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Abstract 

The plasminogen activator system is assumed to play a key role in the degradation of 

extracellular matrix and basement membranes. During cancer invasion and metastasis, the 

activated plasminogen activator system cleaves plasminogen to the active plasmin. Plasmin is 

able to degrade a wide range of extracellular matrix proteins either directly or indirectly by 

activation of additional proteolytic enzymes. 

Accumulating evidence has shown that the urokinase plasminogen activator system might be 

upregulated in many types of malignancies, including prostate cancer. Previous studies have 

found an association between the soluble form of the urokinase plasminogen receptor, 

abbreviated as suPAR, and the development and progression of prostate cancer. Furthermore, 

it has been proposed that the quantification of suPAR in serum might serve as a useful adjunct 

to current conventional diagnostic tools.  

Published literature is limited regarding both the suPAR levels in patients diagnosed with 

benign prostate hyperplasia (BPH) and the differences in suPAR concentration between BPH- 

and prostate cancer patients. In the present thesis, the serum levels of suPAR in BPH- and 

prostate cancer patients are therefore quantified to determine whether there is a statistically 

significant difference between the two groups.  

The present thesis concludes that there is no statistically significant difference in the suPAR 

concentration between BPH patients (median 0.22 ng/mL) and prostate cancer patients 

(median 0.17 ng/mL). However, methodological limitations of the immunoassay utilized for 

suPAR quantification was encountered, and further studies are warranted to give an exact 

estimation of the suPAR concentration in BPH- and prostate cancer patients. In addition, due 

to limited published literature, it was difficult to define the normal or abnormal levels of 

suPAR. 

The serum samples obtained in the present thesis are stored at the Regional Research Biobank 

of Central Norway and are accessible for future studies. By including samples from the 

HUNT research biobank, it might be achievable to obtain a larger cohort of serum samples 

and further investigate the role of suPAR as a predictor of prostate cancer progression.    
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1. Introduction  

1.1. The prostate gland 

The prostate is an androgen-regulated gland of the male reproductive system. The gland 

produces a fundamental part of the seminal fluid, providing optimal environment and 

conditions for the activity and survival of the sperm cells. The components of the prostatic 

secretions include citric acid, acid phosphatase and several protein digesting enzymes such as 

the prostate specific antigen (PSA). Citric acid can be used by sperm for ATP production via 

the Krebs cycle, whereas PSA serves to liquefy the semen by cleavage of the gel proteins 

seminogelin I and II of the seminal fluid (1, 2).  

The current consensual model of prostatic anatomy is based on the work of John E. McNeal. 

In a number of autopsy-based studies, McNeal redefined the anatomic perspective of, and 

terminology for, the prostate gland. The work of McNeal demonstrates that the human 

prostate gland is a composite organ that can be histologically divided into three glandular 

zones and a fourth nonglandular region termed the anterior fibromuscular stroma (AFMS). 

The AFMS is a wedge-shaped stromal barrier, occupying much of the anteromedial prostatic 

tissue that shields the prostatic urethra and glandular zones from overlying structures (3). 

Figure 1.1 further explains and illustrates the zonal organization of the prostate.  

The histological architecture of the prostate includes two major cell types: Epithelial and 

stromal cells. Epithelial cells can be divided into different groups of urothelial (transitional), 

secretory (luminal), basal and neuroendocrine cells, and they are arranged in glands consisting 

of ducts which branch out from the urethra and terminate in acini. The stroma, surrounding 

the prostatic glands, contains smooth muscle cells and fibroblast. Blood vessels, tissue 

infiltrating white blood cells, peripheral nerves and ganglia are additional constituent cell 

elements of the normal human prostate (4, 5).   
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1.2. Pathology of the prostate 

There are several disorders related to the prostate: Prostatitis, benign prostate hyperplasia 

(BPH) and prostate cancer (PCa). 

1.2.1. Prostatitis 

The syndrome of prostatitis is one of the most common diseases encountered in urologic 

practice, representing a heterogeneous mix of conditions. According to the National Institute 

of Health (NIH), these conditions can be divided into different subtypes including acute 

bacterial prostatitis, chronic bacterial prostatitis, chronic pelvic pain syndrome (CPPS) and 

asymptomatic prostatitis (6).  

Acute bacterial prostatitis is an acute bacterial infection of the prostate. It is assumed that the 

most common route of infection is the intraprostatic reflux of infected urine with organisms 

such as Escherichia coli and Klebsiella-, Proteus-, Pseudomonas- and Enterococcus species. 

Left untreated, acute bacterial prostatitis can lead to overwhelming sepsis or development of 

prostatic abscess. In addition, it can lead to chronic bacterial prostatitis which is a persistent 

bacterial infection of the prostate lasting more than three months (7, 8).   

The majority of patients with prostatitis syndrome suffer from CPPS. Unlike bacterial 

prostatitis where the causal organism can be identified, the etiology of CPPS is poorly 

understood and described; both inflammatory and infectious mechanisms have been 

postulated. The hallmark symptom of CPPS is pain and tenderness attributed to the prostate, 

or less common, the pelvis. In contrast, patients affected by asymptomatic prostatitis do not 

have these symptoms. These patients are commonly diagnosed for asymptomatic prostatitis 

by prostatic resection or biopsy specimens when being examined for BPH or PCa (8-10).  

Studies have suggested that chronic inflammation of the prostate might play an important role 

in the development of BPH and PCa: The release of reactive oxygen species during chronic 

inflammation can induce DNA damage in prostatic epithelial cells and can contribute to the 

development of PCa. Early detection and treatment of asymptomatic prostatitis might 

therefore, in theory, participate in the prevention of inflammation associated PCa (10-12). 
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Figure 1.1: Zonal organization of the prostate. Modified from Shah et al (4) . The prostate gland is localized 

directly below the urinary bladder and in front of the rectum where it surrounds the urethra. The transitional zone 

(TZ) of the prostate comprises about 5 % of the glandular tissue and consists of two bulges of glandular tissue on 

either side of the urethra. This region grows throughout life and is the zone of the prostate that is most affected 

by benign hyperplastic nodules of the prostate. The central zone (CZ) comprises about 25 % of the prostate 

volume, forming an inverted cone surrounding the ejaculatory ducts. This region is seldom affected by disease. 

The peripheral zone (PZ), about 70 % of the prostate volume, extends posterolaterally around the central zone 

and distal prostatic urethra. The peripheral zone is the region of the prostate that is most susceptible to 

inflammation and prostate cancer (3, 4).  

 

1.2.2. Benign prostate hyperplasia 

BPH is defined as the nonmalignant enlargement of the prostate gland. Histologically, it is 

characterized as hyperplasia of epithelial- and stromal cells, with excessive nodular growth in 

the transitional zone of the prostate (figure 1.1). The proliferation rate increases about 9- and 

37-fold in prostate epithelium and stroma respectively, suggesting that the prostate 

enlargement in BPH is primarily caused by the hyperproliferation of stromal cells (13-15).  
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An estimated 25% of men between the age of 50 to 60 years have histological evidence of 

BPH, increasing to more than 50% for men older than 60 years. With the prolonged average 

life span, increasing elderly population and increasing incidence, BPH has become a major 

disease of significant interest (16, 17).  

The clinical relevance of BPH is highlighted by the fact that up to 50% of elderly men 

develop lower urinary tract symptoms (LUTS), which include urinary hesitancy, frequent 

urination, reduced urine flow and urinary retention. This explains the fact that transurethral 

resection of the prostate (TURP) remains one of the most common interventions in elderly 

men. Delayed treatment can cause severe complications, for example bleeding from the 

prostate, recurrent infections, renal stones and even kidney failure (18, 19). 

Although the pathogenesis of BPH is complex and still  unclear, several mechanisms appear to 

be involved in the development and progression of the disease. The role of androgens, 

including testosterone and dihydrotestosterone (DHT), in the progression of BPH is well 

established (20). Testosterone and DHT exert their function by binding to nuclear androgen 

receptors located in stromal- and epithelial cells, which in turn promotes the transcription of 

growth factors, including epidermal growth factor (EGF). The EGF is an important mitosis- 

and proliferation promoting factor that has been shown to play a role in the development of 

the prostate after binding to its specific receptor, EGFR. Upon interaction with EGF, EGFR 

induces the phosphorylation and activation of STAT3 (signal transducer and activator of 

transcription 3), a transcription factor essential for cell survival and proliferation. The 

phosphorylation of STAT3 in the cytoplasm induces its homodimerization, nuclear 

translocation and DNA binding, resulting in the expression of genes that mediate proliferation 

and prevent apoptosis. Abnormal activation of this EGF/STAT3 pathway causes an increase 

in the total number of epithelial and stromal cells, which appears to be associated with the 

development of BPH (21).  

