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suPAR: The molecular crystal ball
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Abstract. soluble urokinase Plasminogen Activator Receptor (suPAR) levels reflect inflammation and elevated suPAR levels are

found in several infectious diseases and cancer. suPAR exists in three forms; suPARI−III, suPARII−III and suPARI which show

different properties due to structural differences. Studies suggest that full-length suPAR is a regulator of uPAR/uPA by acting

as uPA-scavenger, whereas the cleaved suPARII−III act as a chemotactic agent promoting the immune response via the SRSRY

sequence in the linker-region. This review focus on the various suPAR fragments and their involvement in inflammation and

pathogenic processes. We focus on the molecular mechanisms of the suPAR fragments and the link to the inflammatory process,

as this could lead to medical applications in infectious and pathological conditions.

Abbreviations

uPA: urokinase plasminogen activator

uPAR uPA receptor

suPAR: soluble uPAR

GPI: glycosyl-phosphatidylinositol

7TM: seven-trans-membrane

PI-PLD: GPI-specific phospholipase-D type

enzyme

PI-PLC: phosphatidylinositol-specific

phospholipase-C

SAPS II: simplified acute physiology score II

SOFA: sequential organ failure assessment

SDS-page: sodium dodecyl sulfate polyacryl-

amide gel electrophoresis

PTX: pertussis toxin

HAART: highly active anti-retroviral therapy

MMPs: metalloproteinases

SIRS: systemic inflammatory response syn-

drome

PNH: paroxysmal nocturnal hemoglobin-

uria

ROC: receiver operating characteristic

MMP-12: human macrophage elastase

PMA: phorbol 12-myristate 13-acetate

TB: tuberculosis
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FPRL1: FPR-like receptor 1

ATF: amino-terminal fragment of the uPA

molecule.

1. Introduction

suPAR (NCBI Accession no. AAK31795) is the sol-

uble form of the urokinase-type plasminogen activator

receptor (uPAR) which is a glycosyl-phosphatidylinos-

itol (GPI)-linked membrane protein. uPAR consists of

three domains and is present on various immunolog-

ically active cells including monocytes, activated T-

lymphocytes and macrophages but also on endothelial

cells, keratinocytes, fibroblasts, smooth muscle cells,

megakaryocytes and certain tumor cells [22,27,30,33].

Soluble uPAR (suPAR) originates from cleavage and

release of the membrane-bound uPAR, and is present in

plasma, urine, blood, serum and cerebrospinal fluid [23,

39,93,100,113] in various concentrations depending on

the “activation” level of the immune system. Increased

activation of the immune system leads to increased

serum suPAR levels, which has been documented in

several pathological conditions, including paroxysmal

nocturnal hemoglobinuria, human immuno-deficiency

virus type 1 (HIV-1)-infection,malaria, pneumococcal-

and streptococcus pneumonia bacteraemia, sepsis, bac-

terial and viral CNS infection, active tuberculosis (TB)

and also in various forms of solid tumors, e.g. non-
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small cell lung cancer, breast-, colorectal-, prostate-

and ovarian cancer [28,46,59,65,68,84,89,92,95,100,

101,111,113]. Furthermore, high blood concentrations

of suPAR independently predict high mortality in both

patients and healthy individuals [28]. The direct bio-

chemical and molecular background for these observa-

tions is still not clear, and it will be important to un-

derstand the molecular mechanisms and the link to the

inflammatory process, as this could lead to important

medical applications in infectious and inflammatory

diseases.

This review aims to explore the potential of suPAR

as a general marker of disease progression, prognosis

and mortality by providing an understanding of the bio-

chemical background and molecular mechanism of su-

PAR’s action in inflammation and infection. We sum-

marize findings from a multitude of studies including

the discovery of suPAR, its increase in various disease

states and the prognostic implications, as well as the

link to the inflammatory reaction. As cleavage of this

receptor is believed to be a key event in the accumu-

lation of different fragments, the crystal structure and

natural cleavage sites in the protein are reviewed, and

form the basis for a discussion about the biochemi-

cal significance of the different suPAR-variants. Dur-

ing the last decade, vitronectin and its involvement in

cell adhesion and signaling has been given ample at-

tention and we will thus discuss the suggested interac-

tion between suPAR and vitronectin and the potential

biomechanistic consequences.

1.1. The discovery of suPAR

The biological function of suPAR has been inten-

sively studied since 1991 where Ploug et al., found that

soluble uPAR obtained from phorbol 12-myristate 13-

acetate (PMA)-stimulated U937 cells expressed high

affinity towards uPA. By treating U937 cells with bacte-

rial phosphatidylinositol-specific phospholipase-C (PI-

PLC) the diacylglycerol portion of the GPI-anchor was

removed resulting in a soluble, hydrophilic form of

uPAR. Furthermore, a natural release of the receptor

into the serum-free medium was also found, although

the molecular basis underlying this observation could

not be explained. The calculated mass of the soluble

protein was 60kDa, which correlates with the calculat-

ed mass for the highly glycosylated, membrane-bound

uPAR [62,73].

Later that year, a part of the same group published

data obtained using a mutant soluble uPAR expressed in

mouse LB6 cells, on the mechanism of uPA in physio-

logical and pathological invasive processes [56]. These
experiments were carried with the therapeutical aim of
blocking or decreasing cancer cell invasion. A solu-
ble form of uPAR was constructed through removal of
the hydrophobic carboxyl terminus that constitutes the
membrane-anchoringcapacity in order to interfere with
the binding of uPA to the cellular receptor by compet-
itive inhibition of uPAR. Masucci et al., demonstrated
that the soluble receptor retained its ability to specifi-
cally bind uPA in vitro and they suggested this to act
as a uPA-scavenger with possible implications of in-
hibiting cancer-promoting actions i.e. proteolysis, cell
migration and proliferation [56].

