. Figure 5.5. 
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Figure 5.5: Correlation between AP A and Gleason score 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

• 
0.3 

0.2 

• • 
0.1 

• 

• 

• 
• • 

• 

• 
• 

• 
• • 

• 

• 

• 
• 

• 

• 

O ~------~------~------~------~------~------~------~------~ 
2 4 6 10 

Gleason score 

5.4.5 AP A and disease duration 

There was no significant correlation between duration of disease and AP A levels . (r = -

0.06822 P = 0.7629). Figure 5.6. 

96 



Figure 5.6: AP A and disease duration . 

~ 
~ 

e 

0.9 

0.8 

0,-.. 
~ e 0.7 

~ = E ~ 0.6 
Q.,-:r 
o ~ _ ~ 0.5 

-< = ~ eo: 
-< of 0.4 
~ 0 
o "-' 
bJ).Q = -< 0.3 . ... '-' 
-e = 0.2 

• 

• 

• 
• ~ • • 

0.1 • 

• 

• 

• • • • 

• • .. 
• 

• 
• • 

O ~------~--------~--------~------~--------~--------~------~ 
20 40 60 80 100 120 140 

Disease duration. (Months). 

5.4.6 Metastasis & anti-prostasome antibodies 

Patients with metastatic disease had lower levels of AP A (n=4; median=0.15 ; IQR=0.12-

0.25) compared to those without (n=18: median=0.3 ; IQR=0.2-0.34) however the 

difference was not significant (p= 0.095) in part due to the low number of patients with 

confinned metastasis. 
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5.4.7 The effect of hormonal androgen ablation treatment on AP A levels 

Patients being successfully treated with hormonal androgen ablation with low or 

undetectable PSA levels, had higher APA levels (n=15; median=0.3; IQR=O.l4-0.48) 

compared to those not on hormonal treatment (n=7; median=O.l7; IQR=O.l7-0.27). 

However the difference between the two groups was not statistically significant. 

(p=0.44). 

5.4.8 Prostatic Surgery & Anti-prostasome antibodies 

There was no association between previous prostatic surgery and AP A occurrence. 

(p=0.5344). 

5.4.9 Prostatic Radiotherapy & Anti-prostasome antibodies 

There was no association between previous prostate radiotherapy and AP A occurrence. 

(p=0.236). 

5.5 Discussion 

The presence of anti-prostasome antibodies has previously been shown to occur in 

patients with metastatic prostate cancer (Nilsson 2001, Larsson 2006). As a result it has 

been suggested that AP A could be a marker of prostate cancer and perhaps a specific 

marker of metastatic prostate tumours (Nilsson 2001, Larsson 2006). Nilsson et al found 

raised levels of AP A in 13 patients with prostate cancer and serum PSA between 50-

500mcg/1 (Nilsson 2001). The healthy control subjects (n=39) with normal PSA values 

had background levels only and there was no overlap between control and cancer groups. 

The metastatic status of these patients was not recorded, however with PSA values of 

greater than 50 extra-prostatic and metastatic disease was likely. Nilsson et al postulated 

that only in metastatic or locally invasive prostate cancer should prostasomes escape into 

the vascular and lymphatic systems thus inducing antibody production. (Nilsson 2001). 

Due to the potential clinical significance of such a finding the present study was 

undertaken. However, the current results are not in agreement with previously published 
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reports on serum AP A (Nilsson 2001). This study found quantifiable levels of serum 

APA in both healthy controls and prostate cancer patients. This discrepancy might be due 

to the different source of prostasomes used as the primary antigen for the ELISA assay. 

In Nilsson's study prostasomes were prepared from "prostatic tissue" while in this study 

prostasomes were prepared from vasectomized semen specimens as described above. The 

source of prostatic tissue in Nilsson's study was not clearly stated. One can assume 

however, that human prostatic tissue was either obtained from radical prostatectomy 

specimens, transurethral prostate resection (TURP) specimens or trans-rectal prostatic 

biopsy specimens. Carlsson et al 2003, reported the preparation of prostasomes from 

human prostate obtained from radical cysto-prostatectomy for transitional cell carcinoma 

of the bladder. This would seem the most likely source, as the prostate should not have 

any malignant disease within it, not have diathermy artefact (caused by TURP) and be a 

good size specimen (needle biopsies are very small). Inevitably, prostate derived from 

radical cystoprostatectomy would have evidence of benign enlargement. The source of 

our prostasomes for use in this ELISA was from semen of healthy young men who had 

recently had vasectomies. We assumed that these prostasomes were in no way 

structurally altered by prostatic disease of any kind. 

The fact that Nilsson's group chose prostatic tissue as a source of prostasomes for this 

experiment is intriguing and raises the possibility that prostasomes obtained from 

different sources might be different and in particular express different proteins that are 

antigenic to AP A. There might be differences in prostasome behaviour and protein 

expression between individuals. Indeed prostasomal proteins might vary according to 

prostatic disease state or stage of physiological development (Utleg 2004). 

As mentioned above, in our hands, AP A occur in varying degrees in healthy controls and 

in patients with prostate cancer alike. The AP A were not related to age or time since 

diagnosis and we observed no association between AP A and other markers of prostatic 

disease progression such as metastatic status or Gleason histological score. Anti­

prostasome antibodies were also inversely and significantly correlated with serum PSA 

(r=-0.5; n=22; P=0.04; Figure 3). Furthermore, our finding of markedly raised serum 
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AP A in patients with hormone sensitive prostate cancer being successfully treated with 

androgen ablative hormonal therapies, with a very low or undetectable PSA levels, rather 

contradicts the evidence that prostasome secretion is an androgen dependant process. 

(Stegmayr 1980 & Ronquist 1984). However from our results, one cannot determine at 

what stage of disease progression AP A appear or whether prostasomal secretion from 

primary or metastatic tumour can occur independently of androgen stimulation. 

In our control group, one subject, a healthy 28-year-old male with no history of prostatic 

disease had markedly raised levels of serum anti-prostasome antibodies. Anti sperm 

antibodies (ASA) are known to be associated with infertility in men and women and 

prostasomes have been shown to be antigenic for ASA. (Allegrucci 2001, Carlsson 2004 

a & b). This does raise the possibility that the elevated antibody titre in this subj ect might 

be related to his infertility status. Indeed Carlsson (2004) has demonstrated the use of an 

ELISA based on anti-prostasome antibodies as a new test for immunoinfertile patients 

with raised ASA. Unfortunately, we have not been able to test the fertility profile of our 

control subject with raised anti-prostasome antibodies for ethical reasons. 

Recent work by Carlsson 2000, suggests that prostasomes have a growth inhibitory effect 

on prostatic cancer cell lines in culture with the effect being most marked with DU 145 

cells. We have work in progress specifically looking at the effects ofprostasomes on 

various aspects of tumour development in vitro. (Delves & Stewart et aI2005). One 

might expect that ifprostasomes protect spenn in the female genital tract (Fernandez 

1997) they might also modulate the effects of host immune response during malignant 

transformation of prostatic epithelium. A recent review by Ronquist & Nilsson 2004, 

suggested that having assisted sperm survival and the acrosome reaction, prostasomes 

immunosuppressive and anti-complementary activity is actually harmful to the prostatic 

epithelium, favouring neoplastic malignant transformation. 

Due to the large number of prostasome membrane proteins further investigation would be 

useful to determine whether prostasomal protein phenotype is disease specific and to 

further characterise the antigenic target(s) against which serum anti-prostasomal 
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antibodies are directed. Schrimph et al1999 identified Dipetidyl Peptidase IV (CD26) as 

the antigen of a monoclonal antiprostasome antibody developed in mice, but 

experimental immunogenicity in a different species is far removed from autoimmunity. 