Furthermore, several studies have indicated a significant association between inflammation 

and BPH severity and progression (22-25). Inflammatory infiltrates are frequently observed in 

resections and biopsies from patients with enlarged prostates, and correlation between urinary 

symptom severity and intraprostatic inflammation has been proposed (24, 25). Although the 

exact mechanisms of inflammation to prostate growth are not yet fully understood, activation 

of macrophages or lymphocytes and secretion of cytokines to trigger abnormal growth 

appears to be important. Additionally, recent clinical studies have suggested a relationship 

between prostatic inflammation and LUTS associated with BPH (26, 27).  
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1.2.3. Cancer of the prostate 

Human PCa is a significant cause of cancer morbidity and mortality worldwide. In the period 

2006-2010, an average of 4264 new cases were diagnosed per year in Norway. This 

corresponds to around 30% of all new cancer cases in men, making it the most commonly 

diagnosed cancer in men (28).  

PCa is a heterogeneous and multifactorial disease that proceeds through multiple pathological 

and cytological stages. In general, the etiopathogenesis occurs through the formation of pre-

cancerous lesions designated as prostatic intraepithelial neoplasms (PINs). Progression of PIN 

to locally invasive adenocarcinoma and metastatic disease stages follows, often accompanied 

by the acquisition of androgen-independent disease states (29-31). Although the 

etiopathological causes of the PCa development are not well established, the risk factors 

associated with PCa often include intense oxidative stress, chronic inflammation and 

hormonal changes. In addition, advancing age also appears to be particularly important (10, 

32, 33). 

Multiple studies have revealed that alterations in key gene products and molecular pathways 

typically occur along PCa etiopathogenesis and progression (34-37). The genetic and 

epigenetic disruption and/or decreased expression of diverse tumor suppressor genes 

controlling cell cycle progression might provide critical roles for PCa development. In 

addition, the sustained activation of diverse oncogenic signaling cascades appears to provide 

fundamental functions for PCa progression to locally invasive, metastatic and androgen-

independent PCa. For example, the downregulation of the tumor suppressor gene p27 appears 

to promote cell cycle progression and growth of PCa cells, while the enhanced expression of 

anti-apoptotic factors (Bcl-2) might provide their survival  (34-37). A selection of the cellular 

signaling pathways and genes that appears to be involved in the etiopathogenesis and 

progression of PCa is schematically illustrated in figure 1.2.  
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Figure 1.2: Cellular signaling pathways and genes involved in sustained growth, survival, invasion, 

metastasis and treatment resistance of PCa. Based on Mimeault et al (35). The accumulation of different 

genetic and epigenetic alterations can lead to a downregulation of diverse tumor suppressor genes such as 

phosphatases tensin homolog (PTEN), retinoblastoma (Rb), cyclin-dependent kinase inhibitor p27, 

homeodomain-containing transcription factor NKX3.1 and p53. The downregulations are combined with a 

persistent activation of oncogenic signaling pathways, including the receptor tyrosine kinases (RTKs), sonic 

hedgehog SHH/PTCH/GLI, Wnt/ɓ-catenin and the downstream effectors PI3K/Akt, nuclear factor-kappa B (NF-

əB) and mitogen-activated protein kinases (MAPKs). The result is an upregulation of the expression of different 

target genes that are involved in the malignant transformation (34-37). 

 

Regions of focal atrophic prostate epithelium have been identified in aging men, frequently in 

association with a chronic inflammatory response. These regions usually exhibit increased 

epithelial proliferation and have been termed proliferative inflammatory atrophy (PIA) (38). 

Studies suggest that regions of PIA might give rise to carcinoma directly or indirectly via 

development into PIN, and PIA has therefore been proposed as a potential precursor for PCa 

(38-40). Given the possible influence of inflammation, it has been hypothesized that the use 

of anti-inflammatory drugs could reduce the risk of PCa. In fact, a recent study demonstrates 

that the use of certain nonsteroidal anti-inflammatory drugs might be associated with a small 

reduction in PCa risk. However, further studies are warranted to confirm the observed 

associations (41). 
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Locally invasive PCa can be well treated by radical prostatectomy with good prognosis. By 

contrast, advanced PCa is mainly treated with androgen-deprivation therapy, but androgen-

independent lesions may eventually develop and result in the lethal disease termed castration 

resistant PCa. The androgen-deprivation can cause cancer regression since without androgen 

the rate of cell proliferation is lower than the rate of apoptosis, causing an extinction of the 

cancer cells (31). 

Both local and castration resistant PCa can metastasize to different organs, including bone, 

lung and liver. Metastasis is defined as the formation of progressively growing secondary 

tumors at sites discontinuous from the primary lesion (42). At date, there is no curable 

treatment for metastatic PCa and the median survival is about one year (43). The early 

detection of PCa, before it develops into an incurable stage, is therefore essential for the 

effective treatment and positive clinical outcome of patients. The routine use of serum PSA 

testing has improved PCa detection and early diagnosis, but the role of PSA as a biological 

marker (biomarker) for PCa remains controversial (44).  

1.3. Prostate specific antigen 

PSA is a serine protease produced by the luminal cells of the prostate gland. In healthy 

individuals, the retrograde release of PSA into the bloodstream is a rare event. This occurs 

with a frequency less than one PSA molecule per million secreted PSA molecules, leading to 

a concentration of <4.0 ng/mL in serum. Hence, the concentration is approximately one 

millionth part of the PSA concentration in seminal plasma (0.5-5.0 mg/mL). This significant 

difference in concentration is one of the reasons why PSA is argued to be a useful biomarker 

for prostatic disease (2, 45).  

However, PSA has significant limitations as a biomarker for PCa. The PSA level of 4.0 

ng/mL has been proposed as the upper limit of the normal range in serum, but this threshold is 

not well documented and defined (46). In fact, a study by Thompson et al. demonstrates that 

PSA levels Ò 4 ng/mL are commonly found in men with biopsy-detected cancer, including 

men with advanced cancer. This might indicate that the threshold of 4.0 ng/mL can cause 

underdiagnosis and undertreatment of clinically significant disease. Lowering the threshold 

could on the other hand cause an increased risk of overdiagnosis and overtreatment of 

clinically unimportant disease (47). 

The ability of PSA to accurately detect the presence of PCa is limited. In the circulation, 

elevated levels of PSA can be driven by conditions other than PCa such as BPH, prostatitis, 
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ethnicity, age and body mass index. As a consequence, about 60-80% of positive prostate 

biopsies are due to false-positive PSA values (45).  

An attempt to improve the power of PSA as a biomarker includes the use of age-referenced 

PSA levels and identification of additional PSA-related biomarkers present in the circulation 

(48-50). Clinical studies of free and complexed PSA have significantly enhanced cancer 

specificity compared to the PSA-test alone. The serum levels of human kallikrein-related 

peptidase 2 (hk2) and various free PSA subfractions have been reported to differ significantly 

in benign versus malignant disease of the prostate (51-54).  

A report by Mikolajczyk et al. proposes that multiple biomarkers are needed for the early 

detection and prognostication of PCa.  As prostatic disease is multidimensional, Mikolajczyk 

et al. claims that indolent cancer, malignant cancer, metastatic cancer and BPH all must be 

differentiated as each of these have distinct treatments and medical interventions (55). 

However, the prognostic value of the abovementioned additional biomarkers appears to be 

limited, and traditional methods for grading and staging are used.  

1.4. Grading and staging of PCa 

Grading refers to the microscopic histological characteristics of tumor tissue and is based on 

the Gleason scoring system. This is a scalar measurement that ranges the tumor biopsy from 1 

to 5, with Gleason grade 1 being the most and Gleason 5 being the least differentiated (figure 

1.3). A primary and secondary grade is classified from the two most abundant patterns of the 

tumor, and the sum of the two grades is the Gleason score. A high Gleason score does not 

necessary mean that the cancer has spread, but predicts the likelihood of the cancer to spread 

if left untreated (56, 57).  

Pathological staging is another determinant of PCa prognosis and relies on the TNM system. 

