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n INTRODUCTION

P
lasminogen is a zymogen circulating in
plasma, mostly synthesized as a single
chain in the liver; it is converted to the

two-chain active plasmin by a single cleavage,
catalyzed by two specific activators, the uroki-
nase-type plasminogen activator (uPA) and the
tissue-type plasminogen activator (tPA). Plas-
min is a broad-spectrum protease. It binds and
degrades fibrin; thus, a primary in vivo function
of plasmin is the regulation of fibrinolysis. Fib-
rin can be bound also by plasminogen and tPA;
since the assembly of plasminogen and its acti-
vator at the surface of fibrin results in a very ef-
ficient fibrin degradation, tPA plays a key role
in fibrinolysis [1]. 
Plasminogen/plasmin also bind to the cell sur-
face, as well as uPA. Plasminogen/plasmin cel-
lular binding sites are low-affinity heteroge-
neous receptors whereas the uPA receptor (uP-
AR) binds its ligand with high affinity and speci-
ficity. Both receptors are expressed on a variety
of cell types; the assembly on the cell surface of
both plasminogen and its urokinase-type activa-
tor strongly enhances plasminogen activation, as
it occurs for plasminogen and tPA on the fibrin
clot [2]. Plasmin is able to promote, beside fibri-
nolysis, the degradation of various components
of the extracellular matrix (ECM); its localized
activity on the cell surface allows the cells to de-
grade the surrounding ECM and to move across
physical barriers. Thus, the uPA-mediated plas-
minogen activation has been implicated in bio-
logical processes requiring cell migration [1, 2].
Cell migration is a basic event in various physio-
logical and pathological processes, including cell
recruitment in innate and adaptive immunolog-
ic response, wound healing, angiogenesis. 

The activity of the plasminogen activation sys-
tem is regulated by specific inhibitors, such as
the a2-antiplasmin for plasmin, and the type 1
(PAI1) and type 2 (PAI2) inhibitor for uPA and
tPA [1, 2].
uPAR plays a central role in cell migration by
regulating cell-associated plasmin activity;
however, a large body of evidence has clearly
shown that it is involved in cell migration, as
well in cell adhesion, survival and proliferation,
even independently of the proteolytic activity
of its ligand, likely by interacting with other ex-
tracellular and/or cell-surface ligands [3]. 
uPAR is expressed on most of leukocytes, in-
cluding monocytes/macrophages, granulo-
cytes, immature dendritic cells, and is involved
in their migration across the blood barrier and
into tissues, crucial events in inflammation, im-
mune response against infection, cancer inva-
siveness and tissue remodeling following in-
jury [4, 5]. Further, uPAR can be released from
the cell surface in soluble forms; increased su-
PAR levels have been reported in individuals
suffering from viral, bacterial or parasitical in-
fections as well as autoimmune diseases and
cancer [5]. suPAR levels are thought to reflect
the state of immune activation of the individ-
ual. Interestingly, in all of these conditions the
higher concentration of serum suPAR corre-
lates with a worse prognosis of the disease.
Here, we will review uPAR structure and func-
tions and its involvement in infectious diseases.

n THE uPA RECEPTOR 

The uPA receptor was identified in 1985 and its
cDNA sequenced in 1990 [6, 7]. The cDNA se-
quencing showed the absence of a obvious
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transmembrane sequence. In fact, uPAR is an-
chored to the cell membrane by a glycosylphos-
phatidylinositol (GPI) tail, which is attached to
the C-terminus after removal of a signal se-
quence [8]. The GPI-anchor confers extreme
mobility to uPAR along the cell-membrane and
enables the receptor to associate to specialized
microdomains of the plasma membrane (lipid
rafts) [9]. Mature uPAR is a heavily glycosylat-
ed protein consisting in three homologous do-
mains termed DI, DII and DIII from the N-ter-
minus. DI is mainly involved in uPA binding,
even if the full-length molecule is required for
an efficient binding. The solved crystal struc-
ture of the soluble form of uPAR, bound to an
antagonist peptide or to the amino-terminal
fragment (ATF) of uPA, has shown that the
three domains delimit a central cavity accomo-
dating the ligand peptide [10]. uPAR, beside
uPA, binds with high affinity vitronectin (VN),
thus acting as a non-integrin ECM receptor [11]. 
The DI-DII linker region of uPAR is extremely
sensitive to the action of various proteases, in-
cluding plasmin and uPA. The proteolytic
cleavage in the uPAR DI-DII linker region pro-
motes the release of the uPA-binding DI do-
main, thus leaving on the cell surface truncated
forms of GPI-uPAR (DII-DIII uPAR), detected
in various cell types [1, 3, 12]. These DII-DIII
uPAR forms can expose at the N-terminus, ac-
cording to the cleavage site, the sequence
SRSRY, corresponding to amino acids 88-92,
that is involved in cell migration [3, 13].
Both full-length and cleaved forms of uPAR can
be shed from the cell surface by the action of
phospholipases or proteases, generating solu-
ble uPAR forms (suPAR and DII-DIII suPAR).
uPAR soluble forms have been detected in vitro,
in supernatant from cultured cells, and, in vivo,
in body fluids as plasma, urine and cere-
brospinal fluid [1, 3]. The cleaved suPAR form
exposing the sequence SRSRY (aa 88-92) is a lig-
and of the G-Protein Coupled Receptors
(GPCRs) for the fMet-Leu-Phe peptide (fMLF)
[14]. fMLF is a peptide of bacterial origin that is
a strong leukocyte chemoattractant. fMLF re-
ceptors (fMLF-Rs) were firstly identified in
leukocytes, and, subsequently, in several differ-
ent cell types. The fMLF-R family comprises the
high affinity fMLF-R (FPR1) and its homo-
logues FPR2 and FPR3. FPR2 has a much lower
affinity for fMLF, whereas it is efficiently acti-
vated by several other molecules, including
lipoxin A4, serum amyloid A, HIV derived pep-
tides. FPR3 shows a high homology with the

