SuPAR, an emerging biomarker in kidney and
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ABSTRACT

Soluble urokinase plasminogen activator receptor
(suPAR) is a circulating form of a physiological and
pathophysiological important cell surface receptor,
implicated in inflammation. Recent studies showed that
suPAR is a promising biomarker, useful for diagnosis,
assessment and prognosis of several diseases. This
review summarises the majority of preliminary studies
and analyses the significance and the clinical application
of suPAR in various clinical conditions. SuPAR seems

to have a significant value in the diagnosis as well as
prognosis of many diseases; nonetheless, it merits large-
scale studies to set cut-off values that help physicians in
following up their patients and accordingly tailor their
treatment plans.

INTRODUCTION

Biomarkers have shown great importance in the
diagnosis, prognosis, treatment choices, response to
treatment as well as follow-up markers for several
medical conditions.! Biomarkers are grossly divided
into two categories: biomarkers of exposure and
biomarkers of disease. Biomarkers of exposure are
used to predict patients at risk of developing specific
diseases, whereas biomarkers of disease help in
‘screening, diagnosis and monitoring of disease
progression”.” In the era of personalised medicine,
different biomarkers hold promising value for
serving as disease surrogate endpoints. Recently,
soluble urokinase plasminogen activator receptor
(suPAR) has been closely studied to determine its
accuracy and reliability as a novel biomarker in a
large number of diseases.' * In this work, we will be
reviewing and analysing the significance of suPAR
as a novel biomarker in various clinical entities
which are summarised in tables 1 and 2.

PLASMIN-PLASMINOGEN SYSTEM

The plasmin-plasminogen system controls the
degradation of fibrin-containing clots; nonetheless,
over the past 40 years, it has been found to facili-
tate different pathways based on the type of cell it
is bound to. Its protease activity mediates several
cellular pathways including cell migration, activa-
tion, adhesion, angiogenesis and wound healing.
The system depends on the conversion of plasmin-
ogen to plasmin (a serine protease) through either
tissue-type plasminogen activator or urokinase type
plasminogen activator (uPA) (figure 1).> SuPAR is
the soluble form of the urokinase-type plasminogen

activator receptor (uPAR); a glycosyl-phosphatidyli-
nositol linked membrane protein. In its membrane-
bound form, suPAR is present on various cells
including monocytes, activated T-lymphocytes,
endothelial cells, keratinocytes, macrophages,
smooth muscle cells, fibroblasts and megakary-
ocytes, whereas in its soluble form, it is found in
blood, serum, urine and cerebrospinal fluid.*

SuPAR is one of the few mammalian members
of the three-finger-like proteins. On crystallog-
raphy, suPAR was found to have three domains,
each forming finger folds arranged in a manner that
creates an internal cavity and a large surface area.
SuPAR’s three-dimensional structure explains its
ability to interact with extracellular matrix proteins
such as vitronectin, integrins and other receptors.
These interactions mediate the influence of suPAR
on proteolysis, cell migration and adhesion.’ suPAR
was first described in the 1990s as a marker of
cancer progression as well as a marker of several
infectious diseases. Since then, suPAR has been
closely studied for its clinical, diagnostic, prog-
nostic and surveillance relevance.

NEPHROLOGY

In the field of nephrology, prognostic markers
of renal diseases are limited, yet several markers
linked to podocyte injury may be of great signif-
icance in predicting the disease course. SuPAR, a
marker of podocyte injury, has been implicated in
pathogenesis of various kidney diseases. It activates
ovB3 integrins on podocytes, stimulating small
GTPase Rac-1 proteins’ which in turn affects podo-
cyte foot process motility and effacement.® Hence,
suPAR affects the avp3 integrins pathway, resulting
in the inability of podocytes to adapt to physiolog-
ical events.” This highlights a proposed mechanism
behind which suPAR is involved in the development
of different pathologies including chronic kidney
diseases (CKD), focal segmental glomerulosclerosis
(FSGS) and diabetic nephropathy (DN)."° Two
major studies with several thousands of individ-
uals showed that plasma suPAR is associated with
new onset kidney disease.'” Higher suPAR level at
baseline was associated with a greater decline in the
estimated glomerular filtration rate (eGFR) during
subsequent visits and was associated with incident
CKD.! These studies also suggested that suPAR
was an adequate predictive biomarker for CKD
even in healthy individuals, as an increase in suPAR
levels was associated with CKD even before eGFR
decline.
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Table 1 SuPAR levels in different clinical entities (p<0.05)

Disease Patient number SuPAR value (ng/mL) P values Reference
Nephrology
MCD vs HC 37 vs 22 2.24+0.91 vs 2.26+0.48 0.025 12
DN+MacroP vs HC 11 vs 22 4.38+1.59 vs 2.26+0.48 0.025 12
MN vs HC 14 vs 22 3.11+0.64 vs 2.26+0.48 0.025 12
CIN vs HC 17 vs 22 3.92+1.58 vs 2.26+0.48 0.025 12
IgAN vs HC 25vs 22 2.93+1.65 vs 2.26+0.48 0.025 12
LN vs HC 18 vs 22 3.21+£1.52 vs 2.26+0.48 0.025 12
FSGS vs HC 17 vs 22 3.83+1.63 vs 2.26+0.48 0.025 12
Sepsis and infectious diseases
Post 28-day mortality (sepsis) vs no 11vs 121 10.72 (7.34-19.16) vs 6.80 (4.72-9.61) 0.028 67
mortality
Admission to ICU vs no ICU admission 88 vs 4255 5.6 (3.0-7.9) vs 3.2 (2.2-4.6) <0.0001 29
No readmission within 30 days vs 3370 vs 619 3.8 (2.7-5.5) vs 3.0 (2.2-4.2) <0.0001 29
readmission
Gastroenterology
AP (M vs MS vs S) 56 vs 37 vs 33 2.60+0.70 vs 3.80+0.80 vs 8.80+4.9 <0.0001 35
No/mild LF vs advanced LF 62 vs 20 4.60+1.70 vs 5.70+1.80 0.025 37
Pulmonary
HP vs HNP 58 vs 29 2.01 (1.81-2.38) vs 2.60 (1.82-3.49) > 0.05 43
Asthmatic NP vs Asthmatic pregnant 38vs 15 2.84 (2.33-3.72) vs 2.39 (2.07-2.69) <0.05 43
AE-COPD vs HC 43 vs 30 4.84+1.90 vs 2.36+0.89 <0.001 42
AE-COPD pretreatment vs post-treatment 43 vs 43 4.84+1.90 vs 3.38+1.34 <0.001 42
Dermatology and rheumatology
SLE vs HC 44 vs 55 4.58 (3.72-6.30) vs 2.80 (2.06-3.42) 0.0001 47
RA vs HC 61 vs 55 4.24 (3.19-5.40) vs 2.80 (2.06-3.42) <0.05 47
Sscvs HC 83vs 29 4.02 (3.19-5.53) vs 2.80 (2.06-3.42) <0.05 47
Behcet vs HC 30 vs 41 13.99+13.71 vs 6.51+3.06 0.03 60
Haematology and oncology
MM IT vs HC 8vs 30 5.62+2.91 vs 2.33+0.85 <0.01 50
MM vs HC 40 vs 30 5.37+1.31 vs 2.33+0.85 <0.01 50
AML vs HC 30vs 29 9.0+5.90 vs 2.40+1.40 <0.001 49
AML CR vs no CR 14vs 16 5.50+2.20 vs 12.0+6.60 <0.001 49
Cardiovascular system
STEMI vs HC 61 vs 76 3.46 (1.31-7.92) vs 2.46 (1.26-6.70) <0.001 68
NSTEMI vs HC 57 vs 76 3.46 (1.74-12.35) vs 2.46 (1.26-6.70) <0.001 68
Carotid plaque vs no carotid plaque 2288 vs 2878 2.96 (2.51-3.57) vs 2.74 (2.37-3.29) <0.001 23
PAD vs no PAD 968 vs 43842 3.47 (2.69-4.65) vs 2.83 (2.23-3.73) <0.001 25
Endocrinology
DM Il vs HC 182 vs 2171 4.47+1.33 vs 4.21+1.35 0.013 55
Others
Migraine attack vs interictal period 27 vs 33 2.36+0.39 vs 1.91+0.67 0.004 65
Never smokers vs smokers 46 vs 48 2.10+0.10 vs 3.30+0.20 <0.001 69
Ex-smokers vs smokers 32vs 16 2.40+0.10 vs 3.30+0.10 <0.01 69