The T is the extent of tumor, N is the presence or absence of disease in the regional lymph 

nodes, and M is the extent of metastatic disease. Stage T1 encompasses prostate tumor 

diagnoses on transurethral resection or needle biopsy. Unless metastases are present, the 

definitive stage can be determined only at prostatectomy. The extent of the tumor is divided 

into T1-T4, with higher T values indicating more involvement of the prostate and surrounding 

structures. For example, stage T2 refers to a tumor confined to the prostate. Stage T3 refers to 

tumor spread outside the prostate, with T3a indicating extensions into extraprostatic fat, T3b 

indicating unilateral seminal vesicle spread, and T3c indicating bilateral seminal vesicle 

spread. Spread to the urinary bladder or rectum is stage T4. The involvement of pelvic or 
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inguinal lymph nodes is denoted by N1, with N0 meaning no positive nodes. Metastatic 

disease is categorized as M1, with M0 meaning no metastasis (58). 

 

 

Figure 1.3: Overview of the Gleason system. Modified from Epstein, J.I. (56). The different Gleason scores 

are marked with number (1-5). Gleason score 1 is composed of circumscribed nodules of uniform, single, 

separate and closely packed glands. The glands of Gleason score 2 are not as uniform as glands of Gleason score 

1, but are more loosely arranged. Gleason score 3 is composed of single glands, and the tumor infiltrates in and 

amongst non-neoplastic prostate acini. The neoplastic glands show marked variation in shape and size. Gleason 

score 4 consist of cribriform glands or fused, ill-defined glands with poorly formed glandular lumina. In this 

pattern the glands are no longer single and separate as in pattern 1-3. Finally, Gleason pattern 5 shows no 

glandular differentiation composed of solid sheets, cords or single cells (56, 57).  
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1.5. The controversial relationship between BPH and PCa 

A link between BPH and PCa has been recognized since the first autopsy studies of prostate 

gland in the 1950s. The original hypotheses were based on studies documenting the presence 

of both BPH and PCa at autopsy. In more recent studies, it has been found that approximately 

20% of men with PCa also have BPH, and cancer has been found incidentally in 10-20% of 

surgically removed BPH specimens (59). However, it remains unclear whether the association 

indicates a causal link, shared risk factors, shared pathophysiological mechanisms or simply 

an increased surveillance and examination of patients with BPH leading to the diagnosis of 

PCa (16). 

Although the two pathological conditions commonly coexist, it is widely thought that BPH is 

not a premalignant lesion (33). The differences in histology and anatomic location in the 

prostate gland support this hypothesis. BPH is histologically characterized by hyperplasia 

stromal and epithelial cells, whereas PCa involves complex histopathological changes in the 

glandular epithelium. Furthermore, BPH is known to develop from the transitional zone, 

while PCa usually originate in the peripheral zone. The conditions coexist in the same zone in 

only about 20% of the cases (3, 60, 61). 

Schenk et al. recently examined the association between symptomatic BPH and PCa risk. 

Among the total 5,068 participating men, 30.5% had symptomatic BPH at baseline and 24.2% 

were diagnosed with PCa. However, no significant association was detected between 

symptomatic BPH and PCa (62). 

Despite the differences, BPH and PCa also share some important characteristics. Both display 

an increasing prevalence with age, both require androgens for growth and development and 

both respond to androgen-deprivation treatments (59, 63, 64). In addition, a number of studies 

have indicated that chronic inflammation might be a common risk factor for both BPH and 

PCa (22, 39). If BPH really is a causal factor for PCa development, knowledge about this link 

could enable physicians to intervene at an earlier stage, thereby reducing the development of 

PCa and the number of  metastatic PCa (16).  

The similarities and differences of BPH and PCa are summarized in table 1.1. 

  



11 

 

 

Although BPH can cause morbidity and reduce the quality of life, it is not a lethal disease per 

se. In PCa one of the major causes of morbidity and mortality is metastatic disease (65).  As 

illustrated in figure 1.4, the metastatic process is a cascade encompassing multiple steps. In 

the initial step, the tumor cells disseminate from the primary tumor to locally invade the 

surrounding stroma. Once present in the stromal compartment, tumor cells can gain access to 

the blood and lymphatic vessels and subsequently intravasate. The circulatory system then 

provides transport of tumor cells to distant sites were they may extravasate and establish 

metastatic lesions (42, 66, 67). 

 

 

Table 1.1: Similarities and differences between BPH and PCa 

 

  

BPH 

 

 

PCa 

 

Prevalence with age 

 

 

Increases 

 

Increases  

 

Androgens 

 

 

Required for growth 

 

Required for growth 

 

Androgen deprivation 

 

 

Can decrease growth 

 

Can decrease growth 

 

 

Common anatomic location 

 

Transition zone 

 

Peripheral zone 

 

 

Histology 

 

Stromal and epithelial cells 

 

Glandular epithelium 

 

 

Premalignant potential 

 

 

None 

 

- 
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Figure 1.4: The metastatic cascade. Dissemination of cancer cells from the primary tumor and local 

invasion constitute the initial step of the metastatic cascade. Proteolytic enzymes degrade basal 

membranes and extracellular matrix so that tumor cells can pass through local stroma and 

subsequently penetrate the vessel wall. The intravasation into the circulatory system makes transport 

to distant sides possible. The tumor cells might then be arrested in microvessels and extravasate to 

establish metastatic lesions (42, 66).  

 

As illustrated in figure 1.4, the local proteolysis of the extracellular matrix (ECM) and basal 

membranes (BMs) is at the core of the metastatic process (68). A complex array of proteolytic 

enzymes appears to be fundamental in local proteolysis, and among these, the plasminogen 

activator (PA) system is assumed to play a vital role (67, 69). In accordance to this, recent 

studies have demonstrated that the components of the PA-system could emerge as candidate 

markers to distinguish between BPH and PCa (70, 71). 
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1.6. The Plasminogen activator system  

As described above, extracellular proteolysis of BM and ECM is a prerequisite for cancer 

invasion and metastasis, enabling tumor cells to pave their way through the surrounding 

tissues. The PA-system is a cascade reaction leading to the generation of the serine protease 

plasmin, which is able to degrade a wide range of extracellular proteins, either directly or 

through activation of other matrix degrading proteases (72-74).  

Besides the role in ECM degradation, accumulating evidence has documented a role of the 

PA-system in several aspects of tumor development. This includes tumor cell proliferation, 

adhesion and migration, intravasation and extravasation, growth at the metastatic sites and 

tumor neo-angiogenesis (75-77). However, under normal conditions the PA-system is strictly 

controlled, and most physiological processes associated with tissue remodeling, comprising 

fibrinolysis and wound healing, depend on components of the PA-system (78-81).  

The components of the PA-system include activators (uPA, tPA), inhibitors (PAI-1, PAI-2), 

and a receptor (uPAR). These components are presented in the following sections.   

1.6.1. Plasminogen and plasmin  

Plasminogen is the single-chain zymogen of plasmin and is predominantly synthesized in the 

liver. At relatively high concentrations, plasminogen circulates in plasma and interstitial 

fluids, but it is also localized at the cell surface bound to anexin II and plasminogen-RKT. 

The co-localization of plasminogen with plasminogen activators at the cell surface provides a 

mechanism for accelerated plasminogen activation (82-87). 

Plasminogen is converted to active two-chain plasmin through proteolytic cleavage catalyzed 

by the plasminogen activators, uPA and tPA. The generated plasmin is an active trypsin-like 

serine protease with relatively wide substrate specificity (87, 88).  

Although the primarily function of activated plasmin is fibrin clot lysis, it can also degrade 

several components of the ECM, including laminin, fibronectin, vitronectin and collagen (89, 

90). In addition, plasmin can activate certain proteolytic enzymes of the matrix 

metalloproteinase (MMPs) family, including the MMP-3, MMP-9, MMP-12 and MMP-13 

(91-93). The MMPs have been implicated as key proteases in removal of ECM barriers. 

Combined activities of plasmin and MMPs display an adequate proteolytic repertoire, 

enabling degradation of most protein constitutes in the ECM barriers (93).  
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a
 Mw, molecular weight in kilo-Dalton (kDa).  

b
 Depends on degree of glycosylation. 

  

 

Table 1.2: Components of the PA-system (79, 94, 95)  

 

 

Component 

 

 

Mw (kDa)
a
  

 

Cellular source 

 

Main function  

 

Plasminogen 

 

 

92 

 

Mainly liver 

 

 

Proenzyme of plasmin 

Converted to plasmin by  

uPA and tPA 

 

 

uPA 

 

 

54 

 

 

Leukocytes, macrophages, 

endothelial cells, smooth muscle 

cells, epithelial cells, fibroblasts 

and tumor cells 

 

 

Plasminogen activation during  

cell migration and invasion  

 

 

tPA 

 

 

70 

 

Endothelial cells, keratinocytes, 

and leukocytes 

 

 

Plasminogen activation during 

fibrinolysis  

 

PAI-1 

 

 

52 

 

Endothelial cells, platelets, 

megakaryocytes, fibroblasts, 

smooth muscle cells, adipocytes, 

hepatocytes and tumor cells 

 

 

Inhibition of uPA and tPA. 