The constructed soluble uPAR was intended as a tool
to further investigate the mechanisms of the uPA/uPAR
system in uPA-dependent proteolysis, plasminogen ac-
tivating pathway and cancer, but in 1992 Ploug and co-
workers focused their work instead on the natural shed-
ding and release of uPAR. Peripheral blood leukocytes
from patients affected by the hematologic stem-cell dis-
order, paroxysmal nocturnal hemoglobinuria (PNH),
are characterized by lack of uPAR on differentiated
cells surface, which was found not to be due to a simi-
lar reduction in the level of specific mRNA. This made
Ploug et al., further investigate the presence of uPAR
in both cells and conditioned medium. By analyzing
blood samples from patients affected by PNH they dis-
covered a soluble,hydrophilic uPAR but found no shed-
ding of the receptor under normal conditions [74]. They
suggested that uPAR is shed from the membrane and
that the soluble form retains its ligand-binding capabil-
ity, thus confirming earlier results [56,73,74]. Rønne et

al., was the first group to discover the soluble receptor
in plasma from healthy individuals and suggested that
the soluble uPAR found in this plasma reflects the over-
all level of activity of the uPAR-mediated cell surface
proteolysis [84]. Extensive research has shown that the
receptor found in plasma and serum can exist in various
cleaved forms, which will be discussed in detail be-
low. Wahlberg et al., was the first group to demonstrate
the existence of cleaved suPAR in cystic fluids. This
cleaved receptor constitutes only two domains and will
be referred to as suPARII−III [103].

These early studies have led to continuing investiga-
tions of the biochemical mechanisms of both the mem-
brane oriented uPA/uPAR system as well as the soluble
forms of the receptor. Conclusions from these studies
have a high degree of variability and suggest suPAR to
exert a variety of functions and to be involved in numer-
ous physiological pathways, including the plasminogen
activating pathway, inflammation, modulation of cell
adhesion, migration and proliferation [28,46,65,72,89,
111,113].



M. Thunø et al. / suPAR: The molecular crystal ball 159

Fig. 1. Schematic representation of membrane-bound and soluble urokinase receptor. The GPI-anchor links uPAR to the cell membrane making
it available for uPA binding (A). When the receptor is cleaved between the GPI-anchor and DIII, it becomes soluble (B). suPAR is a stable protein
that can be measured in various body fluids. uPA: urokinase-type plasminogen activator, uPAR: uPA receptor, suPAR: soluble uPAR.

1.2. Localization

suPAR is the soluble form of the urokinase-type plas-

minogen activator receptor (uPAR) which is a GPI-

linked membrane protein (Fig. 1.A). The GPI-anchor

is composed of a lipid moiety linked to the protein

through a phosphodiester bond and a carbohydrate

moiety [73]. As illustrated in Fig. 1.B, suPAR is re-

leased from the cell membrane by cleavage between

this membrane-anchoring GPI-molecule and the at-

tached domain (DIII). In its membrane-bound form

it is present in various immunologically active cells

including monocytes, activated T-lymphocytes and

macrophages, but also endothelial cells, keratinocytes,

fibroblasts, smooth muscle cells, megakaryocytes and

certain tumor cells [22,27,30,33]. In its soluble form it

is found in various body fluids, including plasma, urine

and cerebrospinal fluid. Sidenius et al., document-

ed the existence of full-length suPAR in serum from

healthy individuals confirming earlier results but in ad-

dition to the full-length suPAR the group also identified

two cleaved soluble forms (suPARII−III and suPARI)
in urine [90].

In healthy individuals, suPAR levels are quite stable

in both blood and urine and suPAR levels in urine, ad-

justed according to urine creatinine, correlates positive-

ly and strongly with plasma suPAR-levels in healthy

individuals, patients suffering from malignant cancers,

and HIV-infected patients on stable highly active anti-

retroviral therapy (HAART) [3,60,93]. Circadian su-

PAR plasma-concentrations (measured 24 hr, 20 min-

intervals) appear to be stable [3]. suPAR concentra-

tions show a significant positive correlation with age [3]

and a gender-specific variation where slightly higher

concentrations are present in serum from females com-

pared to males [100].

1.3. Genetic origin and primary structure

The gene for uPAR (PLAUR; HGNC accession num-

ber: 9053) maps to chromosome 19q13.2 and consists

of 7 exons and 6 introns [12,16,105]. In vitro studies

have situated the transcription start site 52 bp upstream

to the translation start site (ATG), which is illustrated

on Fig. 2.

The promoter activity is primarily restricted to a frag-

ment located −401 bp to +46 bp, with the basal pro-

moter activity restricted to a fragment located−141 bp

to +47 bp relative to the transcription start site [20,98].

The promoter contains a number of regulatory sites in-

cluding AP1, AP2, SP1, NFkB and PEA3 sites [1,20,

37,50,98,106].

The gene is translated into a 313-amino acid single

polypeptide sequence containing three repeats; D I, DII

and DIII (residues 1–92, 93–191, and 192–282, respec-

tively) characterized by a unique pattern of cysteine

residues (see Fig. 3) [82]. The presence of the three

repeats in uPAR suggests that the receptor arose as a

result of internal triplication of an ancestral domain [8].

In the alignment of cDNA sequences of the three

domains, DI appears to be more distantly related to

DII and DIII. Sequences of DII and DIII show 22%

identity; all the 10 cysteines of the second repeat align

with the 10 cysteines of the third repeat. DI shows 16%
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Fig. 2. The uPAR promoter. The promoter from −644 bp to +160 relative to the transcription start site with known regulatory sites and the two
identified transitions [85].

Fig. 3. Internal amino acid sequence repeats of uPAR. Cysteine residues are underlined. uPAR 1: DI, uPAR 2: DII, uPAR 3: DIII, co: consensus
sequence for the three repeats of uPAR. Anchor denotes the attachment sites for GPI-anchor. Arrow denotes the start of a chemotactic epitope in
the linker region. Sequence obtained from [8,82].

and 12% identity with the DIIand DIII, respectively [8].

As will be discussed below, DI is not only distinct from

DII and DIII on the primary structure level, but also

in its tertiary structure as a mature protein-fragment

(suPARI) where it shows distinct binding properties of

ligands compared to DII and DIII.

1.4. Crystal structure of suPAR

During posttranslational modification, approximate-

ly 30 residues are removed [73] and a GPI-anchor is

added to the C-terminal at Gly283 (see Fig. 3), which

is cleaved off in the soluble form of the receptor. The

amino acid sequence for human uPAR/suPAR contains

five N-linked glycosylation sites affecting the molecu-

lar mass of these proteins. Several differently glycosy-

lated variants have been reported among different cell

types [7,62]. In sodium dodecyl sulfate polyacrylamide

gel electrophoresis (SDS-page), suPAR is identified as

a smear with an apparent molecular mass of 55–60 kDa,

but after deglycosylation the apparent molecular mass

is 35 kDa, which is much lower than most cellular

receptors [7,52,62,112].

suPAR consists of three homologues domains (DI,

DII, and DIII) with a secondary structure of 17 anti

parallel β-strands with three short α-helices as illus-

trated in Fig. 4. The crystal structure of suPAR in com-

plex with the uPA amino-terminal fragment (ATF) re-

veals that each of the three domains adopts a typical

three-finger fold with three adjacent loops and a small

C-terminal loop [39].