AE-COPD, acute exacerbation chronic obstructive pulmonary disease; AML, acute myeloid leukaemia; AP, acute pancreatitis; CIN, chronic interstitial nephritis; CR, complete
remission; DM I, diabetes mellitus type II; DN, diabetic nephropathy; FSGS, focal segmental glomerulosclerosis; HC, healthy controls; HNP, healthy non-pregnant; HP, healthy
pregnant; ICU, intensive care unit; IgAN, IgA nephropathy; LF, liver fibrosis; LN, lupus nephritis; MCD, minimal change disease; MM, multiple myeloma; MM IT, multiple myeloma
ineffective; MN, membranous nephropathy; MS, moderate severity; MacroP, macroproteinuria; NP, non-pregnant; NSTEMI, non-ST elevation myocardial infarction; PAD, peripheral
arterial disease; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; STEMI, ST elevation myocardial infarction; Ssc, systemic sclerosis; SuPAR, soluble urokinase

plasminogen activator receptor.

The relationship between suPAR and other kidney diseases
has been the centre of several studies. The level of suPAR was
compared in glomerular diseases. A study examined whether
suPAR levels were useful in predicting kidney diseases secondary
to FSGS, minimal change disease or idiopathic membrane
nephropathy.!’ The conclusion was that the elevated suPAR
levels alone did not distinguish between the three disease enti-
ties.'" Another study from Taiwan explored the expression of
suPAR and found that it was most elevated in minimal change

disease and lowest in chronic interstitial nephritis; however, it
was elevated in all examined kidney diseases.'?

Focal segmental glomerulosclerosis (FSGS)

The effacement of the podocyte foot processes is a landmark
characteristic of FSGS.'® As such, and based on the mechanism
of podocyte injury caused by activation of the avp3 integrins
pathway, it was hypothesised that suPAR might be a circulating
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Table 2  SuPAR cut-off values for clinical studies

Disease entity SuPAR cut-off (ng/mL) Specificity (%) Sensitivity (%) References
Severe AP vs mild/moderate AP 4.75 93 93 35
Predict 28-day mortality in patients with ALF 144 Al Al 39
Screen for tuberculosis >5 62 82 32
Screen for HCC 9.56 90 76 70

ALF, acute liver failure; AP, acute pancreatitis; HCC, hepatocellular carcinoma; suPAR, soluble urokinase plasminogen activator receptor.

factor in FSGS. We learnt that a lower eGFR at baseline, such as
that found in FSGS, was independently associated with elevated
suPAR levels.” This is not surprising since other molecules such
as fibroblast growth factor 23 having a similar molecular size to
suPAR are correlated with a reduced renal clearance.'

Moreover, circulating factors have been implicated in the
actiology of FSGS based on significant observations. FSGS has
been found to recur after renal transplantation in about 30%
of patients. Second, plasma infusion from patients with FSGS
can induce proteinuria in rats. In addition, a case of transient
proteinuria in a newborn was suggested to occur by the trans-
mission of a permeability factor from a mother suffering from
FSGS."

Henceforth, circulating suPAR levels were found to be elevated
in two large cohorts of patients with FSGS.'® Consequently,
lowering serum suPAR concentrations, through plasmapheresis,
resulted in less podocyte B3-integrin activation and stabilisation
of recurrent FSGS disease.'”” Moreover, elevated pretransplant
suPAR levels indicated an increased risk for recurrence of FSGS
after transplantation.® Hence, suPAR is an important circulating
factor in FSGS.
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IgA nephropathy

High suPAR levels were associated with decreased eGFR as well
as podocyte damage in patients with IgA nephropathy. There was
also a positive correlation between suPAR levels and IgA severity
reflected by the degree of effacement of podocytes, thus possibly
explaining the development of proteinuria in patients with IgA
nephropathy.”® Another study found that plasma suPAR levels
were significantly associated with increased crescent formation
in patients with IgA nephropathy. This suggests that suPAR can
be a potential indicator for FSGS lesions in patients with IgA
nephropathy."

Other glomerular diseases

Serum suPAR levels were associated with proteinuria in primary
non-FSGS glomerulonephritis and secondary autoimmune
related glomerulonephritis.?’ Thus serum suPAR may represent a
key biomarker in diseases of glomerulonephritis.”’ Interestingly,
in a large cohort of patients with lupus nephritis, it was shown
that suPAR levels were elevated in patients with systemic lupus
erythematosus (SLE) with renal involvement as compared with

Plasmin

v Urokinase

Fibrin

Fibrin
Degradation
GPI

Urokinase [
Receptor

suPAR

The plasmin-plasminogen system. In the control of fibrin degradation, plasminogen is converted to plasmin either through the tissue-type

plasminogen activator receptor or the urokinase receptor (A). SuPAR is released into the systemic circulation by the cleavage of the membrane-bound
Urokinase receptor (B). In glomerular disease, suPAR binds to B3 integrin, a receptor on the surface of podocyte feet. This disrupts the shape of the
podocyte, resulting in a faulty kidney filter, allowing the passage of large proteins (C). GPI, glycosyl-phosphatidylinositol protein; suPAR, soluble

urokinase plasminogen activator receptor.
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patients with SLE without renal involvement.”’ Significantly
elevated suPAR levels were also found in patients with active
lupus nephritis.?! Nonetheless, using suPAR as a biomarker in
patients with lupus nephritis merits additional confirmatory
data.