Regulator of cell migration and 

invasion 

 

PAI-2 

 

 

47/60
b 

 

Monocytes, macrophages, 

keratinocytes and tumor cells 

 

 

Inhibitor of mainly uPA.  

 

uPAR 

 

 

55
 

 

Leukocytes, macrophages, 

endothelial cells, keratinocytes, 

fibroblasts, smooth muscle cells, 

megakaryocytes and tumor cells 

 

 

Localizes cell-associated 

proteolysis through binding of 

uPA. Also plays a role in signal 

transduction, cell adhesion and 

migration, chemotaxis, and 

proliferation.  
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1.6.2. Plasminogen activators: uPA and tPA  

There are two types of plasminogen activators, tPA and uPA, both capable of catalyzing the 

conversion of plasminogen to plasmin.  

The uPA molecule is secreted as an inactive single-chain urokinase (scuPA). Before uPA can 

exert its major biological function, to convert plasminogen to the active plasmin, scuPA must 

be proteolytically converted into an active enzyme (96). Activation of two-chain uPA occurs 

through cleavage of the Lys158-Ile159 peptide bond after scuPA has bound to its receptor, 

uPAR (described in chapter 1.6.4). This activation is brought about by plasmin. Since uPA, in 

turn, generates plasmin from plasminogen, the activation of uPA by plasmin completes the 

loop for a feed- back-type activation (97, 98). In addition to plasmin also matriptase, hepsin, 

serase 1B and certain MMPs are capable of generating active uPA (99-101). 

Like uPA, tPA is secreted as a single-chain precursor that is converted into active two-chain 

tPA through proteolytic cleavage by plasmin (102). Despite structural homogeneity, tPA is 

primarily involved in fibrinolysis, whereas uPA is primarily involved in tissue remodeling and 

cell migration (78, 79). At present, multiple studies have related uPA and plasmin to cancer 

progression and several aggressive cancers, including PCa (103-105). 

In a recent study, Bekes et al. demonstrated that uPA-mediated plasmin generation might 

facilitate the early stages of metastasis, specifically during local invasion and intravasation. In 

several in vitro and in vivo studies, Bekers et al utilized highly disseminating variants of the 

human PCa-3 cell line, PC-hi/diss. In one of these studies the PC-hi/diss cells were implanted 

into the prostates of NOD/SCID mice. The tumor bearing mice were subsequently separated 

into two groups. The first group was treated with the specific pro-uPA activation blocking 

antibody, mAb-112, while the second group did not receive treatment. The result showed that 

the treatment significantly inhibited local invasion and tumor distant metastases of the PC-

hi/diss cells. Immunostaining showed that tumors from mAB-112-treated mice appeared 

confined, whereas tumors from the untreated mice showed invasive fronts and were detected 

both in close association with blood vessels and intravascularly (77). Another study by 

Madsen et al. shows similar results and also suggest that uPA plays a key role in the process 

of early stage metastasis (106).  

In normal tissues, the PA-system is however strictly controlled. Both uPA and tPA is tightly 

regulated at the level of pro-enzyme activation and can be inhibited by either two of the 

plasminogen activator inhibitors: PAI-1 and PAI-2 (107, 108). 
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1.6.3. Plasminogen activator inhibitors: PAI -1 and PAI-2 

At date, the crystal structures and inhibitory mechanisms of PAI-1 and PAI-2 are well 

defined. Both PAI-1 and PAI-2 belong to the family of serine protease inhibitors (serpins) and 

form stable complexes with the catalytic site on their target protease. PAI-1 exists as a single 

chain glycoprotein, whereas PAI-2 exists in two forms; a cytosolic form and an extracellular 

glycosylated form (107, 108).  

Both PAI-1 and extracellular PAI-2 are effective inhibitors of both soluble and receptor-

bound uPA. The formation of covalent complexes with active uPA results in a substantial 

increase of serpin stability, making it able to effectively trap uPA in a stable serpin-protease 

complex. As illustrated in figure 1.5, the complex is associated with endocytic receptors of the 

low density lipoprotein (LDL) family which are subsequently internalized into clathrin-coated 

vesicles and degraded in lysosomes (109-111). 

Despite the shared serpin function of PAI-1 and PAI-2, high tumor levels of PAI-1 promote 

tumor progression, whereas high levels of PAI-2 appear to decrease tumor growth and 

metastasis. This divergence in function may be related to the complex array of molecular 

interactions between PAI-1 and uPA-uPAR and various ECM components and co-receptors, 

which are not apparent with PAI-2 (95).   

As an example, uPAR is a receptor with high affinity for the ECM protein vitronectin as well 

as the adhesion receptors of the integrin family (112-114). On vitronectin matrixes, cells are 

attached to the ECM through the binding of uPAR and integrins to vitronectin. The affinity of 

these interactions is supported by binding of uPA to uPAR. PAI-1 binding and inactivation of 

uPA cause impaired uPAR- and integrin affinity for vitronectin and thereby detachment of 

cells that relay on uPAR for adhesion to the ECM. The uPA-uPAR-integrin-PAI-1 complexes 

are later removed from the surface by LDL-receptor-mediated endocytic clearance. However, 

the receptors are recycled to the cell surface and can reengage to ECM molecules and then 

promote cell attachment to vitronectin. PAI-1 is unable to promote binding to vitronectin by 

competitive displacement of pre-engaged integrins form vitronectin. These events illustrate 

the cycle of cellular attachment and de-attachment which are fundamental for efficient cell 

migration and stromal invasion (113-116).  
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The protective effect of PAI-2 facilitates cell surface inhibition and clearance of uPA, but it 

might also counteract PAI-1 stimulatory actions on tumor invasion and metastasis. High 

levels of PAI-2 might prevent the removal of vitronectin-bound PAI-1 for uPA binding and 

thereafter decrease vitronectin-dependent cell migration (95).  

The presence of the cytosolic form of PAI-2 suggests that the inhibitor might have accessory 

functions in addition to the serpin activity, but these exact functions of PAI-2 remain unclear. 

However, the observation of non-glycosylated extracellular PAI-2 might indicate that 

cytosolic PAI-2 is released during inflammation or other conditions resulting in cell damage. 

This release could enhance the local secretion of glycosylated PAI-2 in tissue, thereby 

limiting the pericellular and extracellular proteolysis during tissue remodeling processes (95).  
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Figure 1.5: Regulation of uPA-uPAR complexes. Based on Binder et al. (117). Following uPA inhibition, the 

uPA-uPAR-PAI-1 complex interacts with certain members of the LDL receptor family, in this case the LDL 

related protein (LRP)-1 receptor. This leads to internalization of the complex through formation of clathrin-

coated vesicles. Subsequently, uPA and PAI-1 are degraded in lysosomes while the receptors are recycled to the 

cell surface (109, 110). Moreover, studies have demonstrated that the direct interaction of uPA-PAI-1 with LRP-

1 receptor can induce the activation of the Jak-Stat pathway, subsequently leading to enhanced cell migration 

(not shown) (118). In addition, the interaction of uPA-PAI-1 with very-low-density lipoprotein (VLDL) receptor 

can increase cell proliferation by stimulating sustained ERK activation (not shown) (119). Although uPA-PAI-2 

is cleared from the cell surface through interactions with LRP-1 and VLDL-receptors, these are of lower affinity 

than those of uPA-PAI-1 and are not able to induce cell migration or proliferation (120, 121). 
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1.6.4. Plasminogen activator receptor: Urokinase receptor, uPAR 

The structure of uPAR consists of three homologous domains anchored to the cell membrane 

through a glycosyl-phosphatidylinositol (GPI) moiety (figure 1.6). The three domains, 

designated D1, D2 and D3, have an apparent mutual sequence homology and belong to the 

Ly-6/uPAR (LU) family of domains (81, 122, 123).  