A further interesting aspect of AP A, is that for them to occur prostasomes must be 

leaking out of their normal luminal domain. Prostate cancer cells generate prostasome 

like granules (Nilsson 1999) as do prostate cancer metastases (Carlsson 2003, Sahlen 

2004). Once in the intercellular matrix there are the possibilities for their associated 

proteins to affect the course of whatever pathological process caused their presence there. 

Indeed the possibility of immuno modulation with AP A has been suggested. (Nilsson 

2001, Morris 2000 & Catalona 1980). 

In summary, both normal healthy individuals and patients with prostate cancer have 

quantifiable levels of anti-prostasome antibodies in their serum. This finding does not 

seem to agree with previously published reports. Thus the role of anti-prostasome 

antibodies as a diagnostic and/or prognostic marker for prostate cancer is currently 

doubtful. However, the immune reactions to prostasomes might be of rather considerable 

interest and work in our laboratories is continuing to further identify the role of 

prostasomes in the biology of prostatic disease and in the context of fertility. 
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Appendix 

1. Patient Consent Form. 

2. Patient Information Sheet. 
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Department Of Urology Research, 
Mail Point 67, E-Level, West Wing, 

Southampton General Hospital, 
Tremona Road, 

Southampton, 
S0166YD. 

Tel 02380 796838 
Patient Identification Number for this trial: 

CONSENT FORM 
Title of Project: 

Studies on prostasomes in prostate disease. 

Name of Researcher: Mr Alistair Stewart. MRCS. Urology Research Fellow. 

Please initial box 

1. I confirm that I have read and understand the information sheet 
dated 03/03 (version 2) for the above study and have had the 
opportunity to ask questions. 

2. I understand that my participation is voluntary and that I am free to 
withdraw at any time, without giving any reason, without my medical 
care or legal rights being affected. 

3. I understand that sections of my medical notes may be looked at 
by the urology research team. I give permission for these individuals 
to have access to my records. 

4. I agree to take part in the above study. 

Name of Patient 

Name of Person taking consent 
(if different from researcher) 

Researcher 

1 for patient, 1 for researcher 

Date 

Date Signature 

Date Signature 

Signature 

D 
D 
D 
D 

Version 2.03/03. LREC No 045/03/w. 
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Department Of Urology Research 
Mail Point 67, E-Level, West Wing, 

Southampton General Hospital, 
Tremona Road, 

Southampton, 
SOl66YD. 

Tel 02380 796838 

Patient Information Sheet. 

Study Title. 
Studies on prostasomes in prostate disease. 

In troduction. 
You are being invited to take part in a research study. Before you decide it is important for you to 
understand why the research is being done and what it will involve. Please take time to read the 
following information carefully and discuss it with others if you wish. Ask if there is anything that is 
not clear or if you would like more information. Take time to decide whether or not you wish to take 
part. 

Thank you for reading this. 

What is the purpose of this study? 
Prostasomes are particles formed by the prostate gland. Not much is known about their exact 
function. We believe they may play a role in diseases of the prostate and would like to 
investigate this further. 

Why have I been chosen and what will happen to me if I take part? 

You will have been asked to take part in this study because you belong to one of the groups 
below. 

a) You have recently had a vasectomy. We would like to use your semen sample after the 
routine sperm count analysis. We will use it to obtain normal prostasomes, then discard it. 

Or 
b) You are attending urology outpatients with a prostate problem. We would like to take a sample of 

your blood to test for antibodies to prostasomes. 
Or 

c) You are attending urology outpatients with a non prostate related problem. We would like a 
sample of your blood as a control (comparison). 

We only require a semen or blood sample on this one occasion. No extra hospital visits are required as 
a result of this study. 

Version 2.03/03. LREC No 045/03/w 
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Do I have to take part? 
It is up to you to decide whether or not to take part. If you decide to take part you will be given this 
information sheet to keep and be asked to sign a consent form. If you decide to take part you are still 
free to withdraw at any time and without giving a reason. A decision to withdraw at any time, or a 
decision not to take part, will not effect the standard of care you receive. 

What do I have to do? 
If you are willing to take part in this research we require you to sign a consent form then 
donate either a blood or semen sample. 

What are the possible benefits of taking part? 
There is no intended clinical benefit for patients taking part in this research at present. The information 
we get from this study will help us to understand the role of prostasomes in prostate disease. In the 
future this might lead to clinical benefits. 

Will my taking part in this study be kept confidential? 
In accordance with the data protection act 1998, all information which is collected about you 
during the course of this research will be kept strictly confidential and will have your name 
and address removed so that you cannot be recognised from it. Your GP will not be infonned 
about your participation in this research. 

What will happen to the results of the research? 
We aim to publish the results of this research in a medical journal. Copies can be obtained 
from us in the future if required. You will not be identified in any publication. 

Who is organising and funding the research? 
This research is being organised by the Urology Research Team at Southampton University 
Hospitals NHS Trust. No payment is being made to patient or doctors. 

Who has reviewed the study? 
This study has been reviewed by the Southampton & SouthWest Hampshire Local 

Research Ethics Committee. 

Contact for further information: 
If you have any questions about this study please contact: 

Mr Alistair Stewart. BM.MRCS. Urology Research Fellow. 
Tel: 02380 796838. 

Thank you for taking part in this study! Please keep this sheet and a copy of the consent form 
for your information. 

Version 2.03/03. LREC No 045/03/w 

104 



References. 

Abdulkadir SA, Carvalhal GF, Kalem Z , Kisiel W, Humphrey PA, Catalona WJ and 

Milbrandt J. Tissue factor expression and angiogenesis in human prostate carcinoma. 

Hum Pathol. 2000;31(4):443-447. 

Abrahamsson PA, Cockett AT, di Sant'Agnese PA. Prognostic significance of 

neuroendocrine differentiation in clinically-localised prostatic cancer. Prostate Suppl. 

1998;8:37-42. 

Abrahamsson PA, d'Sant'Agnese PA. Neuroendocrine cells in the human prostate gland. 

J. Androl. 1993;14:307-309. 

Abrahamsson PA. Neuroendocrine differentiation in prostatic carcinoma. Prostate. 1999; 

39(2): 135-148. 

Adamson AS, Luckert P, Pollard M, Snell ME, Amirkhosravi M, Francis JL. 

Procoagulant activity may be a marker of the malignant phenotype in experimental 

prostate cancer. Br J Cancer. 1994;69(2):286-290. 

Adlercreutz H, Markkanen H, Watanabe S. Plasma concentrations ofphytoestrogens in 

Japanese men. Lancet. 1993;342:1209-1210. 

Allegrucci C, Ronquist G, Nilsson BO, Carlsson L, Lundqvist M, Minelli A, Larsson A. 

Circulating human antisperm antibodies recognise prostasomes. Am J Reprod Immunol. 

2001;46:211-219. 

Andersson S, Berman DM, Jenkins EP, Russell DW: Deletion of steroid 5 alpha­

reductase 2 gene in male pseudohermaphroditism. Nature. 1991;354(6349): 159-161. 

105 



Arienti G, Carlini E, Nicolucci A, Cosmi EV, Santi F, Palmerini CA. The motility of 

human spermatozoa as influenced by prostasomes at various pH levels. BioI Cell. 

1999;91(1 ):51-4. 

Arienti G, Carlini E, Polci A, Cosmi EV, Palmerini CA. Fatty acid pattern of human 

prostasome lipid. Arch Biochem Biophys. 1998;358(2):391-5. 

Arienti G, Carlini E, Saccardi C, Palmerini CA. Nitric oxide and fusion with prostasomes 

increase cytosolic calcium in progesterone-stimulated sperm. Arch Biochem Biophys. 

2002;402(2):255-8. 

Arvidson G, Ronquist G, Wikander G, Ojteg AC. Biochim Biophys Acta. 1989;984:167-

173. 