CARDIOVASCULAR SYSTEM

Coronary artery disease (CAD) is a very common disease world-
wide. It has established guidelines that focuses on screening
scores and imaging techniques, all aiming at early detection and
disease control. Although CAD has been associated with signifi-
cant morbidity and mortality, no ideal screening marker is avail-
able for targeted therapy and/or prevention.”

SuPAR has been hypothesised to play an important role in
the pathogenesis of CAD, since it plays a major role in inflam-
mation. Interestingly, it was found that low levels of suPAR
(3.1%=1.6 ng/mL) were associated with normal coronary artery
angiography as compared with patients with significant coro-
nary atherosclerosis who had suPAR levels of 3.5+1.9 ng/mL.
Additionally, the 1-year risk of death and myocardial infarction
(MI) were found to increase from 2.8% to 8.3% when patients
had a suPAR level of =3.5 ng/mL.** Likewise, elevated suPAR
levels were associated with higher risk of ischaemic stroke,
especially when combined with carotid plaques on ultrasound
examination.”” High suPAR levels were associated with worse
prognosis in patients presenting with chest pain suspected to
have non-ST-elevation acute coronary syndrome. These patients
were more likely to be readmitted with heart failure symptoms
as well as fatal or non-fatal ML.** In line with the association of
suPAR with the inflammatory state in atherosclerosis, its levels
correlated with the presence of peripheral arterial disease (PAD).
Patients with PAD were found to have higher suPAR levels when
compared with patients with only CAD. In addition, suPAR levels
were highest when patients were afflicted with both PAD and
CAD. Conforming to the prognostic value of suPAR, elevated
suPAR levels were also associated with higher mortality rates.”

SEPSIS AND INFECTIOUS DISEASES

Different scoring systems and biomarkers have been developed to
assist physicians in triaging patients with systemic inflammatory
response syndrome. Physicians mainly rely on their intuition and
experience, yet as important as they are, they are prone to fail
when standardised or attempted to be replicated. Hence, elabo-
rate predictive models have been established such as Sequential
Organ Failure Assessment Score (SOFA), Simplified Acute Physi-
ology Score (SAPS) II and Acute Physiology and Chronic Health
Evaluation II (APACHE II).* ?° These scoring systems rely on
physiological markers measured within 24-48 hours after admis-
sion. Such systems are important in assessing patient morbidity
and mortality. Since scoring systems are time-consuming and
impractical in the emergency department setting, suPAR was
compared with SAPS and SOFA. suPAR predicted the 30-day
and 180-day mortality especially when combined with age and
other predictive markers.?” Specifically, when suPAR levels were
> 9 ng/mL, the rate of mortality increased by 13-fold and 3-fold
in patients younger and older than 70 years of age, respectively.
In addition, patients with elevated suPAR levels on discharge
were more likely to be readmitted within the 30-90 days
follow-up period. Therefore, suPAR is of prognostic benefit,
especially when combined with other biomarkers. SUuPAR was
compared with C reactive protein (CRP) and was found to be
independently proportional to the risk of mortality, regardless
of the CRP value. This can be explained by the proposition

that suPAR reflects cellular inflammation whereas CRP reflects
metabolic inflammation. Similarly, suPAR was found to be of
significant prognostic value when compared with procalcitonin,
a commonly measured serum biomarker that helps in the early
recognition of bacteraemia.”® Nonetheless, the combination of
such markers is suggested to have higher significance in clinical
settings.”’

Although suPAR did not show significant diagnostic ability
in sepsis,”” results were promising when suPAR was studied
in different infections. SuPAR cleavage from the membrane-
bound form increases in inflammatory conditions and during
heightened immune system activation. This finding led to vast
research related to suPAR’s association with various systemic and
localised infections. For instance, HIV-1 infection amplifies the
expression of uPAR on monocytes and T-lymphocytes. Recently,
studies were done to investigate any link between HIV-1 and the
soluble form of uPAR. Interestingly, high suPAR levels in patients
with HIV infection were associated with a higher mortality rate.
Hence, suPAR might be of use in decision-making regarding
antiretroviral therapy initiation and possibly contributing with
the CD4 count and viral load to better monitor the progression
or amelioration of the disease.’! Similarly, elevated suPAR levels
were highly useful in the prognostication and in the surveillance
of various infections including malaria, community-acquired
pneumonia, pneumococcal bacteraemia, tuberculosis and bacte-
rial meningitis.”” 3233

GASTROENTEROLOGY

suPAR has also been investigated in hepato-pancreato-biliary
conditions. Acute pancreatitis (AP) is an inflammatory process
with a wide spectrum of disease severities. AP is one of the most
common gastrointestinal diseases requiring hospitalisation.
Severe pancreatitis can develop in 15%-20% of patients with
AP in association with serious complications including multiple
organ failure and death.’* Thus, early identification of pancre-
atitis and the ability to determine its severity are essential for
early medical intervention.

As in sepsis, multiple factors have been previously studied for
their value to predict the outcomes of AP These include CRP,
procalcitonin, interleukins and others. However, such markers
were non-specific and can lag behind the onset of inflammation.

SuPAR has been studied as a marker of AP severity. A suPAR
cut-off value of 4.75 ng/mL was confidently found to differen-
tiate between severe AP and mild/moderate AP with an equal
sensitivity and specificity of 93%.%

Due to the high burden of disease, several severity scoring
systems have been implemented, many of which are time
consuming in the acute setting and depend on several markers.
For this reason, suPAR has been compared with previously
known prognostic tools such as BISAP (Basic Index of Severity
in Acute Pancreatitis). suPAR showed better sensitivity and spec-
ificity compared with the BISAR* In addition, suPAR was supe-
rior to the BISAP in predicting mortality rates.*® This superiority
can be attributed to suPAR’s physiological characteristics. SuPAR
is a marker of inflammation and is also elevated in states of isch-
aemia and hypoxia, which are clinically associated with worse
prognosis.

