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Abstract

The plasminogen activatosystem isassumedto play a key role inthe degradation of
extracellular matrix and basement membgai@uring caner invasion and metastasis, the
activatedplasminogen activat@ystemcleaves plasmino@n to theactive plasminPlasmin is
able todegradea wide range oéxtracellular matrix proteinsitherdirectly or indirectly by

activation ofadditionalproteolytic enzymes

Accumulating evidence hahown that theirokinase plasmogen activator syste might be
upregulated in mny types of maligancies including prostate cancer. Previous studies have
found anassociation between the soluble form of the urokinase plasminogen receptor,
abbreviated as suPARNd thedevelopment angrogression bprostate cancelFurthermore,

it has been proposed that tpeantification of SUPAR iserummight serve as useful adjunct

to current conventional diagnostic tools.

Published literature is limitedegardingboth the suUPAR levels inpatients diagnosed with
benign prostate hyperplasia (BPat)dthe differences in sUPAR concentration between BPH
and prostate cancer patients the present thesishe serumlevels of suPARn BPH- and
prostate cancer patits are thereforguantified to determinewhether there isa statistically
significant diference between the two groups.

The present thesis concludésat there is natatistically significant difference in the suPAR
concentration beteen BPH patients (media@.22 ng/mL) and prostate cancepatiens
(median 0.17 ng/mL)However, methodologicalimitations of theimmunoassaitilized for
suPAR quantificatiorwas encounteredand frther studies arevarranted to give an exact
estimation of thesuPAR concentration in BRHEnd prostate canceatients.In addition, due
to limited published literatureit was difficult to define the normal or abnormal leveil$
SUPAR

The serum samplesbtained irthe presenthesisare stored at the RegiorfaésearciBiobank
of Central Norwayand areaccessible dr future studies.By including samples from the
HUNT research biobankt might be achievable tobtaina larger cohort ofesum smples

andfurtherinvestigate theole of SUPAR as predictor of prostate cancer progression.
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1. Introduction

1.1. Theprostategland

The prostates an andogenregulatedgland of the male reproductive system. Tlyand
producesa fundamentalpart of the seminal fluigd providing optimal enwonment and
conditionsfor the activity and survivalof the spermcells The components of the prostatic
secretions includeitric acid, acid phosphatase aselveral protein digesting enzymes sash

the prostate specific antigen (PRACitric acidcan be used by sperm for ATP protian via

the Krebs cycle, whered®SA serves to liqguefy the semen by cleavage of the gel proteins

seminogelin land Il of the seminal fluidl, 2).

The currenttonsensuamodel of prostatic anatonig based on the work diohn E.McNeal

In a number of autopsased studies, McNeatdefined the anatomic perspective of, and
terminology for, the prostate glandhe work of McNeal demonstratethat the human
prostate gland is a composite organ that loarhistologically divided into threglandular
zones and a fourth nonglandular region termed the anterior fiboromuscular stroma)(AFMS
The AFMS isa wedje-shaped stromal barrieoccupying much of the anteromedial prostatic
tissuethat shields the prostatic urethra and glandular zones from overlying stru¢Byres
Figure 1.1further explains andlustrates the zonal organization of the prostate.

The histological architecture of the prostate inclutkes major cell types: Rithelial and
stromal cellsEpithelial cells can be divided into different grougfsurothelial (transitional),
secretory (luminal), basal and neuroendocrine ,catidtheyarearranged irglands consisting
of ductswhich branch out from the urethra and terminate in adihe stroma, wrounding
the prostatic glands, contairsnooth muscle cells and fibroblast. Blood vessetsue
infiltrating white blood cellsperipheral nervesind gangliaare additional constituent cell

elements of the normal human prosi@tes).



1.2. Pathology of the prostde

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 atheogeneous mix of conditions. According to the Natidnatitute

of Health (NIH), these conditions can lévided into different subtypes including acute
bacterial prostatitis, chronic bacterial prostatitis, chronic pelvic pain syndrome (CPPS) and

asympbmatic prostatiti¢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 asgscherichia coliard Klebsiella, Proteus, Pseudomonasand Enterococcus species

Left untreated, acute bacterial prostatitis tzad to overwhelming sepsis 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 montBs

The majority of patients with praaitis 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 ©PPS is pain and tenderness attributed to the prostate,
or less common, the pelvis. In contrast, patients affected by asymptomatic prostatitis do not
havethese symptoms. These patieate commonly diagnosefdr asymptomatic prostatitis

by prostatic resdmon or biopsy specimerwhenbeingexamined foBPH or PCg8-10).

Studies have suggested that chronic inflammation of the prostate might play an important role
in the development of BPH and PClizhe 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 prostaitfint

therefore, in theory, participate tine prevention of inflammatioaissociated PCA.0-12).



Urethra

AFMS

Figure 1.1: Zonal organizaton of the prostate. Modified from Shahet al (4) . The prostate gland is lozed

directly below the urinary btider and in front of the reatuwhere 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 atitkigone of thgrostate that isnost 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 peipheral 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 kudoeptib

inflammation and prostate can¢@ér 4).

1.2.2. Benign prostate hyperplasia

BPH is defined as the anmalignantenlargement of the prostate glamdistologically, it is
characterized as hyperplasia of epithelsald stromal cells, with excessive nodular growth in
the transitional zone of the prostdfigure 1.1). The proliferation rate increases aboutfid
37-fold in prostate epithelium and stroma respectively, suggesting that the prostate

enlargement in BPH is primarily caused by the hyperproliferation of stroma(tais).



An estimated 2% of menbetween the age of 50 to 60 yeaes/e histological evidence of
BPH, increasing tanore tharb0% for menolder than60 years With the prolonged average
life span, increasing elderly populati@nd increasing incidenc&PH has become a major

disease of significant intere@t6, 17).

The clinical relevance of BPH ikighlighted by the fact that up to 30 of elderly men
develop lower urinary tract symptoms (LUTSyhich includeurinary hesitancy, équent
urination, reducedurine flow and uriary retention. This explainthe fact thatransurethral
resection of the prostate (TURP) rensaome of the most common interventions in elderly
men. Delayed treatmentan causesevere complications, for exampldeeding from the

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

Although the pathogenesis of BPHcemplex anditill unclear severalmecharsms appeato

be involvedin the development and progression of the disedbe role of androgens,
including testosterone and dihydrotestosterone (DHT), in the progression of BPH is well
established20). Testosterone anDHT exerttheir function by binding to nuclear androgen
receptors located in strorrand epithelial cells, which in turn promotes the transcription of
growth factors, including epidermalayrth factor (EGF).The EGF is an important mitosis

and proliferation promoting factor thathkeen shown to playrale in the development of

the prostate after binding to its specific receptor, EGFR. Upon interaction with EGF, EGFR
induces the phosphdation andactivation of STAT3 (signal transducand adtvator of
transcription 3, a transcription factor essential for cell survival and proliferation. The
phosphorylation of STAT3 in the cytoplasm induces its homodimerization, nuclear
translocation an®NA binding, resulting in the expression of genes that mediate proliferation
and prevent apoptosis. Abnormal activatiortle$ EGF/STAT3 pathway causes an increase

in the total number of epithelial and stromal cells, whapipears to bassociated withhie
development of BPH21).

Furthermore, severatudieshave indicateda significant association between inflammation
and BPH severity and progressi@2-25). Inflammatory infiltrates are frequently observed in
resectios and biopsies from patients with enlarged prostatadcorrelation between urinary
symptom severity and intraprostatic inflamton has been proposé2i4, 25). Although the

exact mechanisms of inflammation to prostate growtmateyet fully understood, activation

of macrophages or lymphocytes and secretion of cytokines to trigger abnormal growth
appears to be importamddditionally, recent clinicalstudieshave suggested a relationship
between prostatic inflammation and LUTSasated with BPH26, 27).
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1.2.3. Cancer of the prostate

Human P@ s a significant cause of cancer morbidaiyd mortality worldwide. In the period
20062010, an average of 4264 new cases were diagnosed per year in Norway. This
corresponddgo around 30% of all new cancer cases in men, making itnib&t commonly

diagnosed cancer in mé¢ag).

