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Abstract
Background: Inflammation is a common feature of many 
kidney diseases. The implicated inflammatory mediators 
and their underlying molecular mechanisms however are of-
ten not clear. Summary: suPAR is the soluble form of uroki-
nase-type plasminogen activator receptor (uPAR), associat-
ed with inflammation and immune activation. It has evolved 
into a unique circulating kidney disease factor over the last 
10 years. In particular, suPAR has multiple looks due to enzy-
matic cleavage and alternative transcriptional splicing of the 
uPAR gene. Most recently, suPAR has emerged as a systemic 
mediator for COVID-19 infection, associated with lung as 
well as kidney dysfunction. Like membrane-bound uPAR, su-
PAR could interact with integrins (e.g., αvβ3 integrin) on 
podocytes, providing the molecular basis for some glomeru-
lar kidney diseases. In addition, there have been numerous 
studies suggesting that suPAR connects acute kidney injury 
to chronic kidney disease as a special kidney risk factor. 
Moreover, the implication of circulating suPAR levels in kid-
ney transplantation and plasmapheresis not only indicates 
its relevance in monitoring for recurrence but also implies 
suPAR as a possible therapeutic target. In fact, the therapeu-
tic concept of manipulating suPAR function has been evi-
denced in several kidney disease experimental models. Key 

Messages: The last 10 years of research has established su-
PAR as a unique inflammatory mediator for kidneys. While 
open questions remain and deserve additional studies, mod-
ulating suPAR function may represent a promising novel 
therapeutic strategy for kidney disease.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Over the last decade, the concept of kidney inflamma-
tion by circulating mediators has centered on soluble uro-
kinase-type plasminogen activator receptor (suPAR), an 
innate immune effector molecule. Manipulating suPAR 
function has therapeutic implications in kidney disease. 
While suPAR’s role as a circulating kidney disease factor 
is established, there are still some open questions that 
warrant further studies. In this review, we will discuss 
these intriguing topics including the origin, biology, and 
function of suPAR; its role in initiating or aggravating 
kidney disease under various pathological conditions 
such as the current severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) pandemic; and lastly, the 
diagnostic and therapeutic modalities centered around 
suPAR. The current review is intended to provide some 
insights guiding present and future work on this fascinat-
ing molecule.

This is an Open Access article licensed under the Creative Commons 
Attribution-NonCommercial-4.0 International License (CC BY-NC) 
(http://www.karger.com/Services/OpenAccessLicense), applicable to 
the online version of the article only. Usage and distribution for com-
mercial purposes requires written permission.
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uPAR/suPAR Biology and Function

Urokinase-type plasminogen activator receptor 
(uPAR), also known as CD87, is a heavily glycosylated 
membrane-bound receptor, devoid of any transmem-
brane and intracellular domains, lipid-anchored on the 
surface of multiple cell types such as immune cells and 
vascular endothelial cells [1]. uPAR harbors three con-
secutive LY6/uPAR (LU) repeats, namely DI, DII, and 
DIII (as numbered from the N-terminus), with a linker 
sequence between DI and DII in particular [2]. The recep-
tor is fettered to the lipid bilayer of the cell membrane by 
a C-terminal glycosyl-phosphatidylinositol (GPI) an-
chor. While the N-terminal DI domain allows the binding 
of uPAR to its cognate ligand, urokinase-type plasmino-
gen activator (uPA), the three-domain intact uPAR is re-
quired for high-affinity binding [3]. Interestingly, the 
full-length uPAR not only can bind to uPA but also to 
other moieties like vitronectin. The receptor-bound uPA 
catalyzes the conversion of plasminogen precursor into 
activated plasmin, a protease that mediates degradation 
of extracellular matrix, facilitating cell adhesion, migra-
tion, invasion, and tissue remodeling [4].

uPAR is released as a soluble multidomain signaling 
molecule, so called suPAR [5, 6] upon cleavage of the GPI 
anchor by a GPI-specific phospholipase C [7], or cathep-
sin G [8]. Further, the linker region between the DI and 
DII domain in both suPAR and membrane-bound uPAR 

is highly susceptible to proteolytic cleavage by enzymes 
like plasmin, chymotrypsin, elastase, several matrix me-
talloproteases, or uPA [5]. Thus, different suPAR frag-
ments generated by enzymatic cleavage (suPAR DI-DII-
DIII, suPAR DII-D3, suPAR DI) are detected in circula-
tion or other bodily fluids [9–11]. These properties make 
uPAR/suPAR a multifaceted molecule. Although the DII-
DIII fragment is incompetent to bind uPA, vitronectin, 
and most other ligands except formyl peptide receptor-
like 1 and 2 (FPRL 1 and 2) [12], it still confers biological 
activity owing to its chemotactic properties [13, 14]. We 
have initially defined a role of podocyte uPAR in mediat-
ing kidney filtration barrier function [15], followed by 
many studies delineating the implication of suPAR as a 
circulating factor in kidney disease [16]. While circulat-
ing suPAR acts systemically on the