Serum suPAR levels were also studied in acute liver failure
(ALF) and were shown to be elevated, irrespective of the cause
(toxin-induced, viral hepatitis or autoimmune). SuPAR levels
correlated with markers of liver injury (serum aspartate and
alanine aminotransferase activities) as well as with markers of
liver function depicted by an increase in international normalised
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ratio. In a subgroup analysis, a tendency for suPAR elevation in
patients with worse prognosis was found. However, such differ-
ences did not reach statistical significance. SuPAR as a single
biomarker correlated closely with the model of end stage liver
disease (MELD), an important prognostic score for ALF.*°
suPAR can also play a role beyond acute states of inflammation
such as seen in liver cirrhosis. Liver fibrosis is a scarring process
resulting from the liver’s reaction to a variety of injurious stimuli
that would eventually lead to a chronic inflammatory response.
Percutaneous liver biopsy remains the ‘gold standard’ to classify
the stages of liver fibrosis. Attempts were made to discover novel
reliable non-invasive biomarkers of liver fibrosis,.”” Interestingly,
high suPAR levels were correlated with fibrosis severity in two
groups of patients with chronic liver disease: non-alcoholic fatty
liver disease and chronic hepatitis C virus.>” Similar findings
were more recently replicated in chronic hepatitis B.*
Decompensated liver cirrhosis is the deterioration of liver func-
tion in a cirrhotic patient with a 1-year mortality rate reaching
509%.% Spontaneous bacterial peritonitis (SBP), bacteraemia and
pneumonia can occur in one-third of decompensated patients
and contribute to the high mortality through sepsis and multi-
organ failure. SuPAR’s predictive ability of short-term mortality
was assessed in patients with decompensated liver cirrhosis and
was found to be significantly elevated in decompensated patients
compared with compensated controls, correlating with MELD
and Child-Pugh scores. Patients who died at day 28 were found
to have higher suPAR level on presentation as compared with
survivors and to patients who underwent liver transplantation.
A serum suPAR concentration of 14.4 ng/mL can serve as cut-off
for 28 day mortality prediction with a sensitivity and specificity
of 71%, identical to that of MELD score and superior to CRR*
Elevated suPAR levels were also found to predict survival even
at 90 days of follow-up. Another pertinent finding was the ascitic
fluid suPAR levels which were indicative of SBP, independent of
blood suPAR levels, suggesting a role of suPAR in the detection of
local infections.*
Additionally, suPAR was also evaluated in inflammatory bowel
disease.*® Yet its value remains to be determined.

PULMONARY

Although asthma and chronic obstructive pulmonary disease
(COPD) are common worldwide healthcare diseases, there are
no reliable inflammatory biomarkers to evaluate disease severity
and to predict patients prone to recurrent exacerbations.*! COPD
is characterised by airway inflammation and tissue remodelling
resulting in decreased efficiency of the respiratory system to
achieve gas exchange. On the basis that sputum suPAR levels
were elevated in patients with COPD, serum suPAR’s ability to
correlate with the COPD severity was tested. It was found that
the plasmin-plasminogen system is implicated in local inflamma-
tion but the disease status was not reflected by the serum suPAR
in this study.*!

On the other hand, a study performed on patients with acute
COPD exacerbation, where serum suPAR levels were measured
on admission and after 7 days showed that suPAR levels
correlated with the acute exacerbation. SuPAR levels subse-
quently decreased with management after 7 days but were still
higher than healthy individuals. Interestingly, suPAR was a supe-
rior marker when compared with fibrinogen and CRP in acute
COPD exacerbation.*

Interestingly, when suPAR’s diagnostic ability was tested in
pregnant patients with asthma, it was found that the serum levels
were lower in pregnant patients with asthma as compared with

non-pregnant asthmatics. These findings were explained by the
immune tolerant state of pregnancy.*’

Finally, with respect to therapeutic targeting of uPAR in
pulmonary diseases, a study by Schuliga et al propounded uPA
inhibition in patients with idiopathic pulmonary fibrosis (IPF).
These patients suffer from a declining lung function that can
lead to death within 5 years of diagnosis. Interestingly, uPAR
was found to promote IL-6 production by fibroblasts, a key
player in IPF pathogenesis. uPA inhibition significantly inhibited
IL-6 production; nonetheless, these observations are yet to be
validated.**

DERMATOLOGY AND RHEUMATOLOGY

The serine protease activity of plasmin has been found to be
involved in inflammatory reactions, tissue remodelling and
degradation of matrix proteins in several immune-mediated
dermatological and rheumatological diseases.* Such conditions
are characterised by multifactorial pathways leading to systemic
inflammation with end-organ damage. In addition, patients are
often at a higher baseline inflammatory states, putting them at
risk of developing inflammation-associated comorbidities such
as cardiovascular diseases and diabetes. Hence, inflammation
control is vital to prevent these complications.*® Currently, there
is an ongoing search for an ideal biomarker that could reflect the
inflammatory states of such conditions.

Psoriasis is a common immune-mediated dermatological
condition that affects about 3% of the population in the USA
and carries a significant burden on affected patients. SuPAR was
highly expressed in the dermis of patients with psoriasis, yet its
serum levels failed to correlate with disease severity. Nonethe-
less, suPAR’s value needs to be better studied in patients with
various stages of psoriasis to confirm these findings.* SLE is
another dermatological autoinflammatory disease, character-
ised by systemic inflammation that involves nearly all the vital
organs. Although erythrocyte sedimentation rate (ESR) is nowa-
days used as an SLE-monitoring biomarker, it is a non-specific
marker elevated in a number of different conditions.*’I In order
to determine whether suPAR could be used as a biomarker in
SLE, 89 patients with SLE were categorised according to their
Systemic Lupus Erythematosus Activity Index (SLEDAI) of 0, 1-8
and more than 8 into mild, moderate and severe, respectively.*’
It was found that levels of SuPAR, in contrary to CRP and ESR,
were different between different SLEDAI scores. SuPAR levels
were higher in patients with higher disease activity, hence, this
might imply its future use in disease monitoring.*” Furthermore,
it has been found that suPAR can be used as follow-up marker
for irreversible organ damage in patients with SLE, such as the
renal, neuropsychiatric and ocular systems.*

Similar studies were done on patients with rheumatoid
arthritis (RA), systemic sclerosis (Ssc) and ankylosing spondy-
litis. suPAR was found to correlate well with the clinical symp-
toms given by patients even when a unified RA scoring system,
DAS28, reflected disease remission. suPAR levels also positively
correlated with complications resulting from the fibrotic activity
in Ssc. This was mirrored by decreased diffusing lung capacity
for carbon monoxide and forced vital capacity, the presence of
pulmonary artery hypertension and microvascular changes in 83
patients with Ssc.*’

HAEMATOLOGY AND ONCOLOGY

SuPAR levels were also investigated in various liquid and solid
tumours, due to its role in cell migration and angiogenesis.
A study analysed the suPAR levels of 30 patients with acute
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e Correlated with an acute COPD
exacerbation (42)
e Correlated with asthma severity (67)

e Correlated with carotid
atherosclerosis (22)
e Predicted post-MI mortality (23)

e Predicted acute pancreatitis
severity (35)

e Correlated with liver cell injury (36)

e Predicted fibrosis severity in
patients with chronic liver disease,
NAFLD, chronic HCV, chronic HBV
(37,38)

e Predicted new onset kidney
disease (10)

e Predicted greater decline in eGFR
during subsequent visits (10)

e Predicted higher incidence of CKD
(68)

e Predicted more hospitalization due
to impaired kidney function (65)

e Correlated with the stage of
diabetic nephropathy (12)

e Predicted previous & future use of
antidepressants (64)

e Elevated CSF suPAR predicted
poorer outcomes in patients with
bacterial meningitis (33)

e Predicted migraine attacks in
patients with migraine (62)

e Did not predict psoriasis severity
(65)

e Correlated with RA severity (47)

e Correlated with SLE complications
(47)

e Correlated with Ssc severity (47)

e Did not predict AS severity (66)

e Predicted the 30- and 180-day
mortality in sepsis patients (27)
. e Correlated with rehospitalization of
septic patients (29)
A o Predicted higher mortality rate of
HIV patients (31)
’ e Useful in surveillance of malaria,
\‘ community acquired pneumonia,

pneumococcal bacteremia and
tuberculosis (27,32)

e Predicted increased risk for
recurrence of FSGS after
transplantation (16)

e Correlated with IgA severity

e Correlated with the development of
type Il diabetes (55)

e Useful in the early recognition of
bacteremia in children (30)

e Correlated with prognosis of septic
children (30)