PCa is a heterogeneous and multifactorisgase that proceeds through nplétpathological

and cytological stage$n general, the etmathogenesis occurs through the formation of pre
canerous lesions designated as prostaiaepithelial neoplasms (PIN$rogression of PIN

to locally invasiveadenocarcinomand metastatic disease stafidkows, often acompanied

by the acquisition ofandrogerindependent disease @&t (29-31). Although the
etiopatholgical causes of th&®Ca development are not well established, the risk factors
associatedwith PCa often include intense oxidative stress,hronic inflammation and
hormonal changedn addition, avancing agelso appeardo be particularly importani{20,

32, 33).

Multiple studieshaverevealed that alterations key gene poducts and molecular pathways
typically occur along PCaetiopathogenesis and progressi@v-37). The geneticand
epigenetic disruption and/or decreased expression of dige tumor suppressor genes
contrdling cell cycle progressionmight provide critical roés for PCa developm#. In
addition,the sustained activation of diverencogenic signalingascadesippears tgrovide
fundamentalfunctions for PCaprogression to locally invasive, metastatic aattrogen
independenPCa For examplethe dowrregulation of theumor suppresor geng27 appears
to promote cell cycle progression and growth of PCa cells, wileenhanced expression of
antrapoptotic factors (Be2) might provide their survival(34-37). A selection of the cellular
signaling pathways and genethat appeardo be involved inthe etiopathogenesis and

progressiorof PCa isschematicallyllustrated in figure 1.2.
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Figure 1.2: Cellular signaling pathways and gees involved in sustained growth, survival, invasion,
metastass and treatment resistance of PCa. Based on Mimeaudt al (35). The accumulation of different
genetic and epigenetialterations can lead to a domgulation of diverse tumor suppressor genes such as
phosphatases tensin homolog (PTEN), retinoblastoma (Rb), @efiendent kinase inhibitor p27,
homeodomaircontaining transcriptiorfactor NKX3.1 andp53. The dowregulations are combined with a
persistent activation of oncogenic signaling pathways, including the receptor tyrosine kinases (RTKs), sonic
hedgehog SHH/PTCH/GLI, Wifit/catenin and the downstream effectors PI3K/Akt, nuclear faeppa B (NF

aB) and mitogeractivated protein kinases (MAPKSs). The result is an upregulation of the expression of different

target genes that are involved in the malignant transforméiba7).

Regions of focahtrophic prostate epithelium hakesnidentified in aging men, frequently in
association with ahronic inflammatory response. These imts usuallyexhibit increased
epithelial proliferation and have been termed proliferative inflammatory atr@tidy (38).

Studies suggest that regions of Pifight 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 antrinflammatory drugs could reduce the risk of PCa. In fact, a recent study demonstrates
that the use of certain nonsteroidal antiammatory drugs might be associatedh a small
reduction in PCa risk. However, further studies are warranted to confirm the observed

associationg41).



Localy invasive PCa can be well treated bbgdical prostatectomy with good prognosis. By
contrast, advanced PCa is mainly treated with andrdgenvation therapy, but drogen
independent lesions maywentually develop and result in the lethal disease termed castration
resistant PCa. Thendroger-deprivation carcause cancer regression since without androgen
the rate ofcell proliferation is lower than the rate of apoptosis, causing an extinction of the

cancer cell¢31).

Both local and castration resistant PCa can metastdeizifferent organs, includingone

lung and liver. Metastasis is defined as the formation of progressively growing secondary
tumors at sites disctinuous from the primary lesio(42). At date, there is no curable
treatment for metastatic PCa and the median survival is about ong4gaiThe early
detection of PCa, before it develops into an incurable stage, is therefore e$serta
effective treatment and positive clinical outcome of patients. The routine sszunh PSA
testing has improved PCa detection and early diagnosis, but the role of PSA as a biological
marker (biomarker) for PG@&mains controversig4).

1.3. Prostate specific antgen

PSA is a serine protease produced by the lunteds 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 P®&&utes, leading to

a concentration of <4.@g/mL in serum.Hence, he concentrationsi approximately one
millionth part ofthe PSA concentration in seminal gfaa (0.55.0 mg/mL). This significant
difference in concentratiois one of the reasomghy PSAis argued to ba useful biomarker

for prostatic diseas@, 45).

However, PSA has signiiat limitationsas a biommarker for PCa. The PSA level of 4.0
ng/mL has been proposed as the upper limit@fribrmal range in serum, but this threshold is
not well documented andefined(46). In fact, astudy byThompsonret al. demonstratethat
PSA levelsO 4 ng/mL are commonly found in men witiopsy-detectedcancey including
men with advancedcancer This might indicate that the threshold @0 ng/mL can cause
underdiagnosis and undertreatment of céiflic significant disease. Loweringne threshold
could on the other handause anincreasd risk of overdiagnosis and overtreatmeuit

clinically unimportant diseas@?).

The ability of PSA to accurately detethe presence of PCa is limited. In ttieculation

elevated levels of PSA can bieven by conditions other than PCa such as Bftdstatitis,
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ethnicity, ageand body mass indeXAs a consequenc@bout 6630% of positive prostate
biopsies are due talsepositive PSA value§5).

An attempt to improve the power of PSA abi@narker includes the a®f agereferencd
PSA levelsandidentification of additional PSAelated biomarkers present in the circulation
(48-50). Clinical studiesof free and complexed PSAave significantly enhanced cancer
specificity comparedto the PSAtest alone The serum levels ohuman kallikreirrelated
peptidase 2hk2) and variousree PSA subfractions have been reported to differ significantly

in benignversusmalignantdiseasef the prostee (51-54).

A report by Mikolajczyk et al. proposeshat multiple biomarkers are needefbr the early
detection and prognostication of PCAs postatic diseasis multidimensional Mikolajczyk
et al. claims thatindolent cancer, malignant cancemgtastatic canceand BPH all must be
differentiated as each dhese have distinct treatments and medical interventiofs).
Howeve, the prognosticvalue of the abovementioned additional biomarkers appeane

limited, andtraditional method$or grading and staging aused.

1.4. Grading and stagingof PCa

Grading refers to the microscopic tei®gical characteristics diimor tissueand is based on

the Gleasonmring system. This is a scalar measurement that saingéumor biopsyrom 1

to 5, with Gleason grade 1 being the most and Gleason 5 being the least differentiated (figure
1.3). A primary and secondary gradecigssifiedfrom thetwo most abundant patterns of the
tumor, and thesum of the two grades is the Gleason score. A high Gleason score does not
necessarynean thathe cancer has spread, lpuédicts the likelihood of the cancer to spread

if left untreated56, 57).

Pathological staging isnather determinant of PCa prognoaisd relies on the TNM system.

The T is the extentfdumor, N is the presence or absence of disease in the regional lymph
nodes and M is the extenof metastatic diseaseStage 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 prastgéeT 3 refers to

tumor spread outside the prostate, Wia indicaing extensions into extraprostatic fat3b

indicating unilateral seminal vesicle spread, &r8t indicating bilateral seminal vesicle

spread. Spread to the urinary bladder or rectuntaiged4. The involvement of pelvic or

8



inguinal lymph nodes is denoted by N1, with NO meaning no positive nodes. Metastatic

disease is categorized as Midith MO meaning no metastagiss).

Figure 1.3: Overview of the Gleason sgtem Modified from Epstein, J.l. (56). The different Gleason scores
are marked with number-8). Gleason sore 1 is composedff circumscribed noduteof uniform, single,
separate andoselypacked glands. The glands of Gleason score 2 are notfagmasglands of Gleason score
1, butare more loosely arrange@leason score 3 is composed of single glands, and the tumtaiefilin and
amongst nomeoplastic prostate acini. The neoplastic glands showedarriation in shape and siZ&leason
scored consist of cribriform glands or fused;dkfined glands with poorly formed glandular lumina. In this
pattern the glands @amno longer single and separate as in patt&nFinally, Gleason pattern 5 shows no

glandular differentiatiomomposed of solid sheets, comtssingle cell§56, 57).