Ayala AG, Ro JY, Babaian R, Troncoso P, Grignon DJ. The prostatic capsule: Does it 

exist? Its importance in the staging and treatment of prostatic carcinoma. Am J Surg 

Pathol. 1989;13:21-27. 

Babiker AA, Ronquist G, Nilsson UR, Nilsson B. Transfer of prostasomal CD59 to 

CD59-deficient red blood cells results in protection against complement-mediated 

haemolysis. Am J Reprod Immunol. 2002;47(3): 183-92. 

Bach R, Nemerson Y, Konigsberg W. Purification and characterisation of bovine tissue 

factor. J BioI Chern. 1981;256(16):8324-8331. 

Bach R. Initiation of coagulation by tissue factor. CRC Crit Rev Biochem. 1988;23:339-

368. 

Ball JD, Maynard CD. Nuclear imaging in urology. Urol Clin North Am 1979;6:321. 

106 



Bartsch G, Muller H, Rohr H. Light microscopic and stereo10gical analysis of the nonnal 

human prostate and of benign prostatic hyperplasia. J Urol. 1979;122:487-91. 

Benson MC, Whang IS, Olsson CA, McMahon DJ, Cooner WH. Use of prostate specific 

antigen density to enhance predictive value of intennediate levels of serum prostate 

specific antigen. J Uro11992;147:817. 

Berry SJ, Coffey DS, Walsh PC, Ewing LL. The Development of Human Benign 

Prostatic Hyperplasia With Age. J Urol. 1984; 132:474-479. 

Bjork T, Ljungberg B, Piironen T, Abrahamsson PA, Pettersson K, Cockett AT, Lilja H. 

Rapid exponential elimination of free prostate-specific antigen contrasts the slow, 

capacity-limited elimination ofPSA comp1exed to alpha l-antichymotrypsin from serum. 

Urology. 1998;51(1): 57-62. 

Bonkhoff H, Stein U, Remberger K. Multidirectional differentiation in the nonnal, 

hyperplastic and neoplastic human prostate: simultaneous demonstration of cell-specific 

epithelial markers. Hum Pathol. 1994;25 :42-46. 

Bostwick DG. Gleason grading of prostatic needle biopsies. Correlation with grade in 

316 matched prostatectomies. Am J Surg Pathol. 1994; 18:796-803. 

Bova GS, Carter BS, Bussemakers MJ, Emi M, Fujiwara Y, Kyprianou N, Jacobs SC, 

Robinson JC, Epstein n, Walsh PC. Homozygous deletion and frequent allelic loss of 

chromosome 8p2210ci in human prostate cancer. Cancer Res. 1993;53(17):3869-73. 

Boyle P, P Maisonneuve, P Napa1kov. Incidence of prostate cancer will double by the 

year 2030: the argument for. Eur Urol. 1996:29 Supp12:3-9. 

Bradford MM. A rapid and sensitive method for the quantitation of microgram quantities 

of protein utilising the principle of protein-dye binding. Anal Biochem. 1976;72:248-254. 

107 



Brawer MK, Aramburu EA, Chen GL, Preston SD, Ellis Wl The inability of prostate 

specific antigen index to enhance the predictive value of prostate specific antigen in the 

diagnosis of prostatic carcinoma. J Urol. 1993;150:369. 

Brawer MK, Bigler SA, Sohlberg OE, Nagle RB, Lange PH. Significance of prostatic 

intraepithelial neoplasia on prostate needle biopsy. Urology. 1991;38:103-107. 

Brody I, Ronquist G, Gottfries A. Ultrastructural localisation of the prostasome - an 

organelle in human seminal plasma. Ups J Med Sci. 1983;88(2):63-80. 

Brody I. Ronquist G, Gottfries A, Stegmayr B. Abnormal deficiency of both Mg2+ and 

Ca2+ dependent adenosine triphosphatase and secretoery granules and vesicles in human 

seminal plasma. Scand. J Urol Nephrol. 1981;15(2):85-90. 

Broze GJ, Leykam JE, Schwartz BD, Miletich JP. Purification of human brain tissue 

factor. J BioI Chern. 1985;260(20):10917-20. 

Byar DP, Mostofi FK. Veterans Administrative Cooperative Urologic Research Groups: 

Carcinoma of the prostate; prognostic evaluation of certain pathologic features in 208 

radical prostatectomies. Cancer. 1972;30:5-13. 

Cairns P, Okami K, Halachmi S, Halachmi N, Esteller M, Herman JG, Isaacs WB, Bova 

GS, Sidransky D. Frequent inactivation ofPTEN/MMAC1 in primary prostate cancer. 

Cancer Res. 1997;57:4997-5000. 

Callander NS, Varki N, Mohan Rao LV. Immunohistochemical identification of tissue 

factor in solid tumours. Cancer. 1992;70: 1194-1201. 

Carlsson L, Lennartsson L, Nilsson BO, Nilsson S, Ronquist G. Growth Inhibitory Effect 

ofProstasomes on Prostatic Cancer Cell Lines in Culture. Eur Urol. 2000;38;468-474. 

108 



Carlsson L, Nilsson 0, Larsson A, Stridsberg M, Sahlen G, Ronquist G. Characteristics 

of human prostasomes isolated from three different sources. Prostate. 2003;54:322-330. 

Carmeliet P. Angiogenesis in health and disease. Nat Med. 2003;9(6):653-60. 

Carter BS, Beaty TH, Steinberg GD, Childs B, Walsh PC. Mendelian inheritance of 

familial prostate cancer. Proc Natl Acad Sci USA. 1992;89:3367. 

Carter BS, Bova GS, Beaty TH, Steinberg GD, Childs B, Isaacs WB, Walsh PC. 

Hereditary prostate cancer: epidemiologic and clinical features. J UrolI993;150:797. 

Carter BS, Ewing CM, Ward WS, Treiger BF, Aalders TW, Schalken JA, Epstein n, 
Isaacs WB. Allelic loss of chromosomes 16q and 10q in human prostate cancer. Proc Natl 

Acad Sci USA. 1990;87(22):8751-5. 

Carter HB, Hamper UM, Sheth S, Sanders RC, Epstein n, Walsh PC. Evaluation of 

transrectal ultrasound in the diagnosis of prostate cancer. J Urol. 1989;142:1008. 

Carter HB, Pearson JD, Metter EJ, Chan DW, Andres R, Fozard JL, Rosner W, Walsh 

PC. Longitudinal evaluation of prostate specific antigen levels in men with and without 

prostate disease. JAMA 1992;267:2215-20. 

Carter HB, Pearson JD, Waclawiw Z, Metter EJ, Chan DW, Guess HA, Walsh PC. 

Prostate-specific antigen variability in men without prostate cancer: The effect of 

sampling interval and number of repeat measurements on prostate-specific antigen 

velocity. Urology. 1995;45:591-596. 

Cataloma WJ. Immunobiology of carcinoma of the prostate. Invest Urol. 1980;17:373-

377. 

109 



Catalona WJ, Partin AW, Slawin KM, Brawer MK, Flanigan RC, Patel A, Richie JP, 

deKernion JB, Walsh PC, Scardino PT, Lange PH, Subong EN, Parson RE, Gasior GH, 

Loveland KG, Southwick Pc. 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. 1998;279: 1542-1547. 

Catalona WJ, Richie JP, deKernion JB, Ahmann FR, RatliffTL, Dalkin BL, Kavoussi 

LR, MacFarlane MT, Southwick PC. Comparison of digital rectal examination and serum 

PSA in the early detection of prostate cancer: Results of a multicentre trial of 6630 men. J 

Urol1994;151:1283-1290. 

Catalona WJ, Stein AJ, Fair WR. Grading errors in prostatic needle biopsies: relation to 

the accuracy of tumour grade in predicting pelvic lymph node metastases. J. Urol. 

1982;127:919-922. 