(podocyte effacement) (19)
e Correlated with active lupus
nephritis (21)

e Prognostic in AML, MM, ovarian,
breast, stomach, prostate, endometrial,
colon cancers, NSCL, HCC (49-52)

e Predicted the incidence of VTE (70)
e Predictive of peripheral arterial
disease outcome (25)

Figure 2 Disease-association of SUPAR levels 101216212327 29-33 35-38 42 47 43-33 55 59-66 A\ acute myeloid leukaemia; AS, ankylosing spondylitis; CKD,
chronic kidney disease; COPD, chronic obstructive pulmonary disorder, CSF, cerebrospinal fluid; eGFR, estimated glomerular filtration rate; FSGS, focal
segmental glomerulosclerosis; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; IgA, immunoglobulin A; MM, multiple
myeloma; NAFLD, non-alcoholic fatty liver disease; NSCL, non-small cell lung cancer; post-MI, postmyocardial infarction; RA, rheumatoid arthritis; SLE,
systemic lupus erythematosus; Ssc, systemic sclerosis; SUPAR, soluble urokinase plasminogen activator receptor; VTE, venous thromboembolism.

myeloid leukaemia (AML) and found that the mortality risk
approximately doubled once the suPAR level was higher than
6.71 ng/mL. It was also noticed that patients with low suPAR
were more likely to have complete remission as compared with
patients with higher levels.* Similar prognostic uses have been
emphasised in multiple myeloma,’® lymphomas,® ovarian,
breast, stomach, prostate, endometrial, colon, non-small cell
lung and hepatocellular cancers.*’ >

In addition, high suPAR levels were associated with inad-
equate response of patients with leukaemia following more
chemotherapy cycles, highlighting the importance of suPAR in
leukaemia characterisation and prediction of chemosensitivity.”?
Finally, a 7-year prospective cohort followed patients with
pre-existing liver disorders and determined that suPAR is supe-
rior to alpha-fetoprotein (AFP) in monitoring the frequency and
time to develop hepatocellular carcinoma (HCC).**

DIABETES

Diabetes mellitus type 2 (DM2) is another worldwide prevalent
disease contributing to high morbidity and mortality rates and
helpful biomarkers can aid in the early detection of patients
at risk. A 13.8-year follow-up Danish study on 2353 individ-
uals, showed that individuals with higher suPAR levels were at
a greater risk of developing DM type 2.%° Overall, by following
up on seemingly healthy individuals for a significantly long dura-
tion, this study has shown that suPAR can be used to predict

patients who are at risk of developing DM2, well ahead of devel-
oping insulin resistance. Furthermore, it has been suggested that
suPAR may play a role in the early immune and inflammatory
reactions that eventually lead to beta cell defects, insulin resis-
tance and DM2.%

One of the prominent examples of diabetic end-organ damage
is DN. DN is a major health problem and a common cause of
end stage renal disease. In common practice, urinary microal-
buminuria is used to screen for impending DN. Interestingly,
suPAR correlated with the development of microalbuminuria in
patients at a higher risk for type 2 diabetes, even after adjustment
of baseline eGFR.*® Moreover, serum suPAR levels increased
with the severity of DN."?

SuPAR plays a major role in podocyte function and its
production appears to be inhibited by the blockade of the renin
angiotensin system (RAS).”” % The RAS is usually targeted in
the prevention or delay of DN. After the administration of a
RAS inhibitor, irbesartan 300 mg daily, urine suPAR levels
were reduced significantly, although the serum levels were not
affected.’” Thus, altogether, suPAR can represent a biomarker
for disease screening, progression or improvement.’’

CONCLUSION

SuPAR is emerging as a novel major player in inflammation as we
have reviewed some of its physiological and pathophysiological
contributions to the inflammatory processes (figure 2, tables 1
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Main messages

» Biomarkers are important for screening, establishing
diagnosis and prognosis.

» Soluble urokinase plasminogen activator receptor (SuPAR)
seems to be a promising biomarker in different disease
entities.

» SuPAR seems to be more reliable than ESR and C reactive
protein in inflammatory conditions.

Current research questions

» Should suPAR be used to screen for malignancies?

» Should suPAR be used to assess the clinical condition
of patients with sepsis presenting to the emergency
department?

» Should suPAR be used to screen for an insulin-resistant state?

» Should suPAR be used to monitor the response of various
inflammatory conditions to treatment?

Key references
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heart attack, or diabetes? A single molecule can tell: http:/
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Self assessment questions

1. ESR, CRP and suPAR values are all affected by food intake.

2. SuPAR can be used to predict postmyocardial infarction
mortality.

3. SuPAR is currently being used to triage patients in the
emergency departments of some centres.

4. SuPAR can predict the course of kidney transplant in patients
affected with focal segmental glomerulosclerosis.

5. SUPAR can predict the future development of Diabetes type Il
in previously healthy patients.

and 2).10 12 16 21-23 27 29-33 35-38 42 47 49-53 55 59-70 Recent data in

multiple inflammatory based diseases have shown that suPAR,
in the correct settings, may serve as both a diagnostic and prog-
nostic marker. Thus, suPAR holds significant potential to be used
as a biomarker in different fields of medicine.

Interestingly, SuPAR, when compared with ESR and CRP,
showed a better circadian stability; suPAR remained stable when
measured in short increments of time. Furthermore, suPAR was

neither affected by food intake nor by fasting state of patients.®
All in all, suPAR has shown its superiority over CRP and ESR
in multiple conditions. Nonetheless, when combined with these
makers, more insight can be provided for the diagnosis as well as
the prognosis of different diseases.®

Contributors LH and MK planned the study. LH, GD, TN and AEC contributed

to the writing of the manuscript. IWU, AGK, AE, MK and GN were responsible for
reviewing the manuscript. LH and TN created the figures and tables. LH submitted
the manuscript.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.
Patient consent Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES

1 Strimbu K, Tavel JA. What are biomarkers? Curr Opin HIV AIDS 2010;5:463-6.

2 Mayeux R. Biomarkers: potential uses and limitations. NeuroRx 2004;1:182-8.

3 Castellino FJ, Ploplis VA. Structure and function of the plasminogen/plasmin system.
Thromb Haemost 2005;93:647-54.

4 Thung M, Macho B, Eugen-Olsen J. suPAR: the molecular crystal ball. Dis Markers
2009;27:157-72.

5 Llinas P, Le Du MH, Gardsvoll H, et al. Crystal structure of the human urokinase
plasminogen activator receptor bound to an antagonist peptide. Embo J
2005;24:1655-63.