1.5. The controversial relationship between BPH andPCa

A link betweenBPH and PCdnas been recognized since the first autopsy studies of prostate
gland in the 1950sThe aiginal hypotheses wereabed on studies documenting the presence
of bothBPH and PCat autopsyln more recent studie&, has been found thaipproximately
20% of men with PCalso have BPH andcancer has beebund incidentally in 10% of
surgically removed BPH specimef#9). However,it remainsunclearwhether theassociation
indicatesa caisal link, shared risk factors, shaneathophysiological mechamsor simply
anincreased surveillance and examination of patients BRH leading to the diagnosis of
PCa(16).

Although the twagpathological conditionsommonly coexist, it is widely thought that BPH is
not a premalignant lesio33). The differences in histology and anatomic location in the
prostate gland support this hypothe®$H is histologically characterized by hyperplasia
stromal and epithelial cellsvhereas PCa inWes complex histopathological changes in the
glandular epitheliumFurthermore,BPH is known to develop from the transitional zone,
while PCausually originate irthe peripheral zon&he conditions coexist in the same zone in
only about 20% of the casé&3 60, 61).

Schenket al recently examined the amsation 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 PCalowever, no significant association wadetected between
symptomatic BPHandPCa(62).

Despite thalifferences, BPH and PGdsoshare some importanharacteristicsBoth dsplay
an increasingrevalencewith age, both require androgens for growth andettgmentand
bothrespond to androgedteprivation treatment®9, 63, 64). In addition a number oftudies
haveindicated that chronicnflammationmight bea common risk factor for both BPH and
PCa(22, 39). If BPH really isa causal factor foPCa developmenknowledge about thisnk
could enable physicians to intervene at an earlier stageeby reducing the developmerit
PCaandthe number of metastat PCa(16).

The similarities and differences of BPH andd&Pare summarized in table 1.1.
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Table 11: Similarities and differences between BPH and PCa

Prevalence with age

Androgens

Androgen deprivation

Commonanatomic location

Histology

Premalignant potential

BPH

Increases

Required for growth

Can decrease growth

Transition zone

Stromal and epithelial cells

None

PCa

Increases

Required for growth

Can decrease growth

Peripheral zone

Glandular epithelium

Although BPH can cause morbidity and reduce the quality of life nibtis lethal diseageer

se In PCa one of the major causes of morbidity and mortality is metastatic di§Basés

illustrated in figure 1.4, thenetastatic process iscascade encompassingultiple stepsin

the initial step the tumor cd$ disseninate from the primary tumor ttocally invade the

surrounding stromadnce present in the stromal compartment, tumor cells can gain access to

the blood and lymphatic vessadad subsequently intravasaiene circulatory systenthen

provides trangort of tumor cells to distant sites were they may extravasate and establish
metastatic lesion@l2, 66, 67).
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Figure 1.4: The metastatic cascadeDissemination of carar cells from the primary tumor anocal

invasion constitutethe initial step of the metastatic casca@eoteolytic enzymes degrade basal
membranes and extracellular matrso that tumor cells can pass through local stroma and
subsequentlypenetrate the vessel wall. The intravasation into the circulatory syssdms transport
to distant sidegpossible. The tumor cells might then agestedin microvessels anéxtravasat to

establish metastatic lesio(¥2, 66).

As illustrated in figure 1.4the local proteolysis of the extracellular matrix (ECM) and basal
membranes (BMg§ at the core of the metastatic procs. A complex array of proteolytic
enzymes appesito be fundamental in lat proteolysis and among thesé¢he plasminogen
activator (PA) system is assumed to playital role (67, 69). In accordance to this, recent
studies havelemonstratedhat the components of the Bstemcould emerge as candidate
markers to distinguish between BPH and RTa71).
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1.6. The Plasminogenactivator system

As described above, extracellular proteolysis of BM and ECM is a prerequisite for cancer
invasion and metastasis, enabling tumor cells to pave thsirtlwaugh the surrounding
tissues.The PAsystem is a cascade reaction leading to the generation of the serine protease
plasmn, which is able to degrade a wide rangeexriracellularproteins, either directly or
through activation of other matrix degragliprotease/2-74).

Besides the role in ECM degradation, accumulating evidence has documented a role of the
PA-systemin several aspects of tumor developmeélttis includes tumor cell proliferation,
adhesion and migration, intravasation and extravasation, growth at the metastatic sites and
tumor neeangiogenesi$75-77). However, under normal conditiotise PA-systemis strictly
controlled, and most physiological processes associated with tissue remodeling, comprising
fibrinolysis and wound healing, depend on comgats of the PAystem(78-81).

The compaoents of the PAsystem includectivators (UPA, tPA), inhibitors (PAL, PAL2),

and a receptor (UPARThese components are presehinthe following sections.

1.6.1. Plasminogen and plasmin

Plasminogen ishe singlechain zymogen of plasmiand s predominantly synthesized in the
liver. At relatively high concentrationsplasminogen circulateg plasma and interstitial
fluids, but it is alsolocalized at the celsurfacebound toanexin Il andplasminogefRKT.
The colocalization of plasminogen witplasminogen activatowst the cell surface provides a

mechanism for acceleratpthsminogen activatio(82-87).

Plasminogens converted to active twohainplasmin through proteolytic cleavage catalyzed
by the plasminogen activatorsiPA and tPAThe generatedl@smin isan active trypsidike
serine protease witlelatively wide substrate specifici{@7, 88).

Although the primarily function of activated plasmis fibrin clot lysis, itcan also degrade
several components of the ECMcluding laminin, fibronectin, vitronectin and collagé3®,
90). In adlition, plasmin can activate certain proteolytic enzymes of the matrix
metalloproteinase (MMP<samily, including theMMP-3, MMP-9, MMP-12 and MMR13
(91-93). The MMPs have been implicated as key prases in removal of ECM barriers.
Combined activities of plasmin and MMPRdisplay an adequate proteolytic repertoire,

enabling degradation of most protein constitutes in the ECM ba{®i®xs
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Table 12: Components of the PAsystem(79, 94, 95)

Component

Plasminogen

uPA

tPA

PAI-1

PAI-2

uPAR

Mw (kDa)?

54

70

52

47/60

55

Cellular source

Mainly liver

Leukocytesmacrophages,
endothelial cells,mooth muscle
cells,epthelial cells, fibroblasts
andtumor cells

Endothelial cells, keratinocytes,
andleukocytes

Endottelial cells, platelets,
megakaryocytes, fibroblasts,
smooth muscleells, adipocytes,
hepatocytes animor cells

Monocytes, macrdpages,
keratinocytes antumor cells

Leukocytes, macrophages,
endothelial cells, keratinocytes,
fibroblasts, smoin muscle cells,
megakaryocytes artdmor cells

Main function

Proenzymeof plasmin
Converted to plasmin by
uPA and tPA

Plasminogen activation during
cell migration and invasion

Plasminogen activation during
fibrinolysis

Inhibition of uPA and tPA.
Regulatorof cell migration and
invasion

Inhibitor of mainly uPA.

Localizes ceHassociated
proteolysis through binding of
uPA. Also plays a role isignal
transduction, cell adhesioné
migration, chemotaxis, and
proliferation

& Mw, molecular weight in kileDalton (kDa).

® Depends on degree of glycosylation.
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1.6.2. Plasminogen ativators: uPA and tPA

There are two types of plasminogen activators, tPAURE, both capable of catalyzing the

conversion of plasminogen to plasmin

The uPA molecule isecretedas an inactive singlehain urokinase (scuPA). Before uPA can
exert its major biological function, to convert plasminogen to the active plasmin, scu$tA m

be proteolytically converted into an active enzy(®6). Activation of twachain uPA occurs
through cleavage of the Lyslleisg peptide bondafter scuPA has bound to iteceptor,

UPAR (described in chaptelr.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 feedbacktype activation97, 98). In addition to plasmiralso matriptase, hepsin,

serase B andcertain MMPs are capable of generating active (%A101).