other two fMLF-Rs but does not bind fMLF and
shares few ligands with FPR2, including DII-
DIII suPAR [15]. Cell-surface uPAR is present in
various immunologically active cells including
monocytes, activated T-lymphocytes and
macrophages, but also endothelial cells, ker-
atinocytes, fibroblasts, smooth muscle cells,
megakaryocytes, epithelial cells [5]. 

n uPAR FUNCTIONS

The primary GPI-uPAR functions are strictly
related to its extracellular ligands. uPAR regu-
lates extracellular proteolysis by binding uPA
and cell adhesion to ECM by binding VN. How-
ever, uPAR is able to regulate cell adhesion, mi-
gration and proliferation, protects from apopto-
sis and anoikys and induces epithelial mes-
enchymal transition (EMT), independently of
uPA enzymatic activity [1, 3]. These multiple
uPAR activities implicates that the GPI-uPAR,
even devoid of a transmembrane and cytosolic
region, is able to activate intracellular signalling
pathways. To this end, its interaction with cell-
surface molecules, provided with signalling ca-
pability, is required. uPAR interactions with
molecules other than uPA is consistent with the
solved crystal uPAR structure, which shows a
large external surface of the receptor, well sep-
arated from the central urokinase-binding cavi-
ty, that is available for the binding to other mol-
ecules [10]. In fact, uPAR can associate to inte-
grins of the beta1, beta2 and beta3 families; in-
tegrins represent the main uPAR partner in cell
signalling [16, 17]. uPAR binding sites have
been identified in integrins and integrin bind-
ing sites have been identified in uPAR domains
DII and DIII. uPAR association to integrins, be-
side allowing uPAR-dependent signalling, also
regulates integrin activity [1, 3]. 
The capability of the DII-DIII suPAR to bind the
fMLF-Rs and functional interactions of the full-
length GPI-uPAR with these chemotaxis recep-
tors, observed in various cell types [18-20], have
suggested that also the fMLF-Rs could associate
to uPAR on the cell membrane and contribute
to its signalling activities [1, 3]. 
uPAR also cross-talks with growth-factor re-
ceptors, such as the epidermal growth factor re-
ceptor (EGFR) and the platelet derived growth
factor receptor (PDGFR) beta, and, as recently
shown, with CXCR4, the receptor for the stro-
mal-derived factor 1 (SDF1) chemokine,
through the involvement of fMLF-Rs [3, 21].
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Full-length GPI-uPAR and suPAR have a simi-
lar conformation, except in the DI-DII linker; in
fact, an antibody raised to a peptide comprising
residues 84-94, which constitutes a part of the
linker-region, recognizes uPAR but not suPAR
[22]. uPAR retains its ligand-binding capability
in the full-length soluble form, suggesting that
suPAR may act as a ligand-scavenger molecule
able of inhibiting uPA-dependent cell-associat-
ed proteolysis and cell adhesion to VN [1, 3]. 
The cleavage abolishes uPAR binding to all its
extracellular and cell-membrane ligands. How-
ever, the DII-DIII suPAR, exposing the SRSRY
sequence, exerts a novel activity, since it binds
and activates the fMLF-Rs [14]. In fact, the
cleaved suPAR is a potent chemoattractant for
cells expressing these GPC receptors, including
leukocytes. Interestingly, DII-DIII suPAR acts
in vivo as an efficient mobilizing agent for
leukocytes and hematopoietic stem cells [23]. 