6 Eugen-Olsen J, Giamarellos-Bourboulis EJ. suPAR: The unspecific marker for disease
presence, severity and prognosis. Int / Antimicrob Agents 2015;46 Suppl 1:533-534.

7 Zeier M, Reiser J. suPAR and chronic kidney disease-a podocyte story. Pflugers Arch
2017,469(7-8):1017-20.

8 Wei C, ElHindi S, LiJ, et al. Circulating urokinase receptor as a cause of focal
segmental glomerulosclerosis. Nat Med 2011;17:952-60.

9 KrizW, Lemley KV. A potential role for mechanical forces in the detachment of
podocytes and the progression of CKD. /Am Soc Nephrol 2015;26:258-69.

10 Hayek SS, Sever S, Ko YA. Soluble urokinase receptor and chronic kidney. N Engl J
Med 2015;373:1916-25.

11 Segarra A, Jatem E, Quiles MT, et a/. [Diagnostic value of soluble urokinase-type
plasminogen activator receptor serum levels in adults with idiopathic nephrotic
syndrome]. Nefrologia 2014;34:46-52.

12 Wu CZ, Chang LG, Lin YF, et al. Urokinase plasminogen activator receptor and its
soluble form in common biopsy-proven kidney diseases and in staging of diabetic
nephropathy. Clin Biochem 2015;48:1324-9.

13 D'Agati VD. Podocyte injury in focal segmental glomerulosclerosis: Lessons from
animal models (a play in five acts). Kidney Int 2008;73:399-406.

14 Fliser D, Kollerits B, Neyer U, et al. Fibroblast growth factor 23 (FGF23) predicts
progression of chronic kidney disease: the Mild to Moderate Kidney Disease (MMKD)
Study. JAm Soc Nephrol 2007;18:2600-8.

15 Wada T, Nangaku M. A circulating permeability factor in focal segmental
glomerulosclerosis: the hunt continues. Clin Kidney J 2015;8:708-15.

16 Wei C, Trachtman H, Li J, et a/. Circulating SuPAR in two cohorts of primary FSGS. JAm
Soc Nephrol 2012;23:2051-9.

17 Staeck O, Slowinski T, Lieker . Recurrent primary focal segmental glomerulosclerosis
managed with intensified plasma exchange and concomitant monitoring of soluble
urokinase-type plasminogen activator receptor-mediated B3-integrin. Transplantation
2015;99:2593-7.

18 ZhaoY, Liu L, Huang J. Plasma soluble urokinase receptor level is correlated with
podocytes damage in patients with iga. PLoS One 2015;10:e0132869.

19 Guo SM, Han M, Chen MX. Soluble urokinase receptor levels are correlated with focal
segmental glomerulosclerosis lesions in iga nephropathy: a cohort study from china.
PLoS One 2015;10:0138718.

20 Musetti C, Quaglia M, Cena T, et al. Circulating SuPAR levels are affected by
glomerular filtration rate and proteinuria in primary and secondary glomerulonephritis.
J Nephrol 2015;28:299-305.

21 Qin DD, Song D, Huang J, et al. Plasma-soluble urokinase-type plasminogen activator
receptor levels are associated with clinical and pathological activities in lupus
nephritis: a large cohort study from China. Lupus 2015;24:546-57.

22 Eapen DJ, Manocha P, Ghasemzadeh N, et a/. Soluble urokinase plasminogen
activator receptor level is an independent predictor of the presence and severity
of coronary artery disease and of future adverse events. / Am Heart Assoc
2014;3:¢001118.

23 Persson M, Ostling G, Smith G, et al. Soluble urokinase plasminogen activator
receptor: a risk factor for carotid plaque, stroke, and coronary artery disease. Stroke
2014,45:18-23.

Hamie L, et al. Postgrad Med J 2018;94:517-524. doi:10.1136/postgradmed;j-2018-135839 523


http://www.sciencemag.org/news/2018/04/whats-your-risk-kidney-disease-heart-attack-or-diabetes-single-molecule-can-tell
http://www.sciencemag.org/news/2018/04/whats-your-risk-kidney-disease-heart-attack-or-diabetes-single-molecule-can-tell
http://www.sciencemag.org/news/2018/04/whats-your-risk-kidney-disease-heart-attack-or-diabetes-single-molecule-can-tell
http://dx.doi.org/10.1097/COH.0b013e32833ed177
http://dx.doi.org/10.1602/neurorx.1.2.182
http://dx.doi.org/10.1160/TH04-12-0842
http://dx.doi.org/10.1155/2009/504294
http://dx.doi.org/10.1038/sj.emboj.7600635
http://dx.doi.org/10.1016/j.ijantimicag.2015.10.011
http://dx.doi.org/10.1007/s00424-017-2026-7
http://dx.doi.org/10.1038/nm.2411
http://dx.doi.org/10.1681/ASN.2014030278
http://dx.doi.org/10.1056/NEJMoa1506362
http://dx.doi.org/10.1056/NEJMoa1506362
http://dx.doi.org/10.3265/Nefrologia.pre2013.Oct.12256
http://dx.doi.org/10.1016/j.clinbiochem.2015.07.001
http://dx.doi.org/10.1038/sj.ki.5002655
http://dx.doi.org/10.1681/ASN.2006080936
http://dx.doi.org/10.1093/ckj/sfv090
http://dx.doi.org/10.1681/ASN.2012030302
http://dx.doi.org/10.1681/ASN.2012030302
http://dx.doi.org/10.1097/TP.0000000000000914
http://dx.doi.org/10.1371/journal.pone.0132869
http://dx.doi.org/10.1371/journal.pone.0138718
http://dx.doi.org/10.1007/s40620-014-0137-1
http://dx.doi.org/10.1177/0961203314558857
http://dx.doi.org/10.1161/JAHA.114.001118
http://dx.doi.org/10.1161/STROKEAHA.113.003305

24 Lyngbaek S, Andersson C, Marott JL, et al. Soluble urokinase plasminogen activator 49 Erkut N, Mentese A, Ozbag HM. The prognostic significance of soluble urokinase
receptor for risk prediction in patients admitted with acute chest pain. Clin Chem plasminogen activator receptor in acute myeloid. Turk J Haematol 2016;33:135-40.
2013;59:1621-9. 50 Shen J, Wang Q, Wang J, et al. Analysis of soluble urokinase plasminogen

25 Samman Tahhan A, Hayek SS, Sandesara P, et a/. Circulating soluble urokinase activator receptor in multiple myeloma for predicting prognosis. Oncol Lett
plasminogen activator receptor levels and peripheral arterial disease outcomes. 2015;10:2403-9.

Atherosclerosis 2017;264:108—14. 51 Rubio-Jurado B, Tello-Gonzalez A, Bustamante-Chavez L. Circulating levels of

26 Le Gall JR, Lemeshow S, Saulnier F. A new simplified acute physiology (SAPS II) based urokinase-type plasminogen activator receptor and d-dimer in patients with
on a European/North American multicenter study. JAMA 1993;270:2957-63. hematological. Clin Lymphoma Myeloma Leuk 2015;15:621-6.