 

 

Figure 1.6: The structure of uPAR and the location of the ligand-binding sites of scuPA and SMB region 

of vitronectin. Modified from Hu ai et al. (124).  D1 (colored red) is the N-terminal domain, D2 (colored blue) 

connects D1 to D3, and D3 (colored green) is the C-terminal domain that anchors the receptor to the plasma 

membrane through the GPI moiety (96). The three domains have a typical three-finger fold with three adjacent 

loops rich in ɓ-pleated sheets and a small C-terminal loop (123-125). The scuPA binding site is localized in the 

central cleft of the receptor which is generated by an interdomain assembly of D1, D2 and D3. In contrast, the 

binding site for the somatomedin B (SMB) domain of vitronectin is found at the outer side of the receptor; at the 

two loops connecting the central four ɓ-sheets in D1 as well as the linker region connecting D1 and D2 (112, 

124). 

 

Under normal physiological conditions, the level of uPAR expression on cell surfaces is 

relatively low. This has been demonstrated in homeostatic mouse tissues that have been 

investigated (126). The expression is however consistently upregulated during certain tissue 

remodeling processes. This is illustrated during skin wound healing, where uPAR expression 
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is selectively induced at the very tip of the leading edge of the keratinocytes migrating to 

close the wound (126). In cancer tissue, uPAR is frequently overexpressed and linked to local 

invasion and metastasis. The actual contribution of the tumor and stroma compartments to this 

expression varies among the different types of cancer (127, 128).  

According to Usher et al., uPAR is expressed on the surface of macrophage-like cells and 

neutrophils in both malignant and benign prostatic tissue. In most of the carcinomas (~90%) 

the macrophage-like cells were found in the interstitial tissue between the tumor cell islands. 

Contrary, in most of benign tissues they were located in the lumen of the glands and found in 

the interstitial tissue in fewer cases (~30 %). This indicates that macrophages are recruited to 

the stroma of malignant tissue (103). Furthermore, Usher et al. found that uPAR expression of 

malignant tissue appeared to be upregulated in response to the presence of cancer cells (103). 

Previously it has been demonstrated that upregulation of uPAR can be induced by the 

activation of monocytes to macrophages and by inflammatory factors produced by PCa cells 

such as tumor necrosis factor (TNF)-Ŭ and monocyte chemotactic proteins (MCP) (129, 130). 

The overexpression of uPAR participates in tumor proteolysis by increasing the ability of 

cancer cells to overcome barriers of BMs and ECM. Additionally, signaling through uPAR in 

stromal cells might also contribute to the tumor-promoting functions of the stroma (103).  

Other studies have demonstrated that uPAR is predominantly expressed on the surface of the 

cancer cells, with little or no expression in the stromal cells (131, 132). Gavrilov et al. 

exemplify that there is no expression of uPAR on neither macrophages nor neutrophils, 

despite the well documented expression in these cell types (130).  

The uPAR interactome 

A relatively large number of potential biological ligands and interactors have been identified 

for uPAR. Based on the current level of evidence, these interactors may be divided into two 

groups (133). The first group is formed by uPA and the ECM protein vitronectin, which is 

considered to be the main uPAR ligands. Their physical and functional interaction with uPAR 

is well characterized as illustrated in in figure 1.6 (113, 114, 134, 135).  

The binding site for scuPA on uPAR is localized in the central cleft of the receptor, making 

the entire external structure of uPAR free for interactions with other proteins. In fact, the 

somatomedin B (SMB) domain of vitronectin binds uPAR at the outer side of the receptor. 

Studies have found that uPAR can accommodate both uPA and the SMB domain 

simultaneously and that uPAR binds more readily to vitronectin when it is pre-bound to uPA 
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(112, 123-125). The binding of uPA stimulates the receptor to cluster in cholesterol- and 

sphingolipid- enriched domains, referred to as lipid rafts, in the plasma membrane. This 

action also increases the ability of uPAR to bind vitronectin (135).  

In contrast to uPA and vitronectin, the structural basis and binding sites of the second group 

of interactors are less understood. This group encompasses a long series of proteins including 

a variety of receptor tyrosine kinases, integrins, G-protein coupled receptors (GPCRs), 

EGFRs and receptors of the LDL family (114, 135-140). Through these interactions, uPAR 

activates intracellular signaling molecules including the tyrosine kinase Src, the serine kinase 

Raf, focal adhesion kinase (FAK) and extracellular-signal-regulated kinase (ERK). Activation 

of these proteins subsequently results in profound changes in cell migration, adhesion and 

proliferation (141-143).  

Proteolytic and non-proteolytic function of uPAR  

Coherent with uPA being a serine protease, uPAR is involved in the regulation of 

extracellular proteolysis by promoting cell surface activation of plasminogen, generating 

plasmin. The proteolytic function of uPAR, together with its signaling functions, enable it to 

facilitate tumor cell adhesion and invasive migration through the ECM and to determine 

whether tumor cells will, or will not, proliferate in vivo (72, 73). 

Cell migration across the blood barrier and into tissues is an essential process during the 

immune response against infections, as well as during inflammation and metastasis. The 

process is tightly linked to adhesion and chemotaxis, and the role of uPAR in these 

mechanisms is supported by several studies (144-146). Rijneveld et al. examined the 

migration pattern of immune cells in uPAR-deficient (uPAR
-/-

) and wild-type mice after 

inoculation with Streptococcus pneumoniae. The results demonstrated that recruitment of 

neutrophils into inflamed tissues is significantly reduced in the absence uPAR. Whereas the 

wild-type mice recovered completely from the Streptococcus pneumoniae infection, the 

uPAR-deficient mice eventually died from the infection, indicating a fundamental role of 

uPAR in the inflammatory response (144).  

The capacity of uPAR to influence cell migration depends on the functional linkage and 

physical association with integrins (136, 140, 146, 147). Integrins are Ŭ/ɓ heterodimeric cell 

adhesion receptors that mediate bidirectional interactions between cells and the ECM. To 

date, 18 Ŭ- and 8 ɓ-subunits have been mapped on the human genome, together forming 24 

known heterodimers with substantially distinct ligand specificities and affinities (148). 
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The vitronectin receptor, Ŭvɓ3 integrin, is frequently found co-expressed with uPAR in 

aggressive tumors, and studies have demonstrated that uPAR-Ŭvɓ3 interactions can play an 

essential role in tumor cell migration and invasion (149). An initial binding between uPAR 

and vitronectin increases the contact between the cell and ECM, bringing all matrix receptors 

present in the plasma membrane in closer contact with their extracellular ligands. Specifically, 

Ŭvɓ3 integrin can bind vitronectin and thereafter trigger changes in cell morphology, migration 

and signal transduction (113). The activation of Rac, a small GTPase of the Rho family, 

stimulates cytoskeleton reorganization and morphological changes at the leading edge of the 

cell by activating actin polymerization and membrane protrusion. The final result is tumor cell 

motility and invasion, onto the bound vitronectin (150-152).  

In addition to the Ŭvɓ3-uPAR interaction, uPAR can also interact with ŬMɓ2, Ŭ3ɓ1, Ŭ5ɓ1 and 

Ŭvɓ5 integrins (149). Several studies have demonstrated a physical association between uPAR 

and the fibronectin receptor, Ŭ5ɓ1 integrin. This association increases the activity state of Ŭ5ɓ1 

integrin, and consequently enhances fibronectin binding. Aguirre Ghiso et al. found that 

adhesion to fibronectin resulted in a robust and persistent ERK activation, which appears to be 

required for the cancer cells to sustain proliferation in vivo (figure 1.7) (153). Interestingly, in 

vivo studies have demonstrated that blockage of uPAR leads to abatement of uPAR-Ŭ5ɓ1 

dependent signal transduction thereby reducing the ERK pathway activation and resulting in 

tumor cell dormancy (141, 153-157). In its dormant state, the tumor cells are present in a 

quiescent mode and are not biologically or clinically apparent. Both local and metastatic 

cancers undergo a period of dormancy before entering a stage of progressive growth.  

The results from the abovementioned studies implicate a fundamental role of uPAR in 

determining whether tumor cells will proliferate or become dormant (42, 153). 
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Figure 1.7: uPAR and Ŭ5ɓ1 integrin signaling pathway. Based on Smith and Paez et al. (158, 159). Rapid 

growth of metastatic carcinoma in vivo is regulated by high expression of uPAR that, by interacting and 

activating Ŭ5ɓ1 integrins, initiates a signaling cascade that culminates ERK activation. Initially, the uPAR-Ŭ5ɓ1 

interaction promotes auto-phosphorylation of FAK. The tyrosine kinase Src is also activated and can further 

phosphorylate and activate EGFR to enhance the ERK pathway activation. Studies have demonstrated that 

activated ERK is involved in tumor cell proliferation and emergence from tumor dormancy. Furthermore, ERK 

targets the transcription of uPAR suggesting a positive feedback loop for uPAR expression. The uPA-uPAR 

binding is required for uPAR-Ŭ5ɓ1 integrin-EGRF signaling, whereas in Ŭvɓ3 signaling uPA does not appear to be 

required (113, 135, 153, 156, 160-162). 