The DI domain is composed of six β-strands, which

includes the highly conserved β5-strand critical in D I-

DII association [52]. DII forms a β-sheet with six β-

strands and a short α-helix while DIII contains only

five β-strands and two α-helices. The β11 and β12 of

the DII domain form a large interface with DIII and are

thus essential in DII-DIII association. Three hydrogen

bonds are formed between the DIII and the DI domains.

The structures involved in the interface are the loop (res

226–237) and the α3 helix of D III and the loop (residue

47 to 53) of the DI domain. Furthermore, the linker

region connecting DI and DII−III is protease sensitive

and thus an important sequence in suPAR’s molecular

regulation.

1.5. Conformational change and protein dynamics

The domains of suPAR are assembled in a right-

handed orientation generating a concave shaped recep-
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Fig. 4. The structure of human suPAR in complex with ATF illustrated as a ribbon diagram. The suPAR domains are assembled in a right-handed
orientation and are colored orange (DI ), magenta (DII ) and green (DIII ). DI is illustrated with residues 1–80 and contains six β-strands. The β5
strand in DI is highly conserved and is central in association between DI and DII. Residues involved in DI-DII interaction are shown as sticks
in Fig. 4.B. The DII domain is illustrated with residues 93–191 arranged into six β-strands and a short α-helix, and DIII consists of residues
192–277 containing five β-strands and two α-helices. From [39]. Reprinted with permission from AAAS.

tor with a space between DI and DIII. This topology
creates a central cone-shaped cavity with a wide open-
ing surrounded by the tips of eight of the nine loops. By
superimposing the structure of DII−III domains with
suPAR in complex with a small peptidyl inhibitor, Huai
et al., found that the DI domain showed a rotation of
20.5◦, while the DII−III domains remained in the same
orientation suggesting high flexibility of suPAR inter-
domain organization [39,112]. It has been shown that
suPAR and uPAR have slightly different conformations
and that this might affect the cleavage of the linker re-
gion [2,43,76]. This difference is caused by the GPI-
anchor attached to DIII of uPAR and removal of the
GPI-anchor has been reported to alter the conformation
of the protein [43]. The conformational change does

not occur within the three domains but rather in the link-

er region connecting the DI with DII−III. Monoclon-

al antibodies raised against human and murine suPAR

and uPAR, with epitopes located within the domains,

all detect suPAR and uPAR with similar efficiency [51,

71,83]. However, an antibody raised to a peptide com-

prising residues 84–94, which constitutes a part of the

linker-region, recognizes uPAR but not suPAR [43].

Thus, the general accessibility of this region is altered

in suPAR compared to uPAR. Both receptor-forms have

complex oligomeriztion patterns dependent on ligand

binding, location of the membrane-bound uPAR on the

cell-surface, and other receptor binding molecules like

vitronectin, as further discussed below.
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Fig. 5. Schematic illustration of the uPAR linker region and the cleavage sites. The sequence between DI and DII−III is illustrated showing
the cleavage sites for chymotrypsin, metalloproteinases (MMPs), elastase, cathepsin G, plasmin and uPA. Grey residues illustrate a chemotactic
epitope (see also Fig. 3) [3,6,40,41]. Figure created based on [29].

1.6. Cleavage and regulation

Cleavage of full-length uPAR/suPAR is well doc-

umented in the literature and various fragments have
been used extensively in functional studies of the re-

ceptor. Regulation of uPAR/suPAR and downstream
signaling events on the other hand still remain fairly

elusive. Past studies reveal unconnected clues rather
than a comprehensive picture. Whereas uPAR expres-

sion is highly regulated at the transcriptional level by
cytokines and hormones, cellular uPAR protein levels

do not strictly correlate with mRNA levels, suggest-
ing posttranscriptional and posttranslational regulation

of the receptor mRNA or receptor protein, respective-
ly [17,19,53,63,87,110].

Wilhelm et al., documented a positive correlation

between GPI-specific phospholipase-D (GPI-PLD) and
release of uPAR in ovarian cancer cells. To determine

whether suPAR was derived from the cell surface pool
of uPAR, or if it represented a secretory receptor iso-

form, Wilhelm et al., measured the effect of brefeldin
A on uPAR-release. Brefeldin A inhibits protein se-

cretion by preventing vesicle transport between the en-
doplasmatic reticulum and the Golgi [44]. uPAR re-

lease from ovarian cancer cells was not reduced in the
presence of brefeldin A, whereas release of the secre-

tory protein TGF-β, was almost completely inhibited.
This indicates that suPAR is derived from the cell sur-

face and that Golgi-mediated secretion of an alterna-
tively spliced receptor isoform is not responsible for

the observed uPAR release. The group concluded that
the majority of suPAR is thus generated by GPI-anchor

cleavage catalyzed by GPI-PLD in their experiments.

Other proteases, including cathepsin G and PI-PLC, are
known to also cleave the GPI-anchor and thus suPAR

generated by GPI-anchor cleavage is not only regulated
by one kind of proteases but more likely by a mixture
of various proteases.

Cleavage of uPAR does not only occur at the GPI-
anchor portion of the protein, but also within the actual
receptor. The linker region connecting D I and DII−III

can be cleaved by several different proteases including
the uPAR ligand (uPA), plasmin,chymotrypsin, various
metalloproteinases (MMPs) and elastases [3,18,29,41].

These studies are based on uPAR, but as suPAR shares
the same overall structure these proteases are likely to
cleave suPAR as well. An exception of this hypothe-

sis is uPA-catalyzed cleavage which is limited to only
membrane-bound uPAR, and is therefore not able to
cleave soluble uPAR at physiological conditions [43].