n uPAR IN INFECTIOUS DISEASES

uPA and uPAR are expressed by a variety of
cells of hematopoietic origin and the levels of
various components of the PA system are up-
regulated during several infections, suggesting
a role for this system in the development of
both innate and adaptive immune responses
[24]. In fact, bacterial products, such as endo-
toxin, and proinflammatory cytokines, such as
IL-1 and TNF-a, released upon infection, in-
crease the expression and secretion of uPA by
several cells, including monocytes and neu-
trophils. The local release of uPA potentiates
neutrophil activation, superoxide production
and migration by either uPAR-dependent or -
independent pathways [24]. 
Membrane-bound and soluble uPAR are capa-
ble of modulating mononuclear cell adhesion
and migration in vitro. In addition, the cleaved
soluble form of uPAR may contribute to the re-
cruitment of inflammatory cells through fMLF-
Rs stimulation. In fact, in vivo, macrophages
and neutrophils of uPAR-deficient mice fail to
infiltrate the lungs after infection with Strepto-
coccus pneumoniae or Pseudomonas aeruginosa [25,
26]. Further, migration of inflammatory cells in-
to peritoneal cavity of thioglycollate-treated
uPAR (-/-) mice resulted impaired [27]. By con-
trast, uPA-deficient mice showed similar or en-
hanced host defense to both S. pneumoniae or P.
aeruginosa as compared to wild type mice [25,
26]. The finding that uPAR- and uPA-knockout

mice have different susceptibilities to several
pathogen infections and that PAI1- or plas-
minogen-knockout mice show optimal inflam-
matory cell migration and host defense during
S. pneumoniae infection indicate that uPA and
uPAR contribute to innate immune responses
also independently of proteolytic activities [28].
Exposure to the spirochete Borrelia burgdorferi,
the causative agent of Lyme borreliosis, induces
up-regulation of uPAR expression on murine
and human leukocytes. B. burgdorferi-inoculat-
ed uPAR (-/-) mice harbored significantly high-
er Borrelia numbers compared to wild type
controls. This was associated with impaired
phagocytotic capacity of B. burgdorferi by uP-
AR (-/-) leukocytes in vitro [29]. 
In addition to modulating the development of
innate immune responses, uPA and uPAR may
also participate in the initiation of adaptive im-
mune responses. Both uPA and uPAR are rapid-
ly upregulated during T-cell activation. Further,
uPAR is expressed by antigen-presenting cells
(APCs), such as dendritic cells (DCs), mono-
cytes and macrophages [4,5]. T-cell recruitment
to the lung is defective in uPAR (-/-) mice [30]. 
The discovery of the soluble receptor in plasma
from healthy individuals initially suggested
that suPAR levels reflected the overall level of
cell-surface uPAR. Indeed, suPAR levels are
thought to reflect the state of immune activa-
tion of the individual; in fact, increased suPAR
levels have been reported in patients with viral,
bacterial or parasitical infections as well as au-
toimmune diseases [5]. A higher level of serum
suPAR correlates with a worse prognosis in
several infectious diseases, including Human
immunodeficiency virus-1 (HIV-1) infection,
tuberculosis (TB) and malaria [5]. 
suPAR level is elevated by active TB disease
and, at time of TB treatment initiation, is prog-
nostic for survival during the treatment period.
In the patients who successfully complete the
treatment, suPAR levels decrease to the level of
non-infected individuals. Thus, suPAR seems a
very promising biomarker in TB [31].
HIV-1 infection has been shown to result in uP-
AR up-regulation on leukocytes in vitro and in
vivo [32]. The level of suPAR was measured ret-
rospectively in serum samples from 314 pa-
tients with HIV-1 infection [33]. Serum suPAR
levels were correlated to survival with AIDS-re-
lated death as the end point. High levels of
serum suPAR (greater than median) were asso-
ciated with poor overall survival, and Kaplan-
Meier analysis on patients stratified by suPAR



level demonstrated a continuous increase in
mortality rates with higher suPAR levels. After
adjustment for accepted prognostic markers,
the prognostic strength of suPAR remained
highly significant, indicating that the serum su-
PAR level was a novel, strong, and indepen-
dent predictor of survival in HIV-1 infection
[33]. suPAR was shown to be a strong predictor
of immunologic failure and mortality in highly
active antiretroviral therapy (HAART) patients
with HIV-1 infection, with a prognostic
strength similar to that of CD4+ T-cell count
and viremia. Combining prognostic value of
suPAR and CD4 added clinical value on the
risk of mortality in non- antiretroviral therapy
treated HIV-1 patients [5]. 
suPAR plasma level has been recently pro-
posed as a predictor of disease severity and
case fatality in patients with bacteraemia in a
prospective cohort study. Plasma suPAR levels
were measured in 132 patients with bacter-
aemia caused by Staphylococcus aureus, Strepto-
coccus pneumoniae, b-haemolytic streptococci or
Escherichia coli [34]. suPAR values were exam-
ined on days 1-4 after a positive blood culture,
on days 13-18 and on recovery. The maximum
suPAR values on days 1-4 were markedly high-
er in nonsurvivors compared to survivors. At a
cut-off level of 11.0 ng mL(-1) , the sensitivity
and specificity of suPAR for fatal disease was
83% and 76%, respectively. A high level of su-
PAR (≥11 ng mL(-1) ) was associated with hy-
potension and high sequential organ failure as-
sessment score (≥4). A high suPAR level re-
mained an independent risk factor for case fa-
tality in a logistic regression model adjusted for
potential confounders. On these basis authors
proposed plasma suPAR level as a sensitive