 

The role of uPAR in chemotaxis depends on the proteolytic cleavage of the receptor. The 

cleaved uPAR fragments provide new functionalities to uPAR, as the conformational changes 

facilitate the appearance of previously hidden ligand binding sites and further broadening the 

array of uPAR interactions (117).  

.  
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As illustrated in figure 1.8, the proteolytic cleavage of the linker region, connecting D1 and 

D2-D3, creates a soluble D1 fragment and a cell-anchored D2-D3 fragment (uPAR2-3). After 

cleavage, the uPAR2-3 expose a chemotactic epitope termed the SRSRY sequence. Previous 

studies have demonstrated that the SRSRY sequence is associated with the recruitment of 

cells expressing GPCRs of the formyl peptide receptor (FPR) family (117, 163). Furthermore, 

the new uPAR2-3 form is unable to bind uPA or vitronectin, making the cleavage a regulatory 

mechanism to attenuate the biological function of uPAR (164). 

As described in the next section, the soluble form of uPAR (suPAR) also appears to interact 

with receptors of the FPR family and thereby attracting and regulating cell migration (138).  

 

 

Figure 1.8: A schematic illustration of uPAR cleavage. Based on Thuno et al. (165). The linker region is 

susceptible to cleavage by different proteases, including uPA, plasmin, MMP-12, tissue kallikrein 4 and 

cathepsin G (166-168). The cleavage creates a soluble D1 fragment and a D2-D3 fragment (uPAR2-3) anchored 

to the cell surface. The uPAR2-3 expresses the SRSRY-sequence. (169, 170).  
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1.6.5. Soluble plasminogen activator receptor: suPAR 

The proteolytic cleavage of the GPI moiety leads to the total release of uPAR from the cell-

surface, generating suPAR. Proteases including phospholipase D, phospholipase C, cathepsin 

G and PI-PLC are known to be GPI-specific, and a mixture of these appears to be required to 

regulate the generation of suPAR (171).  

In addition, full length suPAR can be cleaved in the linker region within the receptor. Full 

length suPAR shares the overall structure as uPAR and can be cleaved in the linker region by 

the same proteases as uPAR (figure 1.8). One exception is the uPA-catalyzed cleavage which 

appears to be limited to only GPI-anchored uPAR (172). The cleavage of the linker region 

creates a soluble D1 fragment, and a soluble D2-D3 fragment (suPAR2-3), as illustrated in 

figure 1.10. 

 

Figure 1.9: A schematic illustration of the generation and cleavage of suPAR. Based on Thuno et al (165).  

The intact uPAR can be released from the cell-surface by proteolytic cleavage of the GPI moiety. The linker 

region of full length suPAR (suPAR1-3) can also be proteolytically cleaved be the same proteases as uPAR, 

generating a soluble D1 (suPAR1) and a soluble D2-D3 fragment (suPAR2-3).  
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Cleavage of the GPI moiety result in a reduced number of uPAR on the cell-surface, and the 

activity of the receptor is impaired. However, the released suPAR may provide new biological 

activities and the suPAR fragments have distinct properties related to their structural 

differences (165, 173, 174).  

Function of suPAR and suPAR fragments 

The full length suPAR, suPAR1-3, undergo only a slight conformational change when shed 

form the cell surface, and in vitro studies have demonstrated that suPAR1-3 is capable of 

specifically binding uPA as well as vitronectin (175-179). By competing with cell-bound 

uPAR, suPAR1-3 may function as a scavenger and inhibit cell-associated plasminogen 

activation and cell adhesion to vitronectin (175-178).  

In an in vivo study of nude mouse models, the effect of recombinant suPAR1-3 on ovarian 

cancer cells was found to inhibit cell proliferation and reduce cell-associated matrix 

degradation. As a consequence, tumor cell growth and metastasis were reduced (175). A 

similar study by Piccotella et al. demonstrated that the mechanism of action of suPAR1-3 

appeared to be associated to a decreased level of ERK and FAK activation in PCa cells. The 

role of suPAR1-3 as an uPA scavenger prevents binding of ligands to uPAR, thereby 

producing a lower level of ERK and FAK activation in the cells (180). These findings indicate 

that suPAR1-3 might have possible implications of inhibiting cancer-promoting actions (165). 

Furthermore, the study showed that cleavage of suPAR by chymotrypsin reversed these 

effects (180).  

The linker region of suPAR1-3 is, similar to the cell anchored receptor, sensitive to proteases. 

Cleavage in this region leads to the generation of suPAR2-3. Published work indicates that 

suPAR2-3 is capable of inducing chemotaxis (138, 163, 166, 181). The exposed SRSRY 

sequence of suPAR2-3 can chemoattract hematopoietic stem cells and monocytes by activating 

the high-affinity FPR and the low-affinity FPR-like 1 (FPRL1), respectively. Further it can 

chemoattract basophils by activating both FPRL1 and the low-affinity FPRL2 (138, 181). 

Activation of FPRs leads to the heterologous desensitization of chemokine receptors, such as 

CXCR2, which are strongly involved in the mobilization of hematopoietic stem cells (182, 

183). This means that chemotactically active suPAR2-3 may act as a classical chemokine being 

able to attract and regulate cell migration. Furthermore, a rapid release of suPAR2-3 by in vitro 

activated neutrophils has been identified. The actual biological function of this is still unclear, 

but it is hypothesized that the production of suPAR2-3 on sites of acute inflammation can 
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contribute to the recruitment of monocytes to these sites during an inflammatory response 

(184, 185). 

Origin of suPAR  

Under conditions of inflammation, uPAR is cleaved from the cell surface and converted to 

suPAR which is subsequently distributed in blood, urine and cerebrospinal fluid. Immune 

activation caused by infectious disease, autoimmune disease and a wide variety of solid 

tumors results in the cleavage of uPAR from the cell surface, thereby creating an easily 

detectable signal in the form of increased levels of suPAR in body fluids (186-189).  

In PCa, the exact source and biological role of suPAR is not clearly defined. In breast cancer, 

Holst-Hansen et al. reported that uPAR was directly released by the cancer cells in a cell-

dependent manner with a constant and direct correlation between cell number and amount of 

uPAR releases. In addition, Holst-Hansen et al. showed that tumor cells in breast cancer 

xenograft models could release uPAR into blood, and that the concentration of plasma suPAR 

is highly correlated with tumor volume (165, 190, 191).  

Shariat et al. propose that high levels of suPAR are, at least in part, prostatic in origin. This 

suggestion is based on the observation that suPAR levels tend to decrease after prostatectomy. 

Additional to the findings of Holst-Hansen et al. on breast cancer cells, these results suggest 

that direct local production by cancer cells significantly contributes to the increased 

circulating levels of suPAR in patients with PCa (190, 191). The increased shedding of uPAR 

could be caused by the release from the surface of tumor cells and/or stromal cells in the 

cancer tissue, as a result of increased intra-tumoral proteolysis. However, the release of 

suPAR from the tumor and into the blood may not be proportional to the amount of uPAR 

present in the tumor tissue. Riisbro et al. did not find any correlation between suPAR levels in 

serum and tumor cytosols of breast cancer patients, suggesting that the increased levels found 

in breast cancer patients could not have been solely the result of an increased amount of 

uPAR being shed from the primary tumor tissue (192).  

In accordance to these findings, a growing body of evidence support the theory or suggests 

that some of the increase in blood suPAR levels could occur because of a systematic reaction 

to the cancer cells, including activation of monocytes and neutrophils (190-192).  
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1.7. Soluble uPAR levels in blood reflect underlying pathology 

In healthy individuals the median concentration of suPAR is, according to Stephens et al.,  

relatively low and has been cited as 1.2 ng/mL in both serum and plasma (186, 193).   

The suPAR levels are present in various concentrations depending on the activation level of 

the immune system, and several studies have focused on the suPAR levels during infectious 

disease and among intensive care-treated patients. In a study by Koch et al., the prognostic 

impact of suPAR was demonstrated by measurement of serum suPAR concentration in 

critically ill patients at a medical intensive care unit. Samples were obtained by the time of 

admission, prior to intensive care treatment, as well as during the first week of clinical course. 