Chodak GW, Thisted RA, Gerber GS, Johansson JE, Adolfsson J, Jones GW, Chisholm 

GD, Moskovitz B, Livne PM, Warner J. Results of conservative management of 

clinically localized prostate cancer. N Engl J Med 1994;330:242-248. 

Christens son A, Bjork T, Nilsson 0, Dahlen U, Matikainen MT, Cockett AT, 

Abrahamsson PA, Lilja H. Serum prostate-specific antigen complexed to alpha1-

antichymotrypsin as an indicator of prostate cancer. J Urol. 1993; 150: 100-105. 

Chybowski FM, Larson-Keller n, Bergstralh EJ, Oesterling JE. Predicting radio nuclide 

bone scan findings in patients with newly diagnosed untreated prostate cancer: Prostate 

specific antigen is superior to all other clinical parameters. J Urol. 1991;145:313-318. 

Clark LC, Combs GF Jr, Turnbull BW, Slate EH, Chalker DK, Chow J, Davis LS, Glover 

RA, Graham GF, Gross EG, Krongrad A, Lesher JL Jr, Park HK, Sanders BB Jr, Smith 

CL, Taylor JR. Effects of selenium supplementation for cancer prevention in patients 

110 



with carcinoma of the skin. A randomized controlled trial. Nutritional Prevention of 

Cancer Study Group. JAMA. 1996;276(24):1957-63. 

Cohen RJ, Glezerson G, Taylor LF, Grundle HA, Naude JH. The neuroendocrine cell 

population of the human prostate gland. J. Urol. 1993;150:365-368. 

Contrino J, Hair G, Kreutzner DL, Rickles FR. In situ detection of tissue factor in 

vascular endothelial cells: correlation with the malignant phenotype of human breast 

disease. Nat Med. 1996;2:209-215. 

Cooney KA, Wetzel JC, Consolino CM, Wojno KJ. Identification and characterization of 

proximal6q deletions in prostate cancer. Cancer Res. 1996;56(18):4150-3. 

Crawford ED, DeAntoni EP. PSA as a screening test for prostate cancer. Urol Clin North 

Am. 1993;20(4):637-646. 

Cunningham lM, Shan A, Wick MJ, McDonnell SK, Schaid DJ, Tester DJ, Qian J, 

Takahashi S, Jenkins RB, Bostwick DG, Thibodeau SN. Allelic imbalance and 

micro satellite instability in prostatic adenocarcinoma. Cancer Res. 1996;56(19):4475-82. 

Cussenot 0, Villette lM, Cochand-Priollet B, Berthon P. Evaluation and clinical value of 

neuroendocrine differentiation in human prostatic tumours. Prostate suppl. 1998;8:43-51. 

Dalton DL. Elevated serum prostate-specific antigen due to acute bacterial prostatitis. 

Urology. 1989;33:465. 

Davidson D, Bostwick DG, Qian J, Wollan PC, Oesterling JE, Rudders RA, Siroky M, 

Stilmant M. Prostatic intraepithelial neoplasia is a risk factor for adenocarcinoma: 

Predictive accuracy in needle biopsies. J Urol. 1995;154:1295-1299. 

Denmeade SR, Lin XS, Isaacs JT. Role of programmed (apoptotic) cell death during 

111 



the progression and therapy for prostate cancer. Prostate. 1996;28:251-265. 

di Sant'Agnese PA. Neuroendocrine differentiation in carcinoma of the prostate. 

Diagnostic, prognostic, and therapeutic implications. Cancer. 1992;70 (Suppl 1):54-68. 

Dijkman GA, Debruyne FM. Epidemiology of prostate cancer. Eur Urol. 1996;30:281-

295. 

Dukelow WR, Chernoff HN. Primate sperm survival and capacitation in a foreign 

uterine environment. AmJ.Physiol. 1969;216(3):682-686. 

Eagle LR, Yin XY, Brothman AR, Williams BJ, Atkin NB. and Prochownik EY. 

Mutation of the Mxil Gene in Prostate-Cancer. Nature Genetics. 1995;9:249-255. 

Elghany NA, Schumacher MC, Slattery ML. Occupation, cadmium exposure and prostate 

cancer. Epidemiology. 1990; 1: 107 -115. 

Eliason E. Fert.Steril. 1968;19:344-352. 

Ellis WJ, Chetner MP, Preston SD, Brawer MK. Diagnosis of prostatic carcinoma: The 

yield of serum prostate specific antigen, digital rectal examination and transrectal 

ultrasonography. J Urol. 1994;152:1520-1525. 

Emmert-Buck MR, Vocke CD, Pozzatti RO, Duray PH, Jennings SB, Florence CD, 

Zhuang Z, Bostwick DG, Liotta LA, Linehan WM. Allelic loss on chromosome 8p12-21 

in microdissected prostatic intraepithelial neoplasia. Cancer Res. 1995;55(14):2959-62. 

Engel J, Eckel J, Kerr J, Schmidt M, Flirstenberger G, Richter R, Sauer H, Senn HJ, 

Holze1 D. The process of metastasis at ion for breast cancer. Euro J Cancer. 2003;39(12): 

1794-1806. 

112 



Epstein JI, CarMichael MJ, Pizov G, Walsh Pc. Influence of capsular penetration on 

progression following radical prostatectomy: A study of 196 cases with long-term follow­

up. J Urol. 1993;150(1):135-141. 

Epstein n, Pizov G, Walsh PC. Correlation of pathologic findings with progression after 

radical retropubic prostatectomy. Cancer. 1993; 71 : 3 582. 

Erdos EG, Schulz WW, Gafford JT, Defendini R. Neutral metalloendopeptidase in 

human genital tract. Comparison to angiotensin I converting enzyme. Lab Invest. 

1985;52(4):437-447. 

Fabiani R, Johansson L, Lundkvist 0, Ronquist G. Enhanced recruitment of motile 

spermatozoa by prostasome inclusion in swim-up medium. Eur J Obstet Gynecol Reprod 

BioI. 1995;58(2):191-8. 

Fabiani R, Johansson L, Lundkvist 0, Ronquist G. Enhanced recruitment of motile 

spermatozoa by prostasome inclusion in swim-up medium. Hum Reprod. 

1994;9(8): 1485-9. 

Fabiani R, Ronquist G. Association of some hydrolytic enzymes with the prostasome 

membrane and their differential response to detergent and PIPLC treatment. Prostate. 

1995;27:95-101. 

Fabiani R. Functional and biochemical characteristics of human prostasomes. Upsala J 

Med Sci. 1994;99:73-112. 

Fearon ER, Vogelstein B. A genetic model for colorectal tumorigenesis. Cell. 

1990;61(5):759-67. 

Fernandez JA, Heeb MJ, Radtke KP, Griffin JH. Potent blood coagulant activity of 

human semen due to prostasome-bound tissue factor. BioI Reprod. 1997;56(3):757-763. 

113 



Folkman J. Tumour angiogenesis: therapeutic implications. N Engl J Med. 

1971;285: 1182-6. 

Gee WF, Holtgrewe HL, Albertsen PC, Litwin MS, Manyak MJ, O'Leary MP, Painter 

MR. Practice trends in the diagnosis and management of prostate cancer in the United 

States. J Urol. 1995;154(1):207-8. 

Giovannucci E, Ascherio A, Rimm EB, Stamp fer MJ, Colditz GA, Willett We. Intake of 

carotenoids and retinol in relation to risk of prostate cancer. J Nat! Cancer Inst. 

1995;87(23): 1767-76. 

Gleason DF, Mellinger GT. Veterans Administration Cooperative Urological Research 

Group: Prediction of prognosis for prostatic adenocarcinoma by combined histologic 

grading and clinical staging. J Urol1974;111;58-64. 