The uPAR cleavage sites are illustrated in Fig. 5.
Several other proteases are known to cleave uP-

AR in vitro but whether these are able to cleave un-

der physiological conditions in vivo is uncertain [76].
uPA is one of the most recognized proteases in cleav-
ing membrane-bound uPAR at Arg83 as illustrated in

Fig. 5 [41,43]. The fast uPA-catalyzed cleavage of uP-
AR at the cell surface requires receptor binding of uPA
through its growth factor domain which concentrates

the enzyme to clusters of uPAR [41]. Cleavage of uPAR
in cultured MDA-MB-231 cells and Lewis lung carci-
noma cells was found to be inhibited by anti-catalytic

antibodies to either human or murine uPA, respective-
ly, indicating that it is catalyzed by either uPA or plas-
min generated by uPA. The amount of uPAR II−III may

therefore be directly related to the activity of the uPA
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Table 1
uPAR- and suPAR forms generated by cleavage in the linker region. The structural features of uPAR
and suPAR are summarized and the localization and molecular mass measured for the different forms are
provided for both glycosylated and non-glycosylated fragments (shown in parentheses)

system and it is possible that the level of uPARII−III

in cancer tissue may prove to be a stronger prognos-
tic parameter than the levels of either full-length uP-
AR or uPA [97]. Furthermore, uPA, once bound to
uPAR, catalyzes the conversion of plasminogen into
plasmin, the latter participating in turn to the activa-
tion of various matrix metalloproteinases (MMPs) [6].
One of these MMPs can be human macrophage elas-
tase (MMP-12). It has been demonstrated that MMP-12
and other MMPs directly and efficiently cleave uPAR
at the Thr86 located in the linker region [3]. Using an
antibody raised against the human uPAR linker region,
Andolfo et al., showed that this region of uPAR, which
contains a specific chemotactic epitope, is exposed up-
on MMP cleavage [3]. MMP-12 is part of a group of
elastases which generally is associated with leukocytes
and is defined as enzymes that have the capacity to de-
grade insoluble elastin into soluble peptides [67]. Al-
so cathepsin G and elastase cleave uPAR within the
linker-region, while in addition cathepsin G, which has
a chymotrypsin-like catalytic activity, is highly efficient
in cleaving the C terminus of DIII [6,67].

The various uPAR- and suPAR forms generated by
cleavage of the GPI-anchor and/or the linker region are
summarized and illustrated in Table 1.

2. uPAR/uPA and suPAR in cell migration and

adhesion

Cell migration across the blood barrier and into tis-

sues is an essential component in inflammation, im-

mune response against infection, cancer invasiveness

and tissue remodeling following injury. The migration

process is tightly linked to adhesion and chemotaxis,

as chemoattractant receptors direct oriented migratory

signals and adhesion receptors modulate interactions

of migrating cells with the adjacent cells and tissue.

The uPAR/uPA system is directly involved in these

mechanisms [10,21], which has been proven by the

observation of profound impairment of inflammatory

cell recruitment in uPA–/– mice. These mice succumb

to infection by Cryptococcus neoformans due to defi-

cient T lymphocyte and monocyte–macrophage recruit-

ment [35]. Gene knockout mice lacking uPAR have

shown reduced pulmonary neutrophil recruitment and

increased mortality to infection with S. pneumoniae

compared to wild-type mice [81]. May et al., demon-

strated by studies in uPAR knockout mice, that adher-

ence and migration of monocytes involves a functional

interaction between uPAR and integrins [57]. In non-
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migrating cells, uPAR is distributed on the cell surface

at focal contacts [27] but uPAR is able to move on the

cell surface [61] and will localize into aggregates on

the leading edge of migrating cells [27,34,61,94] and is

believed to regulate the activation state of integrins [47]

by altering their adhesive properties as well as signaling

capacity, which is supported by studies documenting

uPAR-dependent changes in integrin-mediated adhe-

sion to fibrinogen, collagen and vitronectin [108,109].

These findings suggest a role for uPAR in cell adhesion,

migration and intercellular signaling. However, su-

PAR is believed to have inhibiting properties on uPAR-

dependent adhesion, as it is soluble and therefore not

able to direct integrin and vitronectin molecules to the

focal contacts [31,60].

Because of vitronectins implication in cell adhesion

and cell morphology and the direct parallel between

the extent of uPA binding to uPAR and increase in

vitronectin binding [104], elucidation of the biologi-

cal mechanism lying behind these observations could

be valuable for further insights into tumor cell metas-

tasis, ovulation, cell migration and tissue remodeling.

Vitronectin is an extracellular plasma protein found in

blood vessel walls, in the stroma of lymphatic tissue,

lymph nodes and loose connective tissue of many or-

gans [79] and has been implicated in several physio-

logical and pathological processes including rheuma-

toid arthritis and angiogenesis and is found to be in-

creased in arthrosclerosis and in several tumors [25,

32]. Waltz and Chapman, 1994 was the first to show

that soluble (urea-purified) vitronectin is implicated

in the uPA-dependent adhesion of cytokine-stimulated

myeloid cells, and in a later study they provided evi-

dence that uPAR is also a high-affinity receptor for the

matrix-like form of vitronectin which can be regulated

by concurrent uPA receptor binding [104,107].

uPAR is found in lipid rafts and, interestingly, the

resulting suPARII−III is found to be associated with

the rafts even after cleavage. As the cleavage of the

receptor is accelerated in these lipid rafts, it is hypoth-

esized that this could result in rapid generation of a

high local concentration of suPARII−III. The cleavage

is furthermore found to regulate the dimerization [18].

Lately, studies have primarily focused on the oligomer-

ization of membrane-bound uPAR [13,18] and recent

findings have demonstrated that the biological activity

of uPARI−III in cell adhesion and migration requires

a direct interaction between uPAR and vitronectin [14,

26,38,54,55,104,107] and that vitronectin preferential-

ly interacts with dimerized uPAR [18].

3. suPAR, suPAR fragments and their functions

3.1. suPARI−III: Trash or treasure?

Full-length suPAR (suPARI−III) consists of all three

domains (DI, DII, and DIII) of uPAR but lacks the GPI-

anchor. At first glance, it could be considered as “trash”

shed from the cell surface,but as the receptor undergoes

only a slight conformational change when shed through

GPI-anchor cleavage, it could still represent a function-

al receptor. The presence of the uPA-binding D I do-

main of uPAR [8] suggests that suPARI−III should be

able to compete with uPARI−III for uPA. It has indeed

been demonstrated that the soluble receptor retains its

ability to specifically bind uPA [56]. The linker region

connecting DI with DII−IIIcontains a uPA-cleavage site

(see Fig. 5), but Høyer-Hansen et al., demonstrated that

the soluble form, in contrast to the membrane-bound

form, was not cleaved by uPA. This finding confirms

the hypothesis that suPARI−III can act as uPA scav-

enger and that it might therefore have possible impli-

cations of inhibiting cancer-promoting actions i.e. the

proteolysis involved in cancer cell metastasis.