Like uPA, tPA is secreted as a singleain precursor that is converted into active-tain

tPA through poteolytic cleavage by plasmifi02). Despitestructuralhomogeneity, tPA is
primarily involved in fibrinolysiswhereas 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, inclirhagl03-105).

In a recent study, Bekest al. demonstrated that uP#ediated plasmin generationight
facilitate the early stages of metastasis, specifically during local invasion and intravasation. In
severalin vitro andin vivo studies,Bekerset al utilized highly disseminating variasf the
humanPCa3 cell line, PChi/diss In one of theestudiesthe PChi/diss cells were implanted

into the prosties of NOD/SCID mice. The tumdrearing mice wer subsequently separdte

into two groups The first group was treated with the specific-pRA activation blocking
antibody, mAb112, while the second group did not receive treatm&he result showed that

the treatment significantly inhibited local irsran and tumor distant metastases of the PC
hi/diss cells. Immunostaining showed that tumors from riAB-treated mice appeared
confined, whereas tumors from the untreated mice showed invasive fronts and were detected
both in close association with bloodkssels and intravascularlyy7). Another study by
Madsen et alshows similar results an@lso suggest that uPA plays a key rolehe process

of early stage mastasig106).

In normal tissugsthe PAsystemis howeverstrictly controlled. Both uPA and tPA is tightly
regulated at the level of pgnzyme activation and can be inhibited by either two of the
plasminogen activator inhibitors: PAland PA{2 (107, 108).
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1.6.3. Plasminogen activator nhibitors: PAI -1 and PAI-2

At date, he crystal structures and inhibitory mechanisms of-PAind PAI2 are well
defined. BothPAI-1 and PA2 belong to thdamily of seine protease inhibitors (sergjrand

form stablecomplexes with the catalytic site on ith&arget proteasd?Al-1 exiss as a single
chain glycoprotein whereasPAl-2 exiss in two forms a cytosolic formand a extracellular
glycosylated forn{107, 108).

Both PAF1l and extracellularPAI-2 are effective inhibitorsof both soluble and receptor
bound uPA.The formation of covalent complexes witkctive uPA resuls in a substantial
increaseof serpin stability making it able teeffectively trap uPA in a stable serpiprotease
complex.As illustrated in figure B, the complexs associaté with endocytic receptors of the
low density lipoprotein (LDL) familywhich aresubsequentliynternalizedinto clathrincoated
vesiclesand degraded in lysosom@€99-111).

Despite the shared serpin function of PAand PA12, high tumor levels of PAL promote
tumor progression, whereas high levels of RAbppear to decrease tumor growth and
metastasis. This divergence in function may rblated to the complex array of maler
interactions between PAl anduPA-UPAR and various ECM components andreceptors,

which are not apparent with PR&I(95).

As an exampleuPAR is a receptor with high affinity for the ECM protein vitronectin as well
as the adhesion receptors of the integrin farfiily2-114). On vitronectin matrixes, cells are
attached to the ECM through the binding of uUPAR and integrins to vitronectin. The affinity of
these interactions is supported by binding of uPA to uPAR-IPBihding andnactivation of

uPA cause impaired uPARnd integrin affinity for vitronectin and thereby detachment of
cells that relay on uPAR for adhesion to the ECM. The-uPAR-integrinPAI-1 complexes

are later removed from the surface by L-Bdceptormediated edocytic clearance. However,

the receptors are recycled to the cell surface and can reengage to ECM molecules and then
promote cell attachment to vitronectin. PAls unable to promote binding to vitronectin by
competitive displacement of pengaged intagns form vitronectin. These events illustrate
the cycle of cellular attachment and-altachment whiclare fundamental for efficient cell

migration and stromal invasiq13116).
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The protective effect of PA2 facilitates cell surface inhibition and clearance of uPA, but it
might also counteract PAIl stimulatory actions on tumor invasion and metastasis. High
levels of PAI-2 might preventthe removal of vitrmectinbound PA}1 for uPA bnding and

thereafter decreas&ronectindependent cell migratiof®5).

The presene of the gtosolic form of PAI-2 suggests that the inhibitor might have accessory
functionsin addition to the serpin activity, but these eXacictiors of PAI-2 remainunclear.
However, the observation of na@fycosylated extracellular PA1 might indicde that
cytosolic PA}2 is released during inflammation or other conditions resulting in cell damage.
This release could enhance the local secretion of glycosylated? R\ltissue, thereby

limiting the pericellular and extracellular proteolysis duringueremodeling process@s).
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Recycling of receptors
to the cell surface

Degratation of uPA and
PAI in lysosomes

uPAR scuPA uPA PAI

LRP-1

Figure 1.5: Regulation of uPAUPAR complexesBased on Binderet al. (117). Following uPA inhibition, the
UuPA-UPAR-PAI-1 complex interacts with certain members of the LDL receptor family, in this case the LDL
related protein (LRR)L recepor. This leads to internalization of the complex through formation of clathrin
coated vesicles. Subsequently, uPA and-P Afre degraded in lysosomes while the receptors are recycled to the
cell surfacg109 110). Moreover, studies have demonstrated that the direct interaction eP@RA with LRP

1 receptor can induce the activation of the-3#kt pathwg, subsequently leading to enhanced cell migration
(not shown)118). In addition, the interaction of uRRAI-1 with verylow-density lipoprotein (VLDL) recepto

can increase cell proliferation by stimulating sustained ERK activéationshown)(119). Although uPAPAI-2

is cleared from the cell surface through interastiovith LRR1 and VLDL-receptors, these are of lower affinity

than those of uP#®RAI-1 and arenot able to induce cell migration or proliferati(k?0, 121).
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1.6.4. Plasminogen activatorreceptor. Urokinase receptor, uPAR

The structure ofuPAR consiss of three homologous domains anchored to the cell membrane
through a glycosytphosphatidylinositol (GPI) moiety (igure 1.§. The three domains
designated D1, D2 and DBave an apparent mutual sequence homology and belong to the
Ly-6/uPAR (LU) family of domaing81, 122 123).

P DA
SCuUPA

GPI moiety

Figure 1.6 The structure of uUPAR and the location of the ligandbinding sites of scuPA and SMB region
of vitronectin. Modified from Hu ai et al. (124). D1 (colored red) is the {ierminal domain, D2 (colored blue)
connects D1 to D3, and D3 (colored green) is ther@inal domain that anchors theceptor to the plasma
membrane through the GPI moi€86). The three domains have a typical thfisger fold with three adjacent
| oo ps ipleatet shéets and a smatteminal loop(123-125). The scuPA binding site is localized in the
central cleft of the receptor which is generated by an ioteain assembly of D1, D2 and DB contrastthe
binding sitefor thesomatomedin B (SMB) domain of vitronecisfound at the outer side of the receptarr the
two loops connecting the e n t r a-theetsanuDd asbwell as the linker region connecting D1 an¢LD2
124).

Undernormal plysiological conditionsthe level of uPAR expressiam cell surfacess
relatively low. This has been demonstratetiomeostatic mouse tissues that have been
investigated126). Theexpression is howeveonsistently upegulated during certain tissue

remodeling processes. ishs illustrated during skin wond healing, where uPAR expression
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is selectively induced at the very tip of the leading edge of the kecgtes migrating to
close the wound126). In cancer tissue, MR is frequently ovezxpresse@ndlinked tolocal
invasionand metastasig he actual contribudn of the tumor and stroma compartments to this

expression varies among the different types of cafi@t 128).

According to Usheet al, uPAR is expressed on the surface of macroplikgecells and
neutrophilsin both malighant and benign prostatissue In most of the carcinomas-40%)
the macrophagéke cells werefound in the interstitial tissue e¢en the tumor cell islands
Contrary,in most of benign tissisghey werelocatedin the lumen of the glands afoundin
the interstitial tissue ifewer cases{30 %). This indicategshat macrophages are recruitén
the stroma omalignanttissue(103). Furthermore, Usher et al. found the@AR expression of
malignanttissue appead to be upregulatad response to thpresence of cancer ce(s03).
Previously it has been demonstrated thptegulationof uPAR can beinduced by the
activation ofmonocytes to macphagesandby inflammatoy factors produced by PCa cells
such as tumor necrosis factor (TNFand monocyte chemadtic proteins (MCP}129 130).
The overxpresion of uPARparticipates intumor proteolysis byincreasing the ability of
cancer cells to overcome barriesBMs andECM. Additionally, sgnaling through uPAR in
stromal cells mighalsocontribute to the tumgpromoting functions of the stronfa03).