Compared to healthy volunteers, critical care patients showed significantly elevated suPAR 

levels in serum. In addition, critically ill patients with low suPAR levels upon admission, day 

3 and on day 7 of the clinical course, had a significantly better outcome during the one year 

follow up. Based on these observations, Koch et al. suggest that suPAR in serum might be 

utilized as a marker to assess disease severity in critically ill patients (194). Further, they note 

that suPAR is a stable and robust marker exhibiting favorable properties due to its high 

stability in serum samples and limited circadian changes in plasma concentrations. Other 

studies have demonstrated that suPAR levels in serum and plasma also remain constant 

through several freezing and thawing cycles and are more stable in room temperature 

compared to other markers (195, 196).  

Similar to high-sensitive C-reactive protein (hsCRP), suPAR is believed to be a marker of low 

grade inflammation. Eugene-Olsen et al. have indicated that elevated suPAR levels in plasma 

are associated with the increased risk of developing cancer, cardiovascular disease (CVD), 

diabetes and mortality in the general population. The suPAR levels were measured in 2,602 

individuals over a 12.5 years period, and the presence of an elevated baseline suPAR level 

was associated with an increased risk of disease and mortality during the course of the study. 

These findings indicate that suPAR might be used as an early warning, inflammatory 

biomarker that potentially may improve the current ability to predict the development of these 

major diseases, and also to predicting mortality. Further studies are however warranted to 

confirm whether the associations between suPAR and diseases are present in other 

populations, as the study by Eugene-Olsen et al. only included Caucasian participants (197).  

Moreover, enhanced levels of suPAR in blood have been found in several pathological 

conditions including human immunodeficiency virus (HIV), malaria, active tuberculosis, 
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sepsis, pneumococcal- and streptococcal pneumonia bacteraemia. Various forms of solid 

tumors such as lung-, breast-, colorectal-, ovarian- and prostate cancer have also shown 

elevated levels of suPAR. Enhanced suPAR levels in all these conditions have been found to 

be associated with an unfavorable prognosis (186, 193, 194, 198-209). 

1.8. Elevated suPAR levels appears to be associated with aggressive PCa 

In PCa, high levels of suPAR have been found in more aggressive tumors. Shariat et al. 

measured the plasma levels of suPAR in patients who underwent radical prostatectomy for 

clinically localized PCa, patients with PCa metastases to regional lymph nodes, patients with 

newly diagnosed PCa metastases to bone and healthy individuals. The results showed that the 

levels of suPAR were elevated in patients with PCa compared to healthy individuals. In 

patients with PCa, levels of suPAR were significantly higher in patients with bone metastasis 

than patients with lymph node metastasis, which in turn had higher levels than patients with 

non-metastatic PCa (191).  

Similar findings have been reported by Miyake et al. Measurements of serum suPAR in 54 

healthy controls, 62 BPH patients and 72 PCa patients showed that the suPAR concentration 

where significantly higher in PCa patients with metastases than in those without metastases. 

In addition, the mean serum levels of suPAR in patients with PCa appeared to be enhanced 

compared to those in BPH patients and healthy individuals (205).  

Further, Shariat et al. demonstrated that among the patients with clinically localized PCa who 

underwent radical prostatectomy, higher preoperative levels of suPAR were associated with 

patients with features of biologically aggressive PCa compared to patient with features of 

non-aggressive progression. However, the authors of the study were not able to demonstrate 

that the collective amount of suPAR was a predictor for biochemical progression during the 

follow-up time, and a possible value of suPAR as a prognostic marker in PCa must be 

evaluated in a larger cohort of patients (191).  

Based on the results from these two studies, an association between suPAR levels and PCa 

progression has been suggested. Both plasma and serum levels of suPAR indicate the degree 

of PCa progression and patientsô prognosis, and measurements of suPAR might therefore 

serve as a useful adjunct to current conventional diagnostic tools.  
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1.9. The role of suPAR in early PCa detection 

Specific immunoassays have been developed to enable quantification of the individual 

fragments of suPAR (71, 210). In a clinical study, a cohort of men referred for prostate biopsy 

were used to assess whether measurements of intact and cleaved suPAR might discriminate 

patients found with PCa from men with no evidence of malignancy. A significant difference 

in levels of suPAR1 and suPAR2-3 was found in men with PCa compared to men with no 

evidence of cancer. The selective detection of suPAR fragments suggested enhanced 

discrimination compared to the PSA test, indicating that measurement of the individual 

suPAR forms in serum might improve the specificity of PCa detection and be complementary 

to PSA  for PCa detection (71, 211). 

To further investigate this, Steuber et al. measured several PCa-related biomarkers in serum to 

evaluate if a combination of these could improve PCa detection. The results showed a 

significant association of PSA, free PSA and suPAR forms with the presence of PCa on 

biopsy. This indicates that free PSA isoforms and different suPAR forms might be used to 

improve the selection of patients for PCa biopsy, thereby enhancing the diagnostic accuracy 

of early cancer detection when combined with total PSA and age (212).  

Further research of larger cohorts of men is, however, warranted to confirm these results. The 

use of combined biomarkers, including suPAR, might allow clinicians to estimate the 

probability of a positive biopsy of an individual patient and thereby selecting appropriate 

patients for prostate biopsy. Clearly, no single analyte is likely to achieve the desired level of 

diagnostic accuracy for early PCa detection (55).  

1.10. The aim of the thesis  

As described in the preceding chapters, previous studies provide arguments and findings to 

substantiate that serum levels of suPAR may be linked to PCa. The PA-system has been 

reported to participate in the degradation of ECM and BMs during cancer invasion and 

metastasis. The levels of suPAR are argued to reflect the activity of the PA-system and are 

therefore considered to be informative for the identification and prognostication of PCa.  

However, previous studies utilizing serum measurements of suPAR for early detection of 

PCa, have reported conflicting results. Miyake et al. found a statistically significant difference 

in the suPAR values between BPH- and PCa patients, with higher levels in those with PCa 

(205). In contrast, McCabe et al. measured increased levels of suPAR in both BPH and PCa 
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patients compared to healthy individuals, but they were not able to establish a statistically 

significant relationship between suPAR levels and the presence of BPH and PCa (211). 

With limited literature giving contradictory conclusions as basis, this present thesis aim to 

quantify the serum concentration of suPAR in BPH- and PCa patients and to determine 

whether there is a statistically significant difference between the two groups. Elevated levels 

of suPAR in PCa- compared to BPH patients might implicate that quantification of suPAR in 

serum could improve the discrimination of cancer from benign patients, which in turn is 

important as these diseases have distinct treatments and medical interventions. 
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2. Materials and methods 

2.1 Selection of cohort 

Blood samples were obtained with informed consent (see appendix 7.1) from 41 patients at 

Orkdal Hospital and St. Olavs Hospital between September and December 2012.  

21 samples were collected from BPH patients hospitalized for surgery at Orkdal Hospital. The 

blood samples were obtained at the same day as surgery, and the mean age of the patients 

were 70.8 years (range: 59-82 years). 

The remaining 20 samples were collected from PCa patients with small volume cancer, 

characterized by a Gleason score of 6 (3+3) and a PSA Ò 10 ng/mL. Blood samples were 

obtained during a routine visit to the cancer policlinic at St. Olavs Hospital, and the mean age 

of these patients were 63.7 years (range: 57-75 years) 

All samples were drawn before any prostatic manipulation. Patients receiving treatment for 

their prostatic disorder were excluded from the study. A previous study demonstrates that the 

suPAR concentration in blood decrease after radical prostatectomy, indicating that removal of 

the prostate, or part of the prostate, might eliminate the cells from which suPAR originate 

(191).  

2.2 The material of choice 

All samples were collected to the Regional Research Biobank of Central Norway and 

registered in their database. The remaining material after completion of the present thesis will 

represent a valuable resource for future studies, and for this purpose the biobank requested a 

collection of serum samples.  

The Nord-Trøndelag health study (HUNT) research biobank store large quantities of serum 

samples and additional information about participantôs health status. The collection of serum 

samples in this project opens for collaborative studies with HUNT in the future. 

Previous studies quantifying suPAR concentration in BPH- and PCa patients have not 

reported any disadvantages of the use of serum samples as the material of choice (71, 205, 

211). A quantitative study of healthy donors demonstrated that all forms of blood preparations 

(serum, citrate plasma, EDTA-plasma and heparin-plasma) are suitable for determination of 

suPAR concentrations (186).  