Høyer-Hansen et al., demonstrated that DI is re-

quired for efficient binding of vitronectin [40,42]. The

functional epitope on uPAR responsible for its inter-

action with vitronectin was identified by Gårdsvoll &

Ploug, by using a comprehensive alanine-scanning li-

brary of purified single-site uPAR mutants. The five

residues identified as “hot spots” for vitronectin bind-

ing forms an epitope consisting of two loops con-

necting the central four stranded beta-sheet in uP-

AR DI (Trp32, Arg58, and Ile63) as well as a re-

gion of the flexible linker-region connecting uPAR

DI and DII (Arg91 and Tyr92) [36]. As suPAR I−III

is a full-length receptor with all domains intact it

should also be able to bind vitronectin; Sidenius et

al., have indeed demonstrated that suPAR binds vit-

ronectin and furthermore, that this binding is depen-

dent on uPA concentration [91]. The group suggested

that the oligomeric uPA:suPAR complex identified by

chromatography was a heterotrimeric complex com-

posed of one ligand (uPA) molecule and two receptor

(suPAR) molecules. This was based on the observation

that suPAR:suPAR co-immunoprecipitated, but also on

the fact that vitronectin-binding was found to occur

most efficiently when a 1:2 molar ratio between con-

centrations of pro-uPA and suPAR was present. When

uPA was in excess, it caused suPAR:suPAR to co-

precipitate and it was furthermore demonstrated that

high uPA concentration results in a strong and consis-
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tent inhibitory effect on vitronectin-binding to suPAR.

The most likely mechanism for this was proposed to

be a very rapid saturation of suPAR by excess uPA,

thus preventing the subsequent association between

heterodimeric pro-uPA:suPAR complexes and unoccu-

pied suPAR [91]. These observations reveal a com-

plicated picture of full-length suPAR’s involvement in

regulation of uPA/uPAR-actions: suPAR seems to be

able to bind both uPA and vitronectin and hence affect

the processes catalyzed by those molecules and their

interaction with membrane-bound uPAR.

3.2. suPARII−III – a cleaved receptor with an after

life

suPAR is an interesting receptor in the way that it

keeps a molecular relevance even after being shed from

the membrane where it is found to be involved in var-

ious cellular processes. It is even more intriguing how

this receptor “survives” a further degradation in the

linker region and stays intact as a two-domain protein

circulating in the blood. As this cleaved and soluble

receptor is not further degraded and hence is stable

enough to be measured in various body fluids, it is

tempting to conclude that this cleaved receptor does

indeed exert an important function, although the exact

molecular mechanisms are still not fully described. The

structural difference between suPARII−III compared to

suPARI−III is a loss of the uPA-binding domain DI by

linker region cleavage. The loss of DI domain indi-

cates that suPARII−III is not acting as uPA-scavenger.

Høyer-Hansen et al., demonstrated that DI is required,

but not sufficient for efficient binding of vitronectin to

uPARII−III [42] which indicates that suPARII−III is

unable to bind vitronectin as well. Thus suPARII−III

cannot compete with uPARI−III for vitronectin nor uPA

and its involvement in regulation of such interactions

thus seems limited.

However, the function of this cleaved receptor has

been studied further and it has now been well docu-

mented that suPARII−III is a chemotactic agent [29,77,

78,86] that has been identified in blood from prostate

cancer patients [70], ovarian cystic fluids [103], ovarian

cancer cells [110] and in urine from patients suffering

from cancer [60,93].

Chemotaxis is defined as movement of cells accord-

ing to a chemotactic gradient. The chemotactic gra-

dient can be sensed by the cells through the use of 7-

trans-membrane (7TM) receptors, which translate the

extracellular signal into activation of an intracellular

signaling pathway [4,11]. The chemotatic properties

of suPAR were first discovered through its ability to

stimulate LB6 cell migration. A chymotrypsin-cleaved

purified mutant of suPAR (suPARII−III) was tested on

untransfected parental murine LB6 cells and it was

found to behave as a potent chemoattractant in a dose

dependent manner [77]. The ability of suPAR II−III

to stimulate chemotaxis was later confirmed in several

other cells including LB6–19 [77], THP-1 [29,77], hu-

man monocytes [78] and CD34+ hematopoietic stem

cells [86].

To further investigate the chemotactic properties

of suPAR, Fazioli et al., have constructed truncat-

ed suPARII−III mutants by cleavage of recombinant

suPAR with chymotrypsin to identify the chemotac-

tically active region. Only fragments containing the

SRSRY sequence (residues 88–92) showed a chemo-

tactic effect and this sequence promoted chemotactic

properties both when present on the C-terminus, as in

suPARI, and when present in the N-terminus, as in

suPARII−III. Synthetic peptides containing only the

SRSRY-sequence were shown to exert the chemotactic

property on several cell lines, which supports the con-

clusion that the SRSRY-sequence is essential and suffi-

cient for chemotaxis [29,78,31]. A rapid release of the

chemotactically active suPARII−III from activated hu-

man neutrophils has been demonstrated recently [72].

The actual biological function of the molecule is still

not clear but it is hypothesized that the production of

this active form of suPAR by activated neutrophils in

sites of acute inflammation contributes to the recruit-

ment of monocytes to these sites during an inflamma-

tory response [72].

suPARII−III is so far believed to be generated by

two routes: The first is through cleavage of the GPI-

anchor of membrane-bound uPAR I−III, and subsequent

cleavage of the soluble suPARI−III in the linker re-

gion (as illustrated in Fig. 6, reaction pathway 2). As

discussed above, many proteases are known to cleave

the linker-region connecting DI and DII−III,thus re-

sulting in suPARII−III. However, suPARI−III is lack-

ing the GPI-anchor and can therefore not be cleaved

by physiological relevant concentrations of uPA, due

to conformational changes induced by cleavage of the

GPI-anchor [43]. It can be hypothesized that gener-

ation of suPARII−III is less likely to occor via this

pathway, as the conformational change following GPI-

anchor cleavage may also affect other proteases known

to cleave the linker region.