Other studies have demonstrated that uPAR is predominantly expoestexisurce of the
cancer cells, with little or no expression in the stromal cdl&l, 132). Gavrilov et al
exemplify that there is no expression of uPAR on neither macrophagesentophils,

despite the wellocumented expression in these cell ty@dse).

The uPAR interactome

A relatively large number of potential biologidajands andnteractors 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 tB&M protein vitronectin which is
considered to bthe mainuPAR ligands Ther physical and functionahteraction withuPAR

is well characterized as illustratédin figure 16 (113 114, 134 135).

The binding sitefor scuPA on uPARs localized in the central cleft of the receptaraking
the entire external structure of uPAR free for interactions with other proteinfact, he
somatomedin BSMB) domain of vitonectin binds uPARat the outer side of the receptor
Swudies have foundthat uPAR can accommodate both uPA and the StiBnain
simultaneoushand that uPAR binds more readily to vitronectin when it ishoend to uPA
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(112 123125. The binding of uPA stimulates the receptor to cluster in cholestanadl
sphingolipid enriched domains, referred to agid rafts, in the plasma membrane. This
actionalsoincreases the ability of uPAR to bind vitronedtli35).

In contrastto uPA and vitronectinthe structural basis and bindirgites of the second group
of interactors are lesanderstood. Thisrgup encompasses a long seriépmteins ncluding

a variety d receptor tyrosine kinasesntegrins, G-protein coupled receptors (GPCRS)
EGFRsand receptors ahe LDL family (114, 135140). Throughthese interactionsuPAR
activategintracellular signaling moleculeacluding thetyrosine kinase Src, the serine kinase
Raf, focal adhesion kinase (FAK) ardtracelldar-signalregulated kinase (ERKActivation

of these proteinsubsequentlyesuls in profound changes in cethigration, 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 proteolysidy promoting cell surface activation of plasmineq, generating
plasmin The proteolytic @inction 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, proliferata vivo (72, 73).

Cell migration across the blood barrier and intesues is an esstial process during the
immune response against infections, as welldasng inflammation and metastasis The
process is tightly linked to adhesion and chemotagizd he role of uPAR in these
mechanisms is supported by several studie$4146). Rijneveld et al examined the
migration pattern ofmmune cel in uPAR-deficient (UPAR") and wildtype mice after
inoculation with Streptococcus mreumoniae The results demonstratedhat recruitmentof
neutrophilsinto inflamedtissues is significantly reducedin the absence uPARVhereas the
wild-type mice recovered completely frorthe Streptococcus pneumoniaefection, the
uPAR-deficient miceeventually died from the infection indicating a fundamentalrole of

uPARIn theinflammaory respons¢l44).

The capacity of uPAR to influence cell migration depends on the functional linkage and
physical association with integrir{$36, 140, 146 147). Integrins areJb heterodimeric cell
adhesion receptors that mediate bidirectional interactionsebatwells and the ECM. To
date,18 U- and 8b-subunits have been mapped on the human gernogether forming24
known heterodimers with substantially distinct ligespeificities and affinitieg148).
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The vitronectin receptorUbs integrin is frequently found ceexpressed with uPAR in
aggressive tumors, and studies have demonstrated that-UBARiteractions can plagn
essential role in tumor cethigration andinvasion(149. An initial binding between uPAR

and vitronectirincreases the contact between the cell and ECM, bringing all matrix receptors
present in the plasma membrane in clasgtactwith their extracellular ligandsSpecifically,

U,bs integrincan bind vitronectin and thereafter trigger changes in cell morphology, migration
and signal transductio(L13. The activation of Rac, a small Gase of the Rho family,
stimulates cytoskeleton reorganization and morphological changes at the leading edge of the
cell by activating actin polymeration and membrane protrusidrhe final result is tumor cell
motility and invasion, onto the bound vitrantie (150-152).

In addition tothe U,bs-uPAR interaction uPAR can also interact witbb,, (sb;, Usb; and

U/bs integrins(149). Several studies hawemonstratee physical association between UPA
and the fibronectin receptdisb; integrin. This association increases the activity statesbf
integrin, and consequentlgnhancedibronectin binding. Aguirre Ghisoet al. found that
adhesion to fibronectin resulted in a robust and persistent EfRitaan, which appears to be
required forthe cancercells tosustainproliferationin vivo (figure 17) (153). Interestingly,in

vivo studies have demetrated that blockage of uPAR leads to abatement of WBBAR
dependent signal transductitirereby reducing the ERK pathway activation and resulting in
tumor cell dormancy141, 153157). In its dormant state, the tumor cells are present in a
guiescent mode and are not biologically or clinically apparent. Bathl and metastatic

cancers undergo a period of dormancy before entering a stage of pveggesaith.

The results from the abovementioned studies implicate a fundamentabfrolPAR in

determining whether tumor cells will proliferate or become dorr@htl53).
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Raf

Tumor cell proliferation
ERK ——> Emergance from dormacy
Gene expression

Figure 1.7: uPAR and Usb, integrin signaling pathway. Based on Smith and Paegt al.(158 159). Rapid
growth of metastatic carcinonravivois regulated by high expression of uPAR that, by interacting and
activating(sb, integrins initiates a sigaling cascade that culminateRK actvation. Initially, the uPARUb,
interaction promotes awjohosphorylation of FAK. The tyrosine kinase Src is also activated and can further
phosphorylate and activate EGFR to enhahe&€RK pathway activation. Studies have demonstrated that
activated EK is involved in tumor cell proliferation aneimergence fnm tumordormancy FurthermoreERK
targets the transcription aP AR suggesting a positive feedback loop for uPAR expressimuP AuPAR
bindingis required for uPARJLD; integrin EGRF signalingwhereas ir b; signaling uP Adoes not appeao be
required(113 135 153 156, 160-162).

The role of uPAR in chemotaxis depends on the proteolytic cleavage of the reddyor
cleaved uPARragments provide new functionalities to uPAR, as the conformational changes
facilitate the appearance of previously hidden ligaimdling sites and further broadening the
array of UPAR interactiond.17).
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As illustrated in figure B, the proteolytic cleavageof the linker regionconnecting D1 and
D2-D3, creates a solublB1 fragmentanda celtanchored D2D3 fragment (UPAR3). After
cleavage, the uPAR exposea chemotactic epitope terméite SRSRYsequence. Previous
studies have demonstrated that the SRSRY sequence is associat¢ioe wehbruitment of
cells expressing GPCRs of the formyl peptide receptor (FPR) fébdily 163). Furthermore,

the new uPARsformis unable to bind uPA or vitronectin, making the cleavage a regulatory
mechanism to attenuateetbiological function of uPARL64).

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

with receptors of the FPR family and thereby attracting and regulating cell migiE3@n

SRSRY-92

Figure 1.8: A schematic illustration of uUPAR cleavage Based on Thunoet al. (165. The linker regionis
susceptible to cleavage by differentofeases including uPA, plasmin, MMHR2, tissue kallikrein 4 and
cathepsin GQ166-168). The cleavage creates a soluble D1 fragment and-BPfagment(uPAR.3) anchored
to the cell surface. The uPARexpressethe SRSRYsequenceg(169 170).
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1.6.5. Soluble plasminogen activator receptor: sUPAR

The proteolytic cleavage of the Gibietyleads tahetotal release of uPARom thecell-
surface generating suPARRroteases includinghospholipase Dphospholipase Gathepsin
G and PIPLC are known to be GHpecific, ad a mixture of these appears to be required to

regulate the generation of SUPAR/1).