Glynn RJ, Campion EW, Bouchard GR. and Silbert JE. The Development of Benign 

Prostatic Hyperplasia Among Volunteers in the Normative Aging Study. Am J 

Epidemiol. 1985;121:78-90. 

Gonzales GF. Function of seminal vesicles and their role in male fertility. Asian J 

Androl. 2001;3(4):251-258. 

Greenlee RT, Hill-Harmon MB, Thun T. Cancer Statistics 2001. Ca Cancer J Clin. 2001; 

51(1):15-36. 

Griffiths K, Akaza H, Eaton CL, Etreby ME, Habib F, Lee C, Partin A W, Coffey DS, 

Sciarra F, Steiner G and Tenniswood MP. (1994). Regulation of prostatic growth, In: The 

second international consultation on benign prostatic hyperplasia (BPH). Eds. Crocket, A. 

T. K., Aso, Y., Chatalain, C., Denis, L., Griffiths, K., Khoury, S. & Murphy, G. SCI 

Press, Paris, 49-75. 

114 



Guha A, Bach RR, Konigsberg W, Nemerson Y. Affinity purification of human tissue 

factor. Interaction of factor VII and tissue factor in detergent micelles. Proc Natl Acad 

Sci USA. 1986;83:299-302. 

Guyton AC. Textbook of Medical Physiology. 1991. Eighth Edition. W. B. Saunders 

company. 

Hammerer P, Huland H. Systematic sextant biopsies in 651 patients referred for prostate 

evaluation. J Urol. 1994;151:99-102. 

Hanahan D, Folkman 1. Patterns and emerging mechanisms of the angiogenic switch 

during tumourgenesis. Cell. 1996;86(3):353-364. 

Hankey BF, Feuer EJ, Clegg LX, Hayes RB, Legler 1M, Prorok PC, Ries LA, Merrill 

RM, Kaplan RS. Cancer surveillance series: Interpreting trends in prostate cancer-Part 

I: Evidence of the effects of screening in recent prostate cancer incidence, mortality, and 

survival rates. J Natl Cancer Inst. 1999;91(12):1017-1024. 

Hayes RB, Ziegler RG, Gridley G, Swanson C, Greenberg RS, Swanson GM, 

Schoenberg JB, Silverman DT, Brown LM, Pottern LM, Liff J, Schwartz AG, Fraumeni 

JF Jr, Hoover RN. Dietary factors and risks for prostate cancer among blacks and whites 

in the United States. Cancer Epidemiol Biomarkers Prevo 1999;8(1):25-34. 

Hedley DW. Flow cytometry using paraffin-embedded tissue: five years on. Cytometry. 

1989; 10(3):229-41. 

Home D, Reed K. Transport of Methotrexate into PC-3 Human Prostate Cancer Cells. 

Arch Biochem Biophys. 2001;394(1):39-44. 

Horoszewicz JS, Leong SS, Kawinski E, Karr JP, Rosenthal H, Ming Chu T, Mirand EA, 

Murphy GP. LNCaP of human prostatic carcinoma. Cancer Res. 1983;43:1809-18. 

115 



Hsing A W, Comstock GW, Abbey H, Polk BF. Serologic precursors of cancer. Retinol, 

carotenoids, and tocopherol and risk of prostate cancer. J Nat! Cancer Inst. 

1990;82(11):941-946. 

Huggins C, Hodges CV. Studies on prostatic cancer: The effects of castration, of estrogen 

and of androgen injection on serum phosphatases in metastatic carcinoma of the prostate. 

Cancer Res. 1941; 1 :293-97. 

Huggins C, Neal W. Coagulation and liquefaction of semen. Proteolytic enzymes and 

citrate in prostatic fluid. J Exp Med. 1942;76:527-541. 

Imperato-McGinley J, Gautier T, Zirinsky K, Hom T, Palomo 0, Stein E, Vaughan E.D, 

Markisz JA, de Arellano R, Kazam EJ. Prostate visualization studies in males 

homozygous and heterozygous for 5 alpha-reductase deficiency. Clin Endocrinol Metab. 

1992,75,1022-1026. 

Isaacs JT. Prostatic structure and function in relation to the etiology of prostatic cancer. 

Prostate. 1983;4(4):351-66. 

Jenkins RB, Qian JQ, Lieber MM, Bostwick DG. Detection of c-myc oncogene 

amplification and chromosomal anomalies in metastatic prostatic carcinoma by 

fluorescence in situ hybridization. Cancer Res. 1997;57 :524-531. 

Jewett HJ. The present status of radical prostatectomy for stages A and B prostatic 

cancer. Urol Clin North Am. 1975;2: 105-124. 

Jiang H, Pillai S. Complement regulatory proteins on the sperm surface. Relevance to 

sperm motility. Am J Reprod Immuno!. 1998;39(4):243-248. 

116 



Kaighn ME, Shanker Narayan K, Ohnuki Y, Lechner JF, Jones LW. Establishment and 

characterisation of human prostatic carcinoma cell line (PC 3). Invest Urol. 1979; 17: 16-

23. 

Kang S, Niemetz 1. Purification of human brain tissue factor. Thromb Haemost. 

1988;59:400-403. 

Kelly RW, Holland P, Skibinski G, Harrison C, McMillan L, Hargreave T, James K. 

Extracellular organelles (prostasomes) are immunosuppressive components of human 

semen. Clin Exp Immunol. 1991;86:550-556. 

Kitamura M, Namiki M, Matsumiya K, Tanaka K, Matsumoto M, Hara T, Kiyohara H, 

Okabe M, Okuyama A, Seya T. Membrane cofactor protein (CD46) in seminal plasma is 

a prostasome-bound form with complement regulatory activity and measles virus 

neutralising activity. Immunology. 1995;84(4):626-32. 

Kronz JD, Allan CH, Shaikh AA, Epstein JI. Predicting cancer following a diagnosis of 

high grade prostatic intraepithelial neoplasia on needle biopsy: Data on men with more 

than one follow-up biopsy. Am J Surg Pathol. 2001;25:1079-1085. 

Kunimi K, Bergerheim US, Larsson IL, Ekman P, Collins VP. Allelotyping of human 

prostatic adenocarcinoma. Genomics. 1991; 11 (3): 530-6. 

Landis SH, Murray T, Bolden S, Wingo PA. Cancer statistics, 1999. CA Cancer J Clin. 

1999;49(1 ):6-7. 

Larsson A, Ronquist G, Wulfing C, Eltze E, Bettendorf 0, Carlsson L, Nilsson BO and 

Semjonow A. Antiprostasome antibodies: Possible serum markers for prostate cancer 

metastasizing liability. Urol Oncol. 2006;24(3):195-200. 

117 



Latil A, Cussenot 0, Fournier G Driouch K. and Lidereau R. Loss of heterozygosity at 

chromosome 16q in prostate adenocarcinoma: Identification of three independent regions. 

Cancer Res. 1997;57:1058-1062. 

Laurell CB, Weiber H, Ohlsson K, Rannevik G. A zinc-dependent peptidase in prostatic 

organelles present in seminal plasma. Clinica Chimica Acta. 1982; 126: 161-170. 

Leandri P, Rossignol G, Gautier J-R, Ramon J. Radical retropubic prostatectomy: 

Morbidity and quality of life. Experience with 620 consecutive cases. J Urol 

1992;147:883-887. 

Lee JS, Nam JH, Lee MC, Park CS, Juhng SW. Immunohistochemical panel for 

distinguishing between carcinoma and reactive mesothelial cells in serous effusions. Acta 

Cytologica. 1996;40:631-636. 

Levesque M, Hu H, D'Costa M, Diamandis EP. Prostate-specific antigen expression by 

various tumors. J Clin Lab Anal. 1995;9(2): 123-8. 

Lieberman R, Bermejo C, Akaza H, Greenwald P, Fair W, Thompson I. Progress in 

prostate cancer chemoprevention: modulators of promotion and progression. Urology. 