and specific independent prognostic biomarker
in patients with bacteraemia. 

n CONCLUSIONS

uPAR is expressed by a variety of hematopoi-
etic cells and its expression is up-regulated
during various bacterial, viral and parasitic in-
fections, suggesting a role for uPAR in the de-
velopment of an efficient innate and/or adap-
tive immune response [4, 5, 23, 35]. uPAR mod-
ulates mononuclear cell adhesion and migra-
tion in vitro; its absence in knock-out mice im-
pairs a correct immune response to various in-
fective agents. In vivo, uPAR might favor re-
cruitment, activation and phagocytic activity of
cells belonging to the innate immune response.
In the peripheral lymphoid organs, uPAR
might then favor T-cell activation, proliferation
and differentiation, and in this way contribute
to the development of adaptive immunity.
Cell-surface uPAR can be released in soluble
forms (suPAR). Serum suPAR level is related
to the overall level of cell-surface uPAR ex-
pression and seems to reflect the activation
state of the immune system. Thus, suPAR ap-
pears to be a stable marker of immune activa-
tion with a strong prognostic value in various
infectious diseases [36].
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Cell migration through the extracellular matrix
(ECM) or endothelial cells is a basic process in sev-
eral physiological and pathological events, includ-
ing the immune host response to pathogens, both in
the case of innate and adaptive immunity. The
urokinase-type plasminogen activator (uPA) recep-
tor (uPAR) is a GPI-anchored cell-surface receptor
largely expressed on most of leukocytes, including
monocytes/macrophages, granulocytes, immature
dendritic cells. uPAR has been detected also in sol-
uble and cleaved forms, which are increased in sev-
eral pathologies. uPAR focuses the proteolytic ac-
tivity of its ligand, the serine-protease uPA, on the

cell membrane, thus promoting localized plasmino-
gen activation and allowing the cell to degrade sur-
rounding ECM and to move across physical barri-
ers. However, the discovery that uPAR can bind
with high affinity a component of the ECM, vit-
ronectin (VN), and associates to cell surface mole-
cules to activate signalling pathways inside the
cells, largely expanded the role that uPAR can play
in cell proliferation/survival and adhesion/migra-
tion, which are crucial events for an efficient im-
mune response to infectious agents. This review is
focused on the expression and possible functions of
the various forms of uPAR in infectious diseases.

SUMMARY
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La capacità delle cellule di migrare attraverso la matri-
ce extracellulare (ECM) o attraverso la barriera endote-
liale è fondamentale in vari eventi fisiologici e patologi-
ci, inclusa la risposta del sistema immunitario ai pato-
geni. Il recettore (uPAR) dell’attivatore del plasminoge-
no di tipo urochinasico (uPA) è un recettore ancorato
alla superficie cellulare tramite una coda glicosfingolipi-
dica ed è espresso nella maggior parte dei leucociti, in-
clusi i monociti/macrofagi, i granulociti, le cellule den-
dritiche. L’uPAR è presente anche in forme tronche e/o
solubili; i livelli di tali forme risultano incrementati in
numerose patologie. 
L’uPAR focalizza l’attività proteolitica del suo ligando,
la serin-proteasi uPA, sulla superficie cellulare, pro-

muovendo l’attivazione localizzata del plasminogeno a
plasmina, permettendo così alla cellula di degradare la
matrice extracellulare circostante e di attraversarla.
Tuttavia la scoperta che l’uPAR può legare con alta af-
finità un componente dell’ECM, la vitronectina, ed è in
grado di associarsi a molecole della superficie cellulare
per attivare vie di segnalazione intracellulari, ha contri-
buito ad ipotizzare un ruolo più ampio per l’uPAR nel-
la proliferazione, sopravvivenza, adesione e migrazione
cellulare, processi fondamentali per una efficiente rispo-
sta immunitaria alle infezioni.
Saranno quindi analizzate l’espressione e le possibili
funzioni delle varie forme dell’uPAR nelle malattie in-
fettive.
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