In addition,full length suPARcan be cleaved in the linker region witlthe receptor. Full

length SUPAR d<res the overall structure as uPAR and can be cleaved in the linker region by
the same proteases as uP@Bure 1.8) One exception ithe uPAcatalyzed cleavage which
appears to bimited to only GP{anchored uPAR172). Thecleavageof the linker region

creates a soluble D1 fragment, and a solubledbB2ragment (SUPARs), as illustrated in

figure 1.10.

suPAR 1

Linker
cleavage

—

SEERY-02

GPI cleavage
suPAR 2-3

Figure 1.9 A schematic illustration of the generation and cleavage of suPABased on Thuncet al (165).
The intact UPAR can be released from the-setface byproteoltic cleavage of the GPI moietyhe linker
region of full length suPAR (suPAR) canalsobe proteolytically cleaved be the same proteases as UPAR,
genaating a soluble D{suPAR) and a soluble DD3 fragment (SUPAR).
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Cleavage of the GPI maty result in a reduced number of uPAR on thesaiface and the

activity of the receptor is impaired. However, the released suPAR may provide new biological
activities and thesuPAR fragmentbhave distinct properties related to their structural
differences(165 173 174).

Function of suPARand suPAR fragments

The full length suPAR, suPAR undergo only a slight conformational changben shed
form the cell surfaceand in vitro studies have demonstrated that suRAR capable of
specifically bindng uPA as well asvitronectin (175179. By competing with celbound
uPAR, suPAR3z may function asa scavenger and inhibit cellssociated plasminogen

activationand cell adhesion to vitronect{h75178).

In anin vivo study of nude mouse models, the effect of recombinant sufPAR ovarian
cancer cells was found to inhibit cell proliferation and redge#-associatedmatix
degradation. As a consequence, duncell growth and metastasis wereduced(175). A
similar study by Piccotell@t al. demonstratedhat the mechanism of @&t of SUPAR:3
appeared to be associateda decreasklevel of ERK and FAK activationn PCacells The

role of suPAR3; as an uPAscavenger prevents binding of ligands to uPAR, thereby
producinga lower level ofERK and FAKactivationin the cells(180). These findingsndicate
that suPAR 3 might have pssible implications of inhibiting canc@romoting actiong165).
Furthemore the study showed that cleavage of sBPBy chymotrypsin reversed these
effects(180).

The linker region ofsuPAR.3 is, similar to the cell anchored receptor, sensitive to proteases.
Cleavage in this region leads to the generation of suBARublished work indicatethat
SUPAR.3 is capable of inducing chemotax{$38 163 166 181). The exposedSRSRY
sequencef sUPAR.3 can chemoattract hematopoietic stem cells and monocytes by activating
the highaffinity FPR and the lovaffinity FPRlike 1 (FPRL1) respectively. Further it can
chemoattracbasophils by activating botRPRL1 and the lovaffinity FPRL2 (138 181).
Activation of FPRs leads to theeterologous desensitizatiof chemokine reeptors, such as
CXCR2, which arestrongly involved in the mobilization of hematopoietic stem c@l&2

183. This means that chemotactically active suRARay act as a classical chemokine being
able to attract and regulate cell migration. Furthermore, a rapid release of,;siii§ARVvitro
activated neutrophils has been identified. The &dtiaédogical function of this is still unclear

but it is hypothesized that the production of suRARN 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 ssequently distributed in blood, urine aodrebrospinal fluidimmune
activation caused by infectious disease, autoimmune disease and a wide variety of solid
tumors results in the cleavage of uPAR from the cell surfdwreby creatingan easily

detectale signal in the form of increased levels of SUPAR in body fl(i86-189).

In PCa, thexact source and biological role of suPAdRot clearly defined. Ibreast cancer,
HolstHansenet al. reported that uPAR wadirectly released byhe cancer cells in a&ell-
dependent manner with a constant and direct correlation between cell number and amount of
UPAR releases. In addition, Heldansenet al. showed thatumor cells in breast cancer
xenograft modelsauld release uPAR into blogénd that the concentration of plasma suPAR

is highly correlated with tumor volun{&@65 190 191).

Shariatet al. propose that high levels of SUPAR are, at least in part, prostatic in origin. This
suggestion is based on thieservation that SUPAR levels tend to decrease after prostatectomy.
Additional to the findings oHolstHansenret al. on breast cancer cellthese results suggest
that direct local production by cancer cells significantly contributes to the increased
circulating levels of SUPAR in patients with PCEQ 191). The increased shedding of uPAR
could be cawd bythe release from the surface of tumor cells and/or stromal cells in the
cancer tissueas a result of increased inttamoral 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. Riiskebal. 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 résaft increased amount of

UPAR being shed from the primary tumor tis¢L@2).

In accordanceo these findings, argwing body of evidence suppdtie theory orsuggests
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 neutrdfBis192).
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1.7. SolubleuPAR levels in bloodreflect underlying pathology

In healthy individualshe median concentration of SUPAR atcording to Stepherst al,

relatively low and has been citead1.2 ng/mL in both serum and plasr(ie86, 193).

The suPAR levels arpresent in various concentrations depending on the activationdevel
the immune system, and several studies have focusétesnPAR levels during iefctious
disease and amorngtensive cardreated patientdn a study byKoch et al, the prognostic
impact of suPARwas demonstrated by measurement of serum suPAR cratc@amin
critically ill patientsat a medical intensive care unita®@ples werebtainedby the time of
admission, prior to intensive care treatment, as well as dumenfirshweek of clinical course.
Compared to healthy volunteers, critical care p&tiesmowed significantly elevated suPAR
levelsin serum In addition,critically ill patients with low suPAR levels upon adsion,day

3 and on dg 7 of the clinical course had a significantly better outcome durirtipe one year
follow up. Based on thesabservationsKoch et al. suggest that suUPAR serum mightbe
utilized asa marker to assess disease sevenitgritically 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 concentr@tibes.
studies havedemonstrated thatuBPAR levels in serum and plasnadso remain constant
through several fezing and thawing cycles amare more stable in room temperature
compared to other marke®95, 196).

Similar to highsensitive Greactive proteinfSCRP), suPAR is believed to be a marker of low
grade inflammationEugeneOlsenet al. have indicated thatlevated suPAR levels in plasma
are associated with the increased risk of tbgreg cancer, cardiovascular disegVD),
diabetesand mortality in the general population. The suPAR levels weesasuredn 2,602
individuals over a 12.5 years perjoahd he presence of anesated baseline suPAR level
wasassociated with an increabrisk of diseasandmortality during the course of the study
These findings indicate thaauPAR might be usedas anearly warning inflammatory
biomarkerthatpotentiallymayimprove the current ability to predict the developnarthese
major disease and alsoto predicing mortality. Further studies ardoweverwarrantedto
confirm whether the associatis between suPAR and diseasare preent in other
populations, as the study by Eugdébisenet al only includedCaucasian participan(&97).

Moreover, enhanced levslof suPAR in blood have been found several pathological

conditions including human immunodeficiency virus (HIV), malaria, activdetculosis,
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sepsis,pneumococcal and stretococcal pneumonia bacteraemMarious forms of solid
tumors such as lurg breast, colorectal, ovarian and prostate cancdrave also shown
elevated levels of sSUPAR. Enhan®dPAR levels in all these conditi® have been found to
be associated withn unfavorable prognos{&86, 193 194 198-209).

1.8. ElevatedsuPAR levelsappears to be associated with aggressive PCa

In PCa, high levels of suUPAR have been found in mogresgive umors Shariatet 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 bonehaatihyindividuals The results showed that the
levels of sUPAR werelevated in patients witPCa compared to healthy individual®

patierts with PCa, levels of sSUPAR wesegnificantly higher in patients with bone metastasis
than patients with lymph node metess, which in turn had higher levels than patients with
nonmetastatic PC191).

Similar findings have been reported by Migadt al Measurements of serusuPAR 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 M@h appeared to be enhanced
compared to those in BPH patients and heafitlividuals(205).