The second, and more likely, route by which cells

can generate suPARII−III in vivo is by cleavage of the

linker region of the membrane-bound uPAR I−III prior
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Fig. 6. Schematic representation of suPAR release and cleavage. The reaction pathways leading to generation of various uPAR- and suPAR-forms
are illustrated. The top-horizontal line of molecules represents the three variants of suPAR that are soluble, while the bottom-horizontal line of
receptors is the membrane-bound uPAR-variants. Only the cleaved uPAR/suPAR illustrated with intact SRSRY-sequence are believed to have
chemotactic properties [29,40,41,72].

to GPI-anchor cleavage. Cleavage of the linker region

in uPARI−III will not release the cleaved uPARII−III

from the membrane as the GPI-anchor is intact, but

will only liberate the DI of the receptor (as illustrated

in Fig. 6, reaction pathways 1 and 4). Reaction path-

way 1 symbolizes a cleavage inside the linker region,

but outside the SRSRY-sequence, and therefore results

in a chemotactic, membrane-bound uPAR-molecule,

whereas reaction pathway 4 symbolizes cleavage with-

in the SRSRY-sequence in the linker region and results

in a non-chemotactic uPAR-molecule as illustrated in

the figure [72]. Cleavage of suPARI−III at Tyr87 re-

sults in the active chemotactic suPARII−III molecule,

while cleavage at a second site, Arg89, will destroy the

chemotactic activity, as it would cleave within the con-

served region. This second site is one of two natural

cleavage sites for uPA, as incubation with uPA results

in a mixture of molecules with N-terminal amino acids

Ala84 or Ser90 [41]. However, as suPAR is not suscep-

tible to uPA cleavage, plasmin may be the primary pro-

tease regulating cleavage in the chemotactic SRSRY-

sequence of suPARI−III. Following cleavage of the

linker-region, uPARII−III can be released by GPI-

anchor cleavage and hence become suPAR II−III [6,29,

78]. Again, this can result in a chemotactic suPARII−III

with intact SRSRY-sequence or it can result in a non-

chemotactic suPARII−III as illustrated in Fig. 6 [29].

For both uPARII−III and suPARII−III, liberation of

the DI-domain prevents uPA binding and thereby plas-

minogen activation, as DI is required for uPA to bind
to its receptor. Furthermore, cleavage in the linker
region also abolishes uPAR-dependent cell adhesion,
since vitronectin does not bind uPARII−III [41,88].
As suPARII−III in general shares the same structural
features as uPARII−III; i.e. lacks the DI-domain, vit-
ronectin most likely does not bind to suPARII−III. Thus
suPARII−III may, as uPARII−III, be a negative regula-
tor of the uPAR-dependent cell adhesion.

Pliyev demonstrated that neutrophil-derived suPAR
was shown to increase rapidly during neutrophil-
activation and that the suPAR found, was primarily
the cleaved suPARII−III [72]. It can be hypothesized
that the majority of this suPARII−III pool is direct-
ly shed from neutrophil cell membranes, rather than
circulating suPARI−III is slowly cleaved by proteases
as a response to the activation (reaction pathway 2).
This is in agreement with observations made by Pliyev:
That the suPARII−III-release could not be explained
by the release of intracellular stores of suPARII−III

upon neutrophil degranulation or shedding of uPAR
containing vesicles. These results indicate that circu-
lating suPARII−III primarily results from GPI-anchor
cleavage of membrane bound uPAR II−III and not from
cleavage of circulating suPARI−III. However it was
observed, that suPAR release from resting and acti-
vated human neutrophils was metalloproteinase- and
PI-PLD-independent. Thus, the enzyme(s) that is re-
sponsible for suPAR release from human neutrophils
remain(s) to be identified [72].
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3.3. Signaling significance of suPAR II−III

The membrane attachment of uPAR via a GPI an-

chor i.e. the lack of an intracytoplasmic region capable

of connecting with the cytoplasmic signal transducers,

provoked several groups to focus on identifying a trans-

membrane adaptor that could mediate the activation of

intracellular transducers [29,78]. Fazioli et al., hypoth-

esized that the SRSRY sequence must interact with a

cell surface protein which can signal through a het-

eromeric G protein and the group showed that a synthet-

ic uPAR chemotactic epitope activates p56/p59hck and

that both chemotaxis and activation of p56/p59hck are

pertussis toxin (PTX) sensitive, implying a connection

between G proteins and intracellular protein tyrosine

kinases. This result confirmed the G protein depen-

dence of uPAR/suPAR chemotaxis and suggests that the

activation of tyrosine kinases is a downstream step from

the heterotrimeric Gi protein [29]. This was confirmed

with results indicating that p56/p59hck is a probable

downstream effector of uPAR-mediated signal trans-

duction and that p56/p59hck is a common mediator of

both chemotactic and adhesive responses [15,77]. Lat-

er, Resnati et al., found that the 7TM receptor FPR-like

receptor 1 (FPRL1) is necessary and sufficient to medi-

ate the chemotactic activity of suPARII−III. Their work

identified the suPARII−III fragment as an endogenous

ligand for FPRL1 and demonstrated that the chemotac-

tic region SRSRY is required for the interaction. Es-

pecially the amino acid Tyr92 in the SRSRY sequence

is essential for the interaction between FPRL1 and

suPARII−III [78]. FPRL1 is a low affinity variant of the

fMLF receptor which belongs to the Gi protein-coupled

receptor super family (GPCR), and which also includes

chemokine receptors. The receptor is expressed by

monocytes, lymphocytes and neutrophils and up regu-

lated by various cytokines and growth factors [49]. Ac-

tivation of the FPRL1 leads to desensitization to its lig-

and formyl-methyonyl-leucyl-proline(fMLP) and inhi-

bition of chemokine-induced monocyte chemotaxis to

MCP-1 [31,78]. Cells with undetectable FPRL1 or uP-

AR do not respond to the suPARII−III but transfection

with FPRL1 into uPAR-deficient cells restores their re-

sponsiveness to suPARII−III [11]. The interaction of

suPAR with FPRL1 was later confirmed by Pliyev, who

showed that TNF-α-primed and IL-8-stimulated neu-

trophils release the chemotactically active suPARII−III

that utilizes FPRL1 as a functional receptor mediating

its effect [72].

It has been suggested that the determining factor for

receptor cleavage is not the actual uPA concentration,

but rather the ligand/receptor ratio [41]. Blocking the

release of uPAR with inactivated uPA did not have

a pronounced effect on uPA-catalyzed cleavage sug-

gesting that the activity of receptor-bound uPA in this

case is not primarily directed against the same suPAR

molecule on which it is bound. However, the same

study determined that the required ligand/receptor ratio

is 5:1 for efficient cleavage in solution under their ex-

perimental conditions and a ligand/receptor ratio less

than 1:1 was required for efficient cleavage of uPAR on

the cell surface [41].