2001 ;58(6):835-42. 

Lilja H, Christensson A, Dahlen U, Matikainen MT, Nilsson 0, Pettersson K, Lovgren T. 

Prostate-specific antigen in human serum occurs predominantly in complex with alphal­

antichymotrypsin. Clin Chern. 1991;37(9):1618-1625. 

Lilja H, Laurel CB. Liquefaction of coagulated human semen. Scand J Clin Lab Invest. 

1984;44;447-452. 

Lindahl M, Tagesson C, Ronquist G. Phospholipase A2 activity in prostasomes from 

human seminal plasma. Urol Int. 1987;42(5):385-9. 

118 



Liszewski M K, Farries T C, Lublin D M, Rooney I A, Atkinson J P. Control of the 

complement system. Adv Immunol. 1996;61:201- 283. 

Lujan M, Paez A, Sanchez E, Herrero A, Martin E, Berenguer A. Prostate specific 

antigen variation in patients without clinically evident prostate cancer. J Urol. 

1999; 162: 1311-1313. 

Lundgren R, Mandahl N, Heim S, Limon J, Henrikson H, Mitelman F. Cytogenetic 

analysis of 57 primary prostatic adenocarcinomas. Genes Chromosomes Cancer. 

1992;4(1): 16-24. 

Lwaleed BA, Bass PS, Francis JL, Chisholm M. Functional and structural properties of 

urinary tissue factor. Nephrol Dial Transplant. 1999;14:588-596. 

Lwaleed BA, Bass PS, Francis JL, Chisholm M. Urinary tissue factor: A potential marker 

of disease. J Path. 1999; 188:3-8. 

Lwaleed BA, Stewart AB, Cooper AJ, Birch B. Seminal clotting and fibrinolytic balance: 

a possible physiological role in the male reproductive system. Thromb Haemost. 

2004;92(4):752-66. 

Lwaleed BA, Jackson C, Greenfield R, Stewart AB, Delves G, Cooper AJ. Seminal tissue 

factor revisited. Int J Androl. 2006:29;360-367. 

MacGrogan D, Levy A, Bostwick D, Wagner M, Wells D, Bookstein R. Loss of 

chromosome arm 8p loci in prostate cancer: mapping by quantitative allelic imbalance. 

Genes Chromosomes Cancer. 1994; 1 0(3): 151-9. 

Maecker HT, Todd SC, Levy S. The tetraspanin superfamily. FAESEB J. 

1997;11(6):428-442. 

119 



MandaI A, Bhattacharyya AK. Grouping of human ejaculates according to the degree of 

coagulation and the relationship to the levels of choline and cholinesterase. Int J Androl. 

1986;9(6):407-415. 

Marcus ZH. Hess EV, Freisham JH. In vitro studies in reproductive immunology: 4. 

Mechanisms of immune response control in human male genital tract. IntJ.Fert. 

1983;28(4): 189-198. 

Marker PC, Donjacour AA, Dahiya R, Cunha GR. Hormonal, cellular, and molecular 

control of prostatic development. Dev BioI. 2003;253(2):165-74. 

McConnell JD, Roehrbom CG, Bautista OM et al for the MTOPS research group. The 

long term effect of doxazosin, finasteride, and combination therapy on the clinical 

progression of benign prostatic hyperplasia. N Engl J Med. 2003;349:2387-2398. 

McMenamin ME, Soung P, Perera S, Kaplan I, Loda M. and Sellers WR. Loss ofPTEN 

expression in paraffin-embedded primary prostate cancer correlates with high Gleason 

score and advanced stage. Cancer Res. 1999;59:4291-4296. 

McNeal JE, Bostwick DG. Anatomy of Prostate: implications for disease. In: Bostwick 

DG, ed. Pathology of Prostate. New York: Churchill Livingstone; 1990:1-14. 

McNeal JE, Bostwick DG. Intraductal dysplasia: A premalignant lesion of Prostate. Hum. 

Pathol. 1986;17(1):64-71. 

McNeal JE. Normal histology of Prostate. Am. J. Surg. Pathol. 1988;12:619-633. 

McN eal JE. Origin and development of carcinoma of Prostate. Cancer. 1969;23 :24-34. 

McNeal JE. Origin and development of carcinoma of Prostate. Cancer. 1969; 23: 24-34. 

120 



McNeal JE. Regional morphology and pathology of the prostate. Am J C1in Pathol. 

1968;49:347-357. 

Merkel DE, McGuire WL. Ploidy, proliferative activity and prognosis. DNA flow 

cytometry of solid tumors. Cancer. 1990;65(5): 1194-205. 

Minamiguchi K, Kawada M, Someno T, Ishizuka M. Androgen-independent prostate 

cancer DU145 cells suppress androgen-dependent growth of prostate stromal cells 

through production of inhibitory factors for androgen responsiveness, Biochem Biophys 

Res Comm. 2003;306(3):629-636. 

Morris MJ, Scher HI, Novel strategies and therapeutics for the treatment of prostate 

carcinoma. Cancer. 2000;89: 1329-1348. 

Muir CS, Nectoux J, Staszewski 1. The epidemiology of prostatic cancer. Geographical 

distribution and time-trends. Acta Oncol. 1991;30: 133. 

Murphy GP, Mett1in C, Menck H, Winchester DP, Davidson AM. National patterns of 

prostate cancer treatment by radical prostatectomy: Results of a survey by the American 

College of Surgeons Committee on Cancer. J Urol. 1994; 152: 1817-1819. 

Navone NM, Troncoso P, Pisters LL, Goodrow TL, Palmer JL, Nichols WW, 

Voneschenbach AC, Conti C1. P53 Protein Accumulation and Gene Mutation in the 

Progression of Human Prostate Carcinoma. J Natl Can Inst. 1993;85:1657-1669. 

Nilsson BO, Carlsson L, Larsson A, Ronquist G. Autoantibodies to prostasomes as new 

markers for prostate cancer. Ups J Med Sci. 2001; 106(1):43-9. 

Nilsson BO, Egevad L, Jin M, Ronquist R, Busch C. Distribution ofprostasomes in 

neoplastic epithelial prostate cells. Prostate. 1999;39:36-40. 

121 



Nilsson BO, Jin M, Einarsson B, Persson BO, Ronquist G. Monoclonal antibodies against 

human prostasomes. Prostate. 1998;35:178-184. 

Nilsson BO, Lennartsson L, Carlsson L, Nilsson S, Ronquist G. Expression of 

prostasome-like granules by the prostate cancer cell lines PC3, Du145 and LnCaP grown 

in monolayer. Ups J Med Sci. 1999; 104(3): 199-206. 

O'Dowd GJ, Miller MC, Orozco R, Veltri RW. Repeat biopsy cancer incidence rates 

following a negative, high grade prostatic intraepithelial neoplasia or suspicious 

diagnosis. J Urol. 1999;161(Suppll):73. 

Oesterling JE, Jacobsen SJ, Chute CG, Guess HA, Girman CJ, Panser LA, Lieber MM. 

Serum prostate-specific antigen in a community-based population of healthy men: 

Establishment of age-specific reference ranges. JAMA 1993;270:860-4. 

Oesterling JE. Benign prostatic hyperplasia: A review of its histogenesis and natural 

history. Prostate SuppI1996;6: 67-73. 

Oliw EH, Fabiani R, Johansson L, Ronquist G. Arachidonic acid 15-lipoxygenase and 

traces ofE prostaglandins in purified human prostasomes. J Reprod Fertil. 

1993;99(1): 195-9. 

Page AM, Lagnado JR, Ford TW, Place G. Calcium alginate encapsulation of small 

specimens for transmission electron microscopy. J.Microsc. 1994; 175(2): 166-170. 