Further Shariatet al. demonstrate that among the patients with clinically localized PCa who
underwent radical prostatectomy, higlpFeoperativdevels of sSUPAR were associated with
patients with features of biologically aggressive PCa compared to patient with features of
nontaggressive progreiss. However, the authors of tilstudy were not able to demonstrate
that the collective amount of sSUPAR was a predictor for biochemical progressiag the
follow-up time, and a possible value of sUPAR as a prognostic marker & ARGt be

evaluated in a larger cohort of patie(i91).

Based on the results frothese two studies, an associatlmiween suPAR levels and PCa
progressiorhas been suggested. Both plasma and serum levels of sSUPAR indicate the degree
of PCaprogression angp a t i raoghassOand measurements of sUPAR mitiarefore

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

Specific immunoassays have been developed to enable quantification of the individual
fragments of suUPAR71, 210). In a clinical studya cohort of men refezd for prostate biopsy

were usedto assess whether measurements of intact and cleaved suPAR might discriminate
patients found with PCa from men with no evidence of malignancy. A signifdifference

in levels of suPAR and suPAR3z was found in men with PCa comparedmen with no
eviderte of cancer. The selective detection of suPAR fragments suggested enhanced
discrimination compared to the PSA test, indicating that measuremene dahdlvidual
SuPAR forms in serum mighmprove he specificity of PCa detection abé complemstary

to PSA for PCa detectiqiil, 211).

To further investigate this, Steubsral. measured several P@ealated biomarkers in serum to
evaluate if a combination of these could improve PCa detection. The results showed a
significant association of PSA, free PSAdasuPAR forms with the presence of PCa on
biopsy. This indicates that free PSA isoforms and different SUPAR forms begused to
improve theselection of patientfor PCa biopsy, theby enhanig the diagnostic accuracy

of early cancer detection whearabined with total PSA and ag212).

Further research of larger cohorts of merh@vever warranted to confirm these results. The
use of combined biomarkersncluding 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

diagnosic accuracy for early PCa etion(55).

1.10. The aim of the thesis

As described irthe preceding chapters, previcstsidiesprovide arguments and findings to
substantiate thaserum levels of SUPAR may be linked to PThe PAsystem has been
reported to participate in the degradation of ECM and BMs during cancer invasion and
metastasisThe levels of suPARire argued taeflect the activity of the PAystem andare

therefore consideret be informative for the identificain and prognostication ¢fCa.

However, previous studies utilizing serum measurements of suPAR for early detection of
PCa,havereportedconflicting resultsMiyake et al. found a statistically significant difference

in the suPAR values between BP&hd PCa patients, with higher levels in those with PCa
(205). In contrastMcCabeet al. measured increased levelssofPAR in both BPH and RC
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patients compared to healthy individuatsit they were not able to establish a statistically
significant relationship between suPAd¥els and the presenceBPH andPCa(211).

With limited literature gring contradictory conclusionssébasis this gesent thesis aim to
quantify the serumconcentration ofsuPAR in BPH and PCa patientaind to determine
whether there is a statistically significant difference between the two griélgvated levels

of suPARIn PCa compared to BPH patients might implicate that quantification of SUPAR in
serum could improve the discrimination of cancer from benign patients, wiitlrn is

important as these dismshave distinct treatemts and medical interventions.
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2. Materials and methods

2.1 Selection of cohort

Blood samplesvere obtained with informed consefgee appendix 7.1ydm 41 patientsat
OrkdalHospital and St. Ola/Hospital betweeBeptembeand December 2012

21 samples wereollectedfrom BPH patients hosmtizedfor surgeryat Orkdal Hospal. The
blood samplesvere obtainedat the same day asurgery, and thenean age of the patients
were 70.8 year§ange 59-82 years)

The remaining 20samples werecollected from PCa patierts with small volume cancey
characterized bya Gleason ®re of 6 (3+3) and a PS® 10 ng/mL Blood samplesvere
obtained during a routine visit to the cancer policlinic at St. ©lwspital and he meanage

of thesepatients wer®3.7 yeargrange: 5775 yeary

All samples were drawn before any prostatic manipulatatientsreceivng treatmentfor
their prostatic disordewereexcluded from the studyA previous fudy demonstratethat the
suPAR concentratiom blood decreasafterradical prostatectomyndicating that removal of
the pretate or part of the prostatemight eliminate the cellsfrom which suPAR originate
(191).

2.2  The material of choice

All sampleswere collected tothe Regional Research Biobank of Central Norwayg an
regidered in their databas@&he ranaining materiahfter completiorof the present thesisill
represent valiable resource for future studiesd br this purpose thbiobankrequested

collection of serum samples

The NordTrgndelag health study (HUNTgsearch biobank store large quantities of serum
samples and additional i nformation about

samples in thd project opens for collaboratiggudieswith HUNT in the future.

Previous studies quantifying sAR concentrationin BPH and PCa patients have not
reported anydisadvantages of the usé serum samples as the material of chdice 205
2117). A quantitative studyf healthy donorslemonstrated that all forms of blood preparations
(serum, citrate plasma, EDFglasma and heparplasma) are suitable faetermination of
SUPAR concentrationd.86).

Based on this informatioiserum was decided to be the material of choice.
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2.3 Blood collectionand preparation

Peripheral venous blood was collected on serum tubes (Va@letti¢h gelard centrifuged
at 2500 gravy (g) in 15 minutes in room temperature. Serum was apportioned into six aliquots
(500¢L each) and immediately stored-80°C.

After blood collection, ach sample was fully anonymized ahe only personal information

obtained was age and gender. Consequently, the possibility to trace the sample back to the
identity of the patient emareg and the scientisis not able to obtain further information

about the sampl e. Further mor e, the particioyrg
surrender of biological material does not apply to anonymized samples as statedibsltihe
Researcli\ct (816).

The BPH samples wemllected angreparedoy the laboratory staffat Orkdal Hospital, and
thereafterthey weresentdirectly to St. Olag Hospital tobe apportioned into aliquotand
stored.Procedures foblood sampling samplepreparationand transportwere distributedo
May-Britt SeetreandEva Gundersen at the laboratosgé€appendix7.2and 74).

The PCa samples wemmllectedat theCancerPolyclinic of St. Olavs HospitalThe samples
werecentrifuged, apportioned into aliquasd stoed at the laboratoryProcedures foblood
sampling wee distributedo the urotherapistnger Stokkarat the polyclinig(seeappendix 73
and 7.4.

2.4  Collection of sampledo the RegionalResearchBiobank of Central Norway

The Regbnal ResearctBiobank ofCentral Norwayis a research facilitwhere collections of
human biological materiamostly from patientsarestored A flexible database store relevant
sample information medical information regarding theatientsfrom whom the samples

originate andnformation obtained from analyzing the samg&k3).

2.4.1. Establishing a new project in the biobank

All serum samplesobtained inthe present thesiwere entered into theidbank as a new
project In general,every research project must have an approval tteerRegional Ethical
Committee (RE¢ before startThe REC evaluatethe ethical valuesoncerning thebjective
and methd of the projectthe consenandconfidentiality,as well as theisk and securityor

the mrticipatingindividuals.
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Approval from REC was obtained in arpvious study organized by thebank where a

reference range for SUPAR in serum and urine was established. The same asosat

in the presenthesiswith some amendmentslated toerd date, number of participants and
changes taohe recruitment procedure. According to the Health Reseactli811), an

approvalfrom RECmust be submittetbramendme nt s t o t he proj ect ds
methalology, durdion or organizatio. The REC hado ethical objections to the change of

the project, allowing the project tmntinue under the new conditiofsee appendix 7.5).

Before the present thesigere granted an account in thellankdatabase system, all users
had tosign a safetyand declaration of confidentiality form, statingriot link samples to the
personal identity of the donor due to private l{seseappendix7.6) . A declaration of
confidentially to Helse MidiNorge iT (HEMIT), the operator of tteatabase systermas

alsoendorsedseeappendix.?).

2.4.2. Registration of samples in the database

The databasef the biobanks constructedo automatically encrypt the personal identification
number by usig a strong encryption algorithm, makirtge samplesard the associated
informationcompletely anonymous to the scientists. The link between the patient identity and
the encrypted number are kept under strict access control, in keyefdasated from the
project datg213).