27 Kofoed K, Eugen-Olsen J, Petersen J, et al. Predicting mortality in patients with 52 Wach S, Al-Janabi O, Weigelt K, et al. The combined serum levels of miR-375 and
systemic inflammatory response syndrome: an evaluation of two prognostic models, urokinase plasminogen activator receptor are suggested as diagnostic and prognostic
two soluble receptors, and a macrophage migration inhibitory factor. £ur J Clin biomarkers in prostate cancer. Int J Cancer 2015;137:1406-16.

Microbiol Infect Dis 2008;27:375-83. 53 Guo H, Zhou LX, Ma H, et al. Soluble urokinase-type plasminogen activator receptor

28 Zeng M, Chang M, Zheng H, et al. Clinical value of soluble urokinase-type and urokinase-type plasminogen activator receptor contribute to chemoresistance in
plasminogen activator receptor in the diagnosis, prognosis, and therapeutic guidance leukemia. Oncol Lett 2017:14:383-9.
of sepsis. Am J Emerg Med 2016;34:375-80. 54 Chounta A, Ellinas C, Tzanetakou V, et al. Serum soluble urokinase plasminogen

29 Rasmussen L, Ladelund S, Haupt TH, et a/. Soluble urokinase plasminogen activator receptor as a screening test for the early diagnosis of hepatocellular
activator receptor (suPAR) in acute care: a strong marker of disease presence and carcinoma. Liver Int 2015;35:601—7.
severity, readmission and mortality. A retrospective cohort study. £merg Med J 55 Haugaard SB, Andersen O, Hansen TW, et a/. The immune marker soluble urokinase
2.0.165?33769‘75- ) ) . plasminogen activator receptor is associated with new-onset diabetes in non-smoking

30 §|r|nog|u M, Soygal A, Karaaslan A, et al. The diagnostic vaIue_ of solub_le urokinase women and men. Diabet Med 2012;29:479-87.
plasminogen activator receptor (suPAR) compared to C-reactive protein (CRP) and 56 Guthoff M, Wagner R, Randrianarisoa E, et /. Soluble urokinase receptor (suPAR)
procalcitonin (PCT) in children with systemic inflammatory response syndrome (SIRS). predicts microalbuminuria in patients at risk for type 2 diabetes mellitus. Sci Rep
J Infect Chemother 2017:23:17-22. 2017:7:40627.

31 Sidenius N, Sier CF, Ullum H, et al. Serum level of soluble urokinase-type plasminogen 57 Persson F Theilade S, Eugen-Olsen J, et al. Renin angiotensin system blockade reduces
facnvator re‘ce‘ptor I5a st‘rong gnd independent predictor of survival in human urinary levels of soluble urokinase plasminogen activator receptor (SUPAR) in patients

3 gn:jnul?(;dvevﬂuencyA\JnréJs |Ef§'\cﬂt|or;. 5/‘;0‘; 20(10;96:409},_3'_ d mortality prediction: with type 2 diabetes. J Diabetes Complications 2016;30:1440-2.
el e 1 1 s o g ol BT Do M Sl ke s s ey o
2017:2167-72. in dlgbetes mellltusSqubIe Urloklna§e Receptor and the Kidney Response in Diabetes

33 LuP Zheng DG, Fang C, et al. Cytokines in cerebrospinal fluid of neurosyphilis 59 II\</IeIIl|tu?<. églibelt.e'; RTes 201/113(.).1 7k. 1F_9. Il lubl ki lasmi
patients: Identification of Urokinase plasminogen activator using antibody ur.‘upe , RESTTR, Tungez AKyUre ,e.tal. dsma-soluble urokinase plasminogen

i . o activator receptor (SuPAR) levels in psoriasis patients and correlation with disease
microarrays. J Neuroimmunol 2016;293:39-44. severity. Acta Dermatovenerol Alp Pannonica Adriat 2015;24:73-5

34 Fagenholz PJ, Castillo CF, Harris NS, et al. Increasing United States hospital admissions v . . o
for acute pancreatitis, 1988-2003. Ann Epidemiol 2007;17:491.e1-491.e8. 60 Saylam Kurtipek .G’ Kesli R, Tuncez Akyurek F’e.t al. Plasr?aﬁoluble urokinase . .

35 Lipinski M, Rydzewska-Rosolowska A, Rydzewski A, et al. Soluble urokinase-type p!asmmoge‘nlactlvator receptor' (suPAR) levels in Behget's disease and correlation with
plasminogen activator receptor (suPAR) in patients with acute pancreatitis (AP) - dlsegse activity. Int J ’fhe”’” Dis 2018;21:866-70. ) ) '

Progress in prediction of AP severity. Pancreatology 2017;17:24-9. 61 Toldi G, Szalay B, Beké G etal. Plfasma squbI.e'urolslnase plasmlnogen activator

36 Koch A, Zimmermann HW, Gassler N, et al. Clinical relevance and cellular source of receptpr (sUPAR) levels in ankylosing spond.ylltls. JomtBope Spine 20,13;80:96_8'
elevated soluble urokinase plasminogen activator receptor (SuPAR) in acute liver 62 PorteII.l MA, Mosgley ¢ StewarthE, etal. Allrway and penplheral'qroklnase
failure. Liver Int 2014:34:1330-9. plasminogen activator receptor is elevated in asthma, and identifies a severe,

37 Sjéwall C, Martinsson K, Cardell K, et al. Soluble urokinase plasminogen activator nonatopic subset of patlen_ts. Alergy 2017;72:473__82' . .
receptor levels are associated with severity of fibrosis in nonalcoholic fatty liver 63 Schulz CA, Perssor} M, C.hnstenssonl A. ,SOlUble uroklnlase-type plasmlrlllog'en activator
disease. Trans! Res 2015;165:658-66. (suPAR) and Impaired Kidney Function in the Population-based Malmé Diet and

38 Sevgi DY, Bayraktar B, Giinduiz A, et al. Serum soluble urokinase-type plasminogen Cancer Study. Kidney Int Rep 2017,2:239-47. ) ) )
activator receptor and interferon-y-induced protein 10 levels correlate with significant 64 Haastrup £, Grau K, Eugen-Olsen J, et a/. Soluble urokinase plasminogen activator
fibrosis in chronic hepatitis B. Wien Klin Wochenschr 2016;128(1-2):28-33. receptor as a marker for use of antidepressants. PLoS One 2014;9:e110555.

39 Zimmermann HW, Reuken PA, Koch A, et al. Soluble urokinase plasminogen activator 65 Yllmgz N, Yllmazll\/l, Sirin B,Aet al. The relationship between levels of pllasnja—soluble
receptor is compartmentally requlated in decompensated cirrhosis and indicates urokinase plasm'”oge” activator receptor (suPAR) and presence of migraine attack
immune activation and short-term mortality. J Intern Med 2013;274:86-100. and aura. J Recept Signal Transduct Res 2017;37:447-52.