Papandreou CN, Usmani B, Geng Y, Bogenrieder T, Freeman R, Wilk S, Finstad CL, 

Reuter VE, Powell CT, Scheinberg D, Magill C, Scher HI, Albino AP, Nanus DM. 

Neutral endopeptidase 24.11 loss in metastatic human prostate cancer contributes to 

androgen-independent progression. Nat.Med. 1998;4(1):50-57. 

122 



Partin AW, Kattan MW, Subong EN, Walsh PC, Wojno KJ, Oesterling JE, Scardino PT, 

Pearson JD. Combination of prostate-specific antigen, clinical stage, and Gleason score to 

predict pathological stage of localized prostate cancer. A multi-institutional update. 

JAMA 1997;277:1445-1451. 

Partin A W, Y 00 J, Carter HB, Pearson JD, Chan DW, Epstein n, Walsh Pc. The use of 

prostate-specific antigen, clinical stage and Gleason score to predict pathological stage in 

men with localized prostate cancer. J Urol. 1993; 150: 110-114. 

Pauber. lReprod Fert. 1976;46: 165-171. 

Pinsker MC, Williams WL. Spermatozoan decapacitation factor (DF) in human seminal 

plasma. Proc Soc Exp BioI Med. 1968;129(2):446-8. 

Porath J, Flodin P. Gel filtration: A method for desalting and group separation. Nature. 

1959; 183: 1657-1659. 

Pound CR, Partin AW, Epstein n, Walsh Pc. PSA following anatomical radical 

retropubic prostatectomy: Patterns of recurrence and cancer control. Urol Clin North Am 

1997;24:395. 

Prehn RT. On the prevention and therapy of prostate cancer by androgen administration. 

Cancer Res. 1999;59:4161-4164. 

Quinlan DM, Epstein n, Carter BS, Walsh PC. Sexual function following radical 

prostatectomy: Influence of preservation of neurovascular bundles. J Urol. 

1991; 145:998-1 002. 

Reddy 1M, Stark RA, Zaneveld LID. A high molecular weight antifertility factor from 

human seminal plasma. lReprod Fertil. 1979;57(2):437-446. 

123 



Renneberg H, Konrad L, Dammshauser I, Seitz J, Aumuller G. Immunohistochemistry of 

prostasomes from human semen. Prostate 1997;30:98-106. 

Rietbergen JB, Hoedemaeker RF, Kruger AE, Kirkels WJ, Schroder FH. The changing 

pattern of prostate cancer at the time of diagnosis: Characteristics of screen detected 

prostate cancer in a population based screening study. J Urol. 1999;161:1192-1198. 

Rogozin IB, Pavlov YI. Theoretical analysis of mutation hotspots and their DNA 

sequence context specificity. Mutat Res. 2003;544(1):65-85. 

Ronnette BM, CarMichael MJ, Carter HB, Epstein JI. Does prostatic intraepithelial 

neoplasia result in elevated serum prostate specific antigen levels? J Urol. 1993;150:386-

389. 

Ronquist G, Brody I, Gottfries A, Stegmayr B. A Mg2+ and Ca2+-stimulated adenosine 

triphosphatase in human prostatic fluid. Andrologia. 1978; 1 O( 6):427 -33. 

Ronquist G, Brody I. The prostasome: its secretion and function in man . 

. Biochim Biophys Acta. 1985;822(2):203-18. 

Ronquist G, Frithz G, Jansson A. Prostasome membrane associated enzyme activities and 

semen parameters in men attending an infertility clinic. Urol Int. 1988;43:133-138. 

Ronquist G, Hedstrom M. Restoration of detergent-inactivated adenosine triphosphatase 

activity of human prostatic fluid with concanavalin A. Biochim Biophys Acta. 

1977 ;483(2):483-6. 

Ronquist G, Nilsson BO, Hjerten S. Interaction between prostasomes and spermatozoa 

from human semen. Arch Androl. 1990;24(2): 147-57. 

124 



Ronquist G, Nilsson BO. (Editors). Prostasomes: Proceedings from a symposium held at 

the Wenner-Gren Centre, Stockholm, in June 2001. Wenner-Gren International Series, 

Volume 81, Portland Press 2002. 

Ronquist G, Stegmayr B. Prostatic origin of fucosyl transferase in human seminal 

plasma: A study on healthy controls and on men with infertility or prostate cancer. Urol 

Res. 1984;12(5):243-247. 

Ronquist G. Zinc ion stimulation of A TP cleavage by prostasomes from human seminal 

plasma. Urol Int. 1988;43:334-340. 

Rooney C, Beral V, Maconochie N, Fraser P, Davies G. Case-control study of prostatic 

cancer in employees of the United Kingdom Atomic Energy Authority. BMJ. 

1993;307(6916): 1391-7. 

Rooney lA, Atkinson JP, Krul ES, Schonfeld G, Polakoski K, Saffitz JE, Morgan BP. 

Physiologic relevance of the membrane attack complex inhibitory protein CD59 in 

human seminal plasma: CD59 is present on extracellular organelles (prostasomes), binds 

cell membranes, and inhibits complement-mediated lysis. J Exp Med. 1993;177(5):1409-

20. 

Rose DP. The biochemical epidemiology of prostatic carcinoma. Prog Clin BioI Res. 

1986;222: 43-68. 

Saez F, Motta C, Boucher D, Grizard G. Antioxidant capacity ofprostasomes in human 

semen. Mol Hum Reprod. 1998;4(7):667-72. 

Sahlen GE, Egevad L, Ahlander A, Norlen BJ, Ronquist G, Nilsson BO. Ultrastructure of 

the secretion of prostasomes from benign and malignant epithelial cells in the prostate. 

Prostate. 2002;53:192-199. 

125 



Saifuddin M, Parker C J, Peeples ME,Gomy MK, Zolla-Pazner S, Ghassemi M, Rooney 

lA, Atkinson JP, Spear GT. Role of vir on-associated glycosylposphatidylinositol-linked 

proteins CD55 and CD59 in complement resistance of cell line-derived and primary 

isolates ofHIV-l. J ExpMed. 1995;182:501-509. 

Sandberg AA. Chromosomal abnormalities and related events in prostate cancer. Hum 

Pathol. 1992;23(4): 368-80. 

Savage P, Bates C, Abel P, Waxman 1. British urological surgery practice: 1. Prostate 

cancer. Br J Urol. 1997 May;79(5): 749-55. 

Schrimph SP, Hellman U, Carlsson L, Larsson A, Ronquist G, Nilsson BO. Identification 

of dipeptidyl peptidase IV as the antigen of a monoclonal anti-prostasome antibody. 

Prostate. 1999;38:35-39. 

Schroder FH, van der Maas P, Beemsterboer P, Kruger AB, Hoedemaeker R, Rietbergen 

J, Kranse R. Evaluation of the digital rectal examination as a screening test for prostate 

cancer. Rotterdam section of the European Randomized Study of Screening for Prostate 

Cancer. J Nat! Cancer Inst. 1998; 90: 181 7-1823. 

Shalev A, Gerrard 1M, Robertson C, Greenberg AH, Linial M. Sharing of antigenic 

epitopes between synaptophysin and granulophysin. J Cell Biochem. 1992;49:59-65. 

Shapiro E, Becich MJ, Hartanto V, Lepor H. The Relative Proportion of Stromal and 

Epithelial Hyperplasia Is Related to the Development of Symptomatic Benign Prostate 

Hyperplasia. J Urol. 1992;147:1293-1297. 

Sherwood, E. R., Theyer, G., Steiner, G., Berg, L. A., Kozlowski, 1. M, Chung, L. 

Differential Expression of Specific Cytokeratin Polypeptides in the Basal and Luminal 

Epithelia of the Human Prostate. Prostate 1991; 18 :303-314. 

126 



Shevde LA, Welch DA. Metastasis suppressor pathways-an evolving paradigm. Cancer 

Letters, 2003;198(1):1-20. 