In conclusion, there seems to be very strong evidence

that suPARII−III is mediating a chemotactic effect on

immunologically active cells, but the regulation of the

receptor cleavage and hence generation of the chemo-

tactic suPAR-fragments is still not fully understood.

Clearly, suPARII−III is implicated in the inflammato-

ry response as will be discussed below for several dis-

eases, but whether it is promoting the immune response

or merely just a result of an increased activation level

of the immune system is still not clear.

3.4. suPARI: a left-over component?

suPARI constitutes the 16kDa ligand-binding do-

main (DI) of the uPA receptor. This NH2-terminal do-

main of the suPAR molecule is liberated from full-

length suPARI−III by cleavage of the linker region with

a protease, which abolishes ligand binding of uPAR

and thereby plasminogen activation as D I is required

for uPA to bind to its receptor [41,88]. D I may seem

like an important fragment of suPAR as this domain

is required for binding of uPA and vitronectin. The

experimental finding that the DI fragment behaves as

a distinct, structural domain is in accordance with the

cDNA sequence analysis of internal homology in u-

PAR, revealing DI as more distantly related to DII and

DIII (see Fig. 3), however, studies have indicated that

the isolated DI has a much lower uPA affinity than the

intact uPAR [75]. Furthermore, DIII, or the integrity

of the DII-DIII part of suPAR, is required for strong

ligand binding [9]. This indicates that suPARI is rather

ineffective as an uPA-scavenger.

High amounts of urine-suPARI are found in urine

samples from acute myeloid leukemia patients with a

high number of tumor cells in the circulation. Only one

of eight patients with a low number of tumor cells in

the circulation had, at diagnosis, detectable amounts of

suPARI in the urine [60]. Whereas full-length uPAR

and suPAR is found in cell lysates, in plasma, in bone-

marrow plasma, and in urine, different fragments of
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uPAR show different distributions: suPARII−III is, like

suPARI−III, found in cells, plasma, and urine, while

suPARI is found only in urine [60]. The presence of

DII-DIII in cells and previous demonstration that cleav-

age does not occur in urine [90] made Mustjoki et al.,

suggest that DI is produced by cleavage of uPAR in the

cells and that the clearance time of DI must therefore

be very short because they had have never detected it

in cell lysates or in plasmas [60]. Beaufort et al., doc-

umented a fast proteolytic degradation of the D I frag-

ment, which disapear within 30 min. after liberation

from uPAR activated polymorphonuclear neutrophils.

4. suPAR and diseases

suPAR levels are thought to reflect the state of im-

mune activation of the individual. This is substantiated

by findings of increased suPAR levels in individuals

suffering from viral, bacterial or parasitical infections

as well as autoimmune diseases and cancer. Interest-

ingly, in all of these conditions the higher the concen-

tration of suPAR, the worse the prognosis of the dis-

ease [5,28,69,89,92,96,101,111,113].

At first, uPAR was thought to be disease-specific,

given uPAR’s up-regulation on cancer cells, involve-

ment in extracellular proteolysis and the prognostic val-

ue of suPAR in predicting the severity of cancer and an

unfavorable clinical outcome. As antagonists of uPA

or uPAR were shown to prevent growth, invasiveness

and metastasis of tumors [58] development of antago-

nists to the uPA-uPAR system for human cancer ther-

apy commenced and several product candidates are in

pre-clinical and early clinical development. HIV infec-

tion was linked to the uPA-uPAR system by findings

including the enhanced expression of uPAR on the cell

surface of monocytes and lymphocytes in vitro [99].

Based on these observations Sidenius et al., first inves-

tigated the correlation between serum suPAR levels and

HIV-1 disease prognosis in 2000 and found the by now

well documented increase of suPAR levels in HIV-1 in-

fected individuals and its power as a prognostic mark-

er, with strength similar to, and independent of, CD4

counts and viral load. Hereafter the picture broadened

to reveal that suPAR’s predictive power is unspecific

to the respective disease, as it reflects the overall sys-

temic inflammation and immune activation common to

many life-threatening diseases. In agreement with the

hypothesis of immune activation/inflammation, a high

level of suPAR was associated with worse prognosis in

several diseases, including tuberculosis [24] and malar-

ia [65]. Latest, suPAR was shown to be a potential

standardized assessment tool in critical care [45]. This

is of clear importance as economic as well as patient

survival considerations are calling for better tools to

evaluate the state of patients with community-acquired

infections, most notably with the systemic inflamma-

tory response syndrome (SIRS).

4.1. suPAR and SIRS

SIRS patients represent a large group of patients re-

porting to Emergency Departments [102] and a wealth

of literature suggests that accurate and timely identi-

fication of high-risk patients is needed to ensure the

optimal use of health care resources (see Kofoed 2008

and reference therein).

Early aggressive treatment for identified high-risk

SIRS patients is thought to ultimately improve survival,

and distinction of those from others requires standard-

ized and fast assessment tools: Physicians rely large-

ly on experience and intuition to triage SIRS patients,

which is an approach that is not easily reproduced or

taught to others, as well as on assessments with long

time-lags, as is often the case with microbial cultures.

Kofoed et al., investigated a range of new and es-

tablished biomarkers, marker combinations and assess-

ment tools in a prospectively collected cohort of pa-

tients with systemic inflammatory response syndrome

(SIRS) that were admitted to an emergency department

and a department of infectious diseases. The area under

the receiver operating characteristic (ROC) curve for

the prediction of 30-and 180-day mortality was used

to compare the performance of the markers and the

models: suPAR, especially when combined with age,

outperformed other markers, and even yielded a slight-

ly better result than the comprehensive and elaborate

predictive models of simplified acute physiology score

II (SAPS II) and sequential organ failure assessment

(SOFA).

4.2. suPAR and TB

TB patients represent a great challenge both with re-

gard to diagnosis of active or latent infection and to

monitoring of treatment efficacy. As in SIRS patients,

suPAR is elevated by active TB disease, suPAR levels

at time of TB treatment initiation is prognostic for sur-

vival during the 8-month treatment period, and in those

who successfully complete the treatment, suPAR levels

decrease to the level of non-infected individuals [28].
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Siawaya and coworkers recently investigated a num-

ber of markers, including suPAR, for their ability to

predict TB treatment efficacy. The study included 20

culture positive TB patients who were followed with

blood samples during the treatment and 13 healthy com-

munity controls. The group found that patients with

active TB had significantly higher suPAR levels at time

of treatment initiation compared to the community con-

trols. After one week of TB treatment, a significant

decrease in suPAR was observed, and at the end of

treatment the TB patient’s suPAR level had decreased

to the level of the controls.