In the present thesjghe samples were fully anonymizddaectly after blood sampling and no
personal identification number was availaflle. be able to register samples in the database,
dummy numbers were @neratedto replacethe personal identification numbers normally

registered on every donor

Further the database generates a uniquetiieation number for each sample. Thismber
is a combination of the bialmk identification number, a projecumberand a sample
identifier. This unique numbetan be converted to a machine readable barchuke barcode

is printed on a label stickemdattached to theample container.

The following figures (figure 2.1 to 2.5ljustrate the steps when enterirgg sampe to the
database of theiobank.
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Hjelpenummer

20494731380

1

Registrer
Prosjekt:

Registrer i database

Figure 2.1: Generation a dummy number using an Excel scriptThe presenthesisobtainedanonymized
samplesand he ageand gendewasused to generatdummy numbersNote that thdigure is only to illustrate
the pocedureand the generated number wet used in the study
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Provedato: o | (Obligatorisk) Fadselsnummer: 9
Samtykke Infoskriv_blodprevetaking_anconymt 9 (Obligatorisk)
Samtykkedato: (Obligatorisk)

Figure 2.2: Adding a new sample to thedatabaseof the biobank When a new sample is added, the date of
sampling(1) as well athedummy numbel2) is enteredinto thedatdase The consenform and the time of

signature isalso added3).

Praveverdier for Preveenhet 1

Egenskap Verdi
Frovedato_dato o (Obligatorisk)
Alder_heltall 23
Kjienn_flervalg 9 | Mann |T|
Elodfraksjon | Serum L o

Utredning_Endring i prostata_Tekst

Antikoagulant Benign prostata hyperplasi
lkke diggnostisert

Frostatakanser

Yolum (ml)

Lagring @ | Frys -80 El

Figure 2.3 Characteristics of the sampleData concerning sample date (1), age (2), sex (3), blood fraction (4),
diagnosis (b and storage (6)is added to the database. Only men were participating irsttidy and serum
samples were obtainedor the diagnosis, either BPH or P@areselected The samplesverestored in a freezer

at-80°C.
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Plas=ering i boks

Morge
5t Olavs Hospital
b Akutten og Hjerte-lunge-senteret
F  Bewvegelsessenteret

b
Divizjon Psykisk helzevern - bygning 2105

b (Gastrozenteret
F Kyinne-barn-senteret
Laboratoriesenterst
231.04.045
F Fryser
F Fryser 2
Fryser 3
Hylle: 1
* Rack ™
F Rack 02
Rack 03
Boks 01

Boks 02

Figure 2.4 Location of the samples in the biobank. The exact location and positi@i eachsample in the
biobankis registered inhe database.d@nples are placed enboxes in positinsrangingfrom 1-91 (1). The box
is placed inspecificracks angositionedn particular shein the freezes of the fobank(2).
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Beholder for Preveenhet #1

Beholdertype:  Rer =  |Obligatorisk) 0

Inztillinger for strekkode n

Preve-id: |0010002400150012 |

[T

L Skrivut | 00100024000 50012

Figure 2.5 Bar codes isgenerated andattached tothe sample tube.The bar cod@umber is the 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.the identifcation number of theprojectin which the original
specimen was acquirgdnd a sample ehtifier (i.e. a serial number).

Prover
BIEY oo EIER

{1/ I Klasse & Oppbrukt & Donor & Opp & Lokasjon Beholder Prove-ld Prevedato_datc  Alder_heltall Kjenn_flerval

Morge / St. Olavs
Hospital /
Laboratoriesenteret/

e 231.04.045/ Fryser
3/Hylle 1/Rack 02/
Boks 01/

Morge / St. Olavs
Hospital /
Laboratoriesenteret/
50187 Blod false 2 2012.10.08 50187 231.04.045 / Fryser Rar 0010002400001752 = 2012.10.08 56 Mann
3/Hylle 1/Rack 02/
Boks 01/

Morge / St. Olavs
Hospital /
Laboratoriesenteret/
50188 Blod false 3 2012.10.08 50188 231.04.045 / Fryser Rar 0010002400001866 = 2012.10.08 k| Mann
3/Hylle 1/Rack 02/
Boks 01/

Morge / St. Olavs
Hospital /
Laboratoriesenteret/
50189 Blod false 3 2012.10.08 50189 231.04.045 / Fryser Rar 0010002400001980  2012.10.08 k| Mann
3/Hylle 1/Rack 02/
Boks 01/

Morge / St. Olavs
Hospital /
Laboratoriesenteret/
50190 Blod false 3 2012.10.08 50190 23104.045 / Fryser Rar 0010002400002066 ~ 2012.10.08 k| Mann
3/Hylle 1/Rack 02/
Boks 01/

50186 Blod false 2 2012.10.08 Rar 0010002400001638 = 2012.10.08 56 Mann

Figure 2.6: Overview of saved samplesA donor number is generated frahedummynumber
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2.5 Measurement of SUPAR concentration in serum

The IMUBIND® uPAR ELISA Kit (American Diagnosticasee appendix 7)8vas used for
the quantitative determination of SUPAR in serdims ELISA kit was made available for the

project and kernative kits were not elated

ELI SA i s an abbr-lmked imhunesaib efndr affesmzyyomeand t he
asqy is illustrated in figure Z. In the assay, the uPAR standards of 0.00,,002%, 1.5, 2.0

and 3.0 ng/mL and patient samples @l00were addedn duplicatesto the plate of 96
microwells The microwells argrecoated with a solid phase of mouse monoclonal uPAR
antibodies (figure 2.7, step.Whenstandards and samples wa@ded the suPAR antigen

binds the monoclonal uPAR antibodiéisgure 2.7, step 2).

Following overnight incubation, a washing procedure wasrformed to remove unbound
material.Washing buffer (30@L) was added to the microwells by usingnalti canal pipette
(Eppendorf Xplorer plus, range: B200¢L). Subsequentlybiotinyl-labeled secondary anti
human uPAR (10@L) were added to the microwells. These antibodies recognize the bound

suPAR moleculea nd cr eat ec oampfl seaxnod wifcihgur e 2.7, step

o SR
* *

A A

A
X ¥

<>=“‘

1 5. 6
Primary Biotinylated Enzyme
antibody secondary antibody conjugate

Figure 2.7: The principle of IMUBIND ® uPAR ELISA (appendix 7.8).
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Following anew washing stepthe enzyme conjugate (1@QL) was added.The conjugate
consists ofstreptavidin conjugated horseradiglkeroxidase (HRP)During the one hour
incubation streptavidin binds biat of the secondary antibody to compldéie formation of

the antibodyenzyme degction complex (figure 2,%tep 3.

Following anotherwashing stepp e r b o r,a t-etiaBeth@leénzidine (TMB) substrate
(100 ¢L) was added to themicrowells. As depiced in figure 2.8, theeactionbetween the
enzyme and the substrateeatesa blue colored solutiom the microwellgfigure 2.7, step 5).

The more suPAR a sample contains, the more intense is the blue colodesedbps.

After 20 minutesof incubation, the color development wasopped by the addition of
sulphuric acid (HSOy) (50 €L). The color of the solution changsyellow (figure 2.7, step
6). A plate of microwells after addition of;BOy is depicted infigure 2.9.

The absorbance at 450 nm wasasuredising amicrotiter 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 dtmdard0 ng/mL).

The standard curve wasnstructed in a linear systelny plotting the corrected absorbance of
the standard (ordinate,-gxis) against the corresponding suPAR concentration (abscissa, x
axis), and draw the best fitting line. The determinatidnttte SUPAR concentration of the
patient samplew/asperformed by interpolation on the curhe mean suPAR concentration

of the duplicate samples was calculated and used for further analysis.
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Figure 2.8: The 96microwells after TMB substrate is addeThe more suPAR a sample contains, the more
intense is the blue color which develops.

Figure 2.9: The 96microwells after addition of the stop solution,3®,. The blue color development in the
microwells is stoppedand the color changes from blueyiiow.

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