Shimizu H, Ross RK, Bernstein L, Yatani R, Henderson BE, Mack TM. Cancers of the 

prostate and breast among Japanese and white immigrants in Los Angeles County. Br J 

Cancer. 1991;63:963-6. 

Skibinski G, Kelly RW, Harkiss D, James K. Immunosupression by human seminal 

plasma- Extracellular organelles (prostasomes) modulate activity of phagocytic cells. Am 

J Reprod Immunol Microbiol. 1992;28:97-103. 

Skibinski G, Kelly RW, James K. Expression ofa common secretory granule specific 

protein as a marker for the extracellular organelles (prostasomes) in human semen. Fertil 

Steril. 1994;61(4):755-9. 

Sledge GW, Miller KD. Exploiting the hallmarks of cancer: the future conquest of breast 

cancer. Euro 1. Cancer. 2003;39(12):1668-1675. 

Spurr. 1.Ultrstruct.Res. 1969;26:31-43. 

Stamey TA, Yang N, Hay AR, McNeal JE, Freiha FS, Redwine E. Prostate-specific 

antigen as a serum marker for adenocarcinoma of the prostate. N Engl J Med.1987 ;317: 

909-916. 

Stegmayr B, Brody I, Ronquist A. A biochemical and ultrastructural study on the 

endogenous protein kinase activity of secretory granule membranes of prostatic origin in 

human seminal plasma. J Ultrastruct Res. 1982;78:206-214. 

Stegmayr B, Gottfries G, Ronquist A, Brody 1. Reduced activity of Mg2+ and Ca2+ 

dependent adenosine triphosphatse in seminal fluid of patients with oligozoospermia. 

Scand J Urol Nephrol. 1980;14(2):129-143. 

127 



Stegmayr B, Ronquist G. Promotive effect on human sperm progressive motility by 

prostasomes. Urol Res. 1982; 1 0:253-257. 

Stites DP, Erickson RP. Suppressive effect of seminal plasma on lymphocyte activation. 

Nature. 1975;235:727-729. 

Stone KR, Mickey DD, Wunderli H, Mickey GH, Paulson DF. Isolation of a human 

prostate carcinoma cell line (DU 145). Int J Cancer. 1978;21(3):274-81. 

Stone NN, DeAntoni EP, Crawford ED: Screening for prostate cancer by digital rectal 

examination and prostate-specific antigen: Results of prostate cancer awareness week, 

1989-1992. Urology. 1994;44:18. 

Stridsberg M, Fabiani R, Lukinius A, Ronquist G. Prostasomes are neuroendocrine-like 

vesicles in human semen. Prostate 1996;29(5):287-95. 

Subramanyam M, Gutheil W G, Bachovchin W W, Hubet B T. Mechanism ofHIV-1 Tat 

induced inhibition of antigen specific T cell responsiveness. 1. Immunol. 1993; 150:2544-

2553. 

Tauber PF. Zaneveld LJD, Propping D, Shumacher GFB. Components of human split 

ejaculates. J Reprod Fertil. 1975;43:249-267. 

Tchetgen MB, Song JT, Strawderman M, Jacobsen SJ, Oesterling JE. Ejaculation 

increases the serum prostate-specific antigen concentration. Urology 1996;47:511-516. 

Terris MK, Klonecke AS, McDougall IR, Stamey TA. Utilization of bone scans in 

conjunction with prostate-specific antigen levels in the surveillance for recurrence of 

adenocarcinoma after radical prostatectomy. J Nucl Med 1991 ;32: 1713-1717. 

128 



Trapman J, Sleddens HF, van der Weiden MM, Dinjens WN, Konig JJ, Schroder FH, 

Faber PW, Bosman FT. Loss of heterozygosity of chromosome 8 micro satellite loci 

implicates a candidate tumor suppressor gene between the loci D8S87 and D8S 133 in 

human prostate cancer. Cancer Res. 1994;54(23):6061-4. 

Tricoli N, Gumerlock PH, Yao JL, Chi SG, Dsouza SA, Nestok BR, White RWD, 

French FS, Gelmann EP, Pretlow TG, Steams ME. Alterations of the retinoblastoma gene 

in human prostate adenocarcinoma. Genes Chromosomes & Cancer. 1996; 15: 108-114. 

Umbas R, Isaacs WB, Bringuier PP, Schaafsma HE, Karthaus HFM, OosterhofGON, 

Debruyne FMJ, Schalken JA. Decreased E-Cadherin Expression Is Associated With 

Poor-Prognosis in Patients With Prostate-Cancer. Cancer Research. 1994;54:3929-3933. 

Utleg AG, Yi EC, Xie T et al. Proteomic Analysis of Human Prostasomes. Prostate. 

2003 ;56: 150-161. 

Valenzuela A, Blanco J, Callebaut C, Jacotot E, LIuis C, Hovanessian AG, Franco R. 

Adenosine deaminase binding to human CD26 is inhibited by HIV -1 envelope 

glycoprotein gp120and viral particles. J Immunol.l997;158:3721-3729. 

Van Den Berg C, Guan XY, VonhoffD, Jenkins R, Bittner M, Griffin C, Kallioniemi 0, 

Visakorpi T, McGill J, Herath J, Epstein J, Sarosdy M, MeltzerP and Trent 1. Dna­

Sequence Amplification in Human Prostate-Cancer Identified By Chromosome 

Microdissection - Potential Prognostic Implications. Clinical Cancer Research. 

1995;1(1);11-18. 

VanhoofG, Meester de I, van Sande M, Sharpe S, Yaron A. Distribution of proline­

specific aminopeptidase in human tissues and body fluids. Eur J Chern Clin Biochem. 

1992;30:333-338. 

129 



Velmurugan B, Bhuvaneswari V, Balasenthil S, Nagini S. Lycopene, an antioxidant 

caretenoid modulates glutathione-dependent hepatic biotransformation enzymes during 

experimental gastric carcinogenesis. Nutr Res 2001 ;21(8): 1117-24 

Visakorpi T, Hyytinen E, Koivisto P, Tanner M, Keinanen R, Palmberg C, Palotie A, 

Tammela T, Isola J, Kallioniemi OP. In vivo amplification of the androgen receptor gene 

and progression of human prostate cancer. Nat Genet. 1995;9(4):401-6. 

Wang J, Lundquist M, Carlsson L, Nilsson 0, Lundquist 0, Ronquist G. Prostasome-like 

granules from the PC-3 prostate cancer cell line increase the motility of washed human 

spermatozoa and adhere to the sperm. Eur J Obstet Gynecol Reprod BioI. 2001;96:88-97. 

Wang MC, Papsidero LD, Kuriyama M, Valenzuela LA, Murphy GP, Chu TM. Prostate 

antigen: A new potential marker for prostatic cancer. Prostate 1981;2:89-96. 

Webb HD, Hawkins AL. and Griffin CA. Cytogenetic abnormalities are frequent in 

uncultured prostate cancer cells. Cancer Genet Cytogenet. 1996;88: 126-132. 

Woolf SH. Screening for prostate cancer with prostate-specific antigen. An examination 

of the evidence. N Engl J Med. 1995;333:1401-1405. 

Young JC, Moarefi I, Hartl FU. Hsp 90: A specialised but essential protein folding tool. J 

Cell BioI. 2001: 154(2):267 -273. 

Yuan n, Coplen DE, Petros JA, Figenshau RS, RatliffTL, Smith DS, Catalona WJ. 

Effects of rectal examination, prostatic massage, ultrasonography and needle biopsy on 

serum prostate specific antigen levels. J Urol. 1992;147:810-814. 

Zaneveld LID, Tauber PF. Contribution of prostatic fluid components to the ejaculate. 

Prog Clin BioI Res. I981:75a:265-277. 

130 