Thus, suPAR seems a very promising biomarker in

TB and suPAR as a marker of TB treatment efficacy

is under investigation in a large EU FP6 funded study

and the data will be published in 2009 (Rabna et al.,

submitted).

4.3. suPAR and HIV

Similar benefits of the prognostic potential have been

documented extensively for use of suPAR in HIV pa-

tients. suPAR was shown to be a strong predictor of im-

munologic failure and mortality in HAART naive pa-

tients with HIV-1 infection with a prognostic strength

similar to that of CD4+ T-cell count and HIV-1 viral

load [66,89].

Schneider et al., highlighted the combined prognos-

tic value of suPAR and CD4 by showing that both mark-

ers added clinical value on the risk of mortality in non-

ART treated HIV-1 patients. Within a two-year follow-

up period, patients with a low CD4 count (defined as

below 200) and high suPAR levels (defined as above

6 ng/ml) had high two-year mortality while those with

low CD4 and low suPAR levels had low two year mor-

tality [85]. A cut-off limit for suPAR at maximum 6

ng/mL was suggested for initiation of ART, in particu-

lar in cases of CD4 between 350 and 200 cells per ul,

which needs to be confirmed in larger patient popula-

tions; also the dynamics of suPAR in relation to HIV

progression needs to be further addressed. For clinical

practice the fact that plasma suPAR levels are not af-

fected by uPAR promoter polymorphisms [85] increase

the potential value of suPAR as a biomarker for HIV

progression and treatment initiation. Also in patients

receiving HAART suPAR was shown to decrease with

effective therapy suggesting its potential as a treatment

efficacy marker [64] with potential clinical benefits.

Overall, the above described studies argue for a place

of suPAR amongst routine HIV patient assessment: So

far dominated by HIV RNA viral load and CD4 cell

counts, the former of which requires expensive, high

technology laboratory facilities, suPAR is proposed as

a robust and reliable prognostic marker that can also be

used in resource-limited settings.

The implications of suPAR as a clinical HIV man-

agement tool were recently extended to prognostic in-

formation of the metabolic status of patients under-

going HAART [3], as HIV-infected patients receiving

HAART have an increased risk of various metabolic

disorders, which may involve low-grade inflammation

and other immunological perturbations.

Andersen et al., found that plasma suPAR correlate

with important features of dysmetabolism, as strong

correlations between plasma suPAR and the number

of white blood cells, TNF-a, fat distribution, insulin

sensitivity, and measures of lipidemia could be demon-

strated. In addition, the presented data suggest that

plasma suPAR is a stronger predictor of dysmetabolism

than TNF-a and IL-6 as shown in multiple regression

analyses.

A follow-up study [3] extends the correlation to

an association between suPAR and glucose tolerance,

which is a composite measure of insulin sensitivi-

ty, insulin secretion, proinsulin secretion and circu-

lating fatty acids during an oral glucose challenge of

HIV infected patients on stable HAART. Taken togeth-

er these findings could link immunologic, infectious

and metabolic characteristics of HIV patients receiving

HAART and suggest suPAR as a potential marker of

dysmetabolism in HIV patients on stable HAART.

4.4. A good clinical marker

suPAR’s high stability in plasma samples make it a

good candidate as a potential clinical marker: For ex-

ample, suPAR levels in healthy individuals are known

to be stable throughout the day [93] circadian changes

in plasma concentration of suPAR in HIV-infected pa-

tients on stable HAART are shown to be very limit-

ed (see above), even repeated freeze-thaw procedures

of plasma samples do not affect the suPAR concentra-

tions [80]. Thus, suPAR measurements based on a bi-

ological fluid derived from a subject will be valid, in-

dependent of whether the subject is fasting or not, and

largely independent of the sampling schedule.

4.5. suPAR – a marker for low-grade inflammation?

The work on suPAR’s implication in HIV progres-

sion described above as well as the strong positive cor-

relation between suPAR and TNF-a [3] and the corre-
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lation to C-reactive protein [96], which also predicts

survival rates in HIV-1 infected individuals [48] lead to

the hypothesis that suPAR levels indicate a heightened

inflammatory state and thus link suPAR to the basic

inflammatory response of the immune system.

Inflammation is occurring in the diseased person

(infection, trauma, autoimmune disease) and suPAR

seems a good marker for the level of the inflamma-

tion and hence provides a snapshot on the status of the

immune system’s battle against the pathogen.

However, in recent years the term low-grade inflam-

mation is becoming commonly used. Low-grade in-

flammation, in contrast to inflammation, describes the

immune state of a healthy individual (without disease).

The current gold marker of low-grade inflammation is

hsCRP, a sensitive assay for measurement of low levels

of the acute phase protein C-reactive protein. Several

studies have shown that slightly elevated hsCRP (not

the high levels observed in infected individuals) is asso-

ciated with increased risk of developing cardiovascular

disease. Compared to CRP, suPAR is a stable protein

in vivo, reflected in a less than 2-fold up regulation in

individuals injected with LPS and in limited circadian

fluctuation [3] indicating it may be a more stable mark-

er of the immune state. Indeed, we have recently found

that suPAR is a good marker of low-grade inflamma-

tion and predicts disease and mortality in the general

population (Eugen-Olsen et al., submitted).

The documented involvement of suPAR in infectious

diseases and pathological conditions makes suPAR a

promising clinical marker. The strong prognostic value

found across diseases may reflect a stronger linkage to

immune activation compared to traditional markers of

inflammation such as hsCRP, TNF-a and IL-6.

Several studies have documented the central role

and involvement of suPAR in inflammatory responses

and pathological conditions. The intriguing question is

whether suPAR is promoting the pro-inflammatory im-

mune response or whether this receptor and receptor-

fragments are merely a result of an increased activation

level of the immune system. It will be interesting to

see whether inhibition or removal of suPAR and su-

PAR fragments can reduce inflammation and disease

progression.

In conclusion, suPAR and suPAR fragments reflect

the activation state of the immune system and are in-

volved in several immune regulating mechanisms. The

prognostic value of suPAR levels across diseases posi-

tion suPAR as a new promising inflammatory biomark-

er.
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