Based on this information, serum was decided to be the material of choice.  
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2.3 Blood collection and preparation 

Peripheral venous blood was collected on serum tubes (Vacuette®l) with gel and centrifuged 

at 2500 gravy (g) in 15 minutes in room temperature. Serum was apportioned into six aliquots 

(500 ɛL each) and immediately stored at -80 ºC.  

After blood collection, each sample was fully anonymized and the only personal information 

obtained was age and gender. Consequently, the possibility to trace the sample back to the 

identity of the patient emanates, and the scientist is not able to obtain further information 

about the sample. Furthermore, the participantôs right to demand destruction, deletion or 

surrender of biological material does not apply to anonymized samples as stated by the Health 

Research Act (§16). 

The BPH samples were collected and prepared by the laboratory staff at Orkdal Hospital, and 

thereafter they were sent directly to St. Olavs Hospital to be apportioned into aliquots and 

stored. Procedures for blood sampling, sample preparation and transport were distributed to 

May-Britt Sætre and Eva Gundersen at the laboratory (see appendix 7.2 and 7.4). 

The PCa samples were collected at the Cancer Polyclinic of St. Olavs Hospital. The samples 

were centrifuged, apportioned into aliquots and stored at the laboratory. Procedures for blood 

sampling were distributed to the urotherapist Inger Stokkan at the polyclinic (see appendix 7.3 

and 7.4).  

2.4 Collection of samples to the Regional Research Biobank of Central Norway  

The Regional Research Biobank of Central Norway is a research facility where collections of 

human biological material, mostly from patients, are stored. A flexible database store relevant 

sample information, medical information regarding the patients from whom the samples 

originate and information obtained from analyzing the samples (213).  

2.4.1. Establishing a new project in the biobank 

All serum samples obtained in the present thesis were entered into the biobank as a new 

project. In general, every research project must have an approval from the Regional Ethical 

Committee (REC) before start. The REC evaluates the ethical values concerning the objective 

and method of the project, the consent and confidentiality, as well as the risk and security for 

the participating individuals. 
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Approval from REC was obtained in a previous study organized by the biobank, where a 

reference range for suPAR in serum and urine was established. The same approval was used 

in the present thesis with some amendments related to end date, number of participants and 

changes to the recruitment procedure. According to the Health Research Act (§11), an 

approval from REC must be submitted for amendments to the projectôs purpose, 

methodology, duration or organization. The REC had no ethical objections to the change of 

the project, allowing the project to continue under the new conditions (see appendix 7.5).  

Before the present thesis were granted an account in the biobank database system, all users 

had to sign a safety- and declaration of confidentiality form, stating to not link samples to the 

personal identity of the donor due to private lists (see appendix 7.6) . A declaration of 

confidentially to Helse Midt-Norge iT (HEMIT), the operator of the database system, was 

also endorsed (see appendix7.7). 

2.4.2. Registration of samples in the database  

The database of the biobank is constructed to automatically encrypt the personal identification 

number by using a strong encryption algorithm, making the samples and the associated 

information completely anonymous to the scientists. The link between the patient identity and 

the encrypted number are kept under strict access control, in key files separated from the 

project data (213).  

In the present thesis, the samples were fully anonymized directly after blood sampling and no 

personal identification number was available. To be able to register samples in the database, 

dummy numbers were generated to replace the personal identification numbers normally 

registered on every donor. 

Further, the database generates a unique identification number for each sample. This number 

is a combination of the biobank identification number, a project number and a sample 

identifier. This unique number can be converted to a machine readable barcode. The barcode 

is printed on a label sticker and attached to the sample container.  

The following figures (figure 2.1 to 2.5) illustrate the steps when entering a sample to the 

database of the biobank.   
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Figure 2.1: Generation a dummy number using an Excel script. The present thesis obtained anonymized 

samples, and the age and gender was used to generate dummy numbers. Note that the figure is only to illustrate 

the procedure and the generated number was not used in the study.  
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Figure 2.2: Adding a new sample to the database of the biobank. When a new sample is added, the date of 

sampling (1) as well as the dummy number (2) is entered into the database. The consent form and the time of 

signature is also added (3). 

 

 

Figure 2.3: Characteristics of the sample. Data concerning sample date (1), age (2), sex (3), blood fraction (4), 

diagnosis (5) and storage (6) is added to the database. Only men were participating in the study and serum 

samples were obtained. For the diagnosis, either BPH or PCa were selected. The samples were stored in a freezer 

at - 80 ° C.  

 

 



38 

 

 

Figure 2.4: Location of the samples in the biobank.  The exact location and position of each sample in the 

biobank is registered in the database. Samples are placed in a boxes in positions ranging from 1-91 (1). The box 

is placed in specific racks and positioned in particular shelfs in the freezers of the biobank (2).  
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Figure 2.5: Bar codes is generated and attached to the sample tube. The bar code number is then converted 

form of the unique identification number for each sample unit. The number is a combination of the biobank 

identification number, a project number (i.e. the identification number of the project in which the original 

specimen was acquired) and a sample identifier (i.e. a serial number). 

 

 

Figure 2.6: Overview of saved samples. A donor number is generated from the dummy number. 
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2.5 M easurement of suPAR concentration in serum  

The IMUBIND® uPAR ELISA Kit (American Diagnostica, see appendix 7.8) was used for 

the quantitative determination of suPAR in serum. This ELISA kit was made available for the 

project and alternative kits were not evaluated.  

ELISA is an abbreviation for ñenzyme-linked immune-sorbent assayò and the principle of the 

assay is illustrated in figure 2.7. In the assay, the uPAR standards of 0.00, 0.25, 0.75, 1.5, 2.0 

and 3.0 ng/mL and patient samples (100ɛL) were added in duplicates to the plate of 96-

microwells. The microwells are precoated with a solid phase of mouse monoclonal uPAR 

antibodies (figure 2.7, step 1). When standards and samples were added, the suPAR antigen 

binds the monoclonal uPAR antibodies (figure 2.7, step 2). 

Following overnight incubation, a washing procedure was performed to remove unbound 

material. Washing buffer (300 ɛL) was added to the microwells by using a multi canal pipette 

(Eppendorf Xplorer plus, range: 50-1200 ɛL). Subsequently, biotinyl-labeled secondary anti-

human uPAR (100 ɛL) were added to the microwells. These antibodies recognize the bound 

suPAR molecules and create a ñsandwich complexò (figure 2.7, step 3). 

 

 

Figure 2.7: The principle of IMUBIND ® uPAR ELISA (appendix 7.8).  
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Following a new washing step, the enzyme conjugate (100 ɛL) was added. The conjugate 

consists of streptavidin conjugated horseradish peroxidase (HRP). During the one hour 

incubation, streptavidin binds biotin of the secondary antibody to complete the formation of 

the antibody-enzyme detection complex (figure 2.7, step 4). 

Following another washing step, perborate/3,3ô,5,5ô-tetramethylbenzidine (TMB) substrate 

(100 ɛL) was added to the microwells. As depicted in figure 2.8, the reaction between the 

enzyme and the substrate creates a blue colored solution in the microwells (figure 2.7, step 5). 

The more suPAR a sample contains, the more intense is the blue color which develops.  

After 20 minutes of incubation, the color development was stopped by the addition of 

sulphuric acid (H2SO4) (50 ɛL). The color of the solution changes to yellow (figure 2.7, step 

6). A plate of microwells after addition of H2SO4 is depicted in figure 2.9.  

The absorbance at 450 nm was measured using a microtiter plate reader (depicted in figure 

2.10). To calculate the suPAR concentration, the corrected absorbance of all wells must be 

calculated by subtracting the absorbance of the blank standard (0 ng/mL).  

The standard curve was constructed in a linear system by plotting the corrected absorbance of 

the standard (ordinate, y-axis) against the corresponding suPAR concentration (abscissa, x-

axis), and draw the best fitting line. The determination of the suPAR concentration of the 

patient samples was performed by interpolation on the curve. The mean suPAR concentration 

of the duplicate samples was calculated and used for further analysis.  
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Figure 2.8: The 96-microwells after TMB substrate is added. The more suPAR a sample contains, the more 

intense is the blue color which develops. 

 

Figure 2.9: The 96-microwells after addition of the stop solution, H2SO4. The blue color development in the 

microwells is stopped, and the color changes from blue to yellow. 

  

Figure 2.10: The absorbance (450 nm) is measured by Perkin Elmer microtiter plate reader delivered by 

EnSpire. 
















































































































