40  Lonnkvist MH, Theodorsson E, Holst M, et al. Blood chemistry markers for evaluation 66 Engstrom G, Zoller B, Svensson PJ, et a/. Soluble urokinase plasminogen activator receptor
of inflammatory activity in Crohn’s disease during infliximab therapy. Scand J and incidence of venous thromboembolism. Thromb Haemost 2016;115:657—62.
Gastroenterol 2011:46:420~7. 67 Hoenigl M, Raggam RB, Wagner J, et al. Diagnostic accuracy of soluble urokinase

41 Wang H, Yang T, Li D, et al. Elevated circulating PAI-1 levels are related to lung plasminogen activator receptor (suPAR) for prediction of bacteremia in patients with
function decline, systemic inflammation, and small airway obstruction in chronic systemic inflammatory response syndrome. Clin Biochem 2013;46:225-9.
obstructive pulmonary disease. int J Chron Obstruct Pulmon Dis 2016;11:2369-76. 68 Schernthaner C, Lichtenauer M, Wernly B, et al. Multibiomarker analysis in patients

42 Gumus A, Altintas N, Cinarka H, et al. Soluble urokinase-type plasminogen activator with acute myocardial infarction. £ur J Clin Invest 2017,47:638-48.
receptor is a novel biomarker predicting acute exacerbation in COPD. Int J Chron 69 Eugen-Olsen J, Ladelund S, Serensen LT. Plasma suPAR is lowered by smoking
Obstruct Pulmon Dis 2015;10:357—65. cessation: a randomized controlled study. Eur J Clin Invest 2016;46:305—11.

43 Ivancsd |, Toldi G, Bohécs A, et al. Relationship of circulating soluble urokinase 70 Tsuchiya N, Sawada Y, Endo |, et a/. Biomarkers for the early diagnosis of
plasminogen activator receptor (suPAR) levels to disease control in asthma and hepatocellular carcinoma. World J Gastroenterol 2015;21:10573-83.
asthmatic pregnancy. PLoS One 2013;8:e60697.

44 Schuliga M, Jaffar J, Harris T, et al. The fibrogenic actions of lung fibroblast-derived
urokinase: a potential drug target in IPF. Sci Rep 2017;7:41770. _

45 Rubina KA, Sysoeva VY, Zagorujko El, et al. Increased expression of uPA, uPAR,
and PAI-1 in psoriatic skin and in basal cell carcinomas. Arch Dermatol Res
2017:309:433-42. 1. False

46 Caldarola G, Milardi D, Grande G. Untreated psoriasis impairs male: A case-control. 2.True
Dermatology 2017;233(2-3):170-4. 3. True

47 Vasarhelyi B, Toldi G, Balog A. The clinical value of soluble urokinase plasminogen 4. True
activator receptor (suPAR) levels in autoimmune connective tissue disorders. E/IFCC .
2016,27:122-9. 5. True

48 Enocsson H, Wetterd J, Skogh T, et al. Soluble urokinase plasminogen activator receptor levels
reflect organ damage in systemic lupus erythematosus. Trans/ Res 2013;162:287-96.

524 Hamie L, et al. Postgrad Med J 2018;94:517-524. doi:10.1136/postgradmedj-2018-135839

20z AINP 21 uo Jesn jnuieg Jo Aisieaun uesuswy Aq G1LZ6G69/215/S 1 | L/y6/s10ne/fud/woo dno-oispeoe)/:sdiy woij papeojumoq


http://dx.doi.org/10.1373/clinchem.2013.203778
http://dx.doi.org/10.1016/j.atherosclerosis.2017.06.019
http://dx.doi.org/10.1001/jama.1993.03510240069035
http://dx.doi.org/10.1007/s10096-007-0447-5
http://dx.doi.org/10.1007/s10096-007-0447-5
http://dx.doi.org/10.1016/j.ajem.2015.11.004
http://dx.doi.org/10.1136/emermed-2015-205444
http://dx.doi.org/10.1016/j.jiac.2016.08.015
http://www.ncbi.nlm.nih.gov/pubmed/11110678
http://dx.doi.org/10.5588/ijtld.16.0404
http://dx.doi.org/10.1016/j.jneuroim.2015.12.010
http://dx.doi.org/10.1016/j.annepidem.2007.02.002
http://dx.doi.org/10.1016/j.pan.2016.11.005
http://dx.doi.org/10.1111/liv.12512
http://dx.doi.org/10.1016/j.trsl.2014.09.007
http://dx.doi.org/10.1007/s00508-015-0886-4
http://dx.doi.org/10.1111/joim.12054
http://dx.doi.org/10.3109/00365521.2010.539253
http://dx.doi.org/10.3109/00365521.2010.539253
http://dx.doi.org/10.2147/COPD.S107409
http://dx.doi.org/10.2147/COPD.S77654
http://dx.doi.org/10.2147/COPD.S77654
http://dx.doi.org/10.1371/journal.pone.0060697
http://dx.doi.org/10.1038/srep41770
http://dx.doi.org/10.1007/s00403-017-1738-z
http://dx.doi.org/10.1159/000471849
http://www.ncbi.nlm.nih.gov/pubmed/27683525
http://dx.doi.org/10.1016/j.trsl.2013.07.003
http://dx.doi.org/10.4274/tjh.2014.0405
http://dx.doi.org/10.3892/ol.2015.3613
http://dx.doi.org/10.1016/j.clml.2015.07.632
http://dx.doi.org/10.1002/ijc.29505
http://dx.doi.org/10.3892/ol.2017.6150
http://dx.doi.org/10.1111/liv.12705
http://dx.doi.org/10.1111/j.1464-5491.2011.03513.x
http://dx.doi.org/10.1038/srep40627
http://dx.doi.org/10.1016/j.jdiacomp.2016.07.003
http://dx.doi.org/10.1155/2017/3232848
http://www.ncbi.nlm.nih.gov/pubmed/26697731
http://dx.doi.org/10.1111/1756-185X.12873
http://dx.doi.org/10.1016/j.jbspin.2012.06.023
http://dx.doi.org/10.1111/all.13046
http://dx.doi.org/10.1016/j.ekir.2016.11.004
http://dx.doi.org/10.1371/journal.pone.0110555
http://dx.doi.org/10.1080/10799893.2017.1328440
http://dx.doi.org/10.1160/TH15-06-0511
http://dx.doi.org/10.1016/j.clinbiochem.2012.11.004
http://dx.doi.org/10.1111/eci.12785
http://dx.doi.org/10.1111/eci.12593
http://dx.doi.org/10.3748/wjg.v21.i37.10573

	SuPAR, an emerging biomarker in kidney and inflammatory diseases
	Abstract
	Introduction
	Plasmin-Plasminogen system
	Nephrology
	Focal segmental glomerulosclerosis (FSGS)
	IgA nephropathy
	Other glomerular diseases

	Cardiovascular system
	Sepsis and infectious diseases
	Gastroenterology
	Pulmonary
	Dermatology and rheumatology
	Haematology and oncology
	Diabetes
	Conclusion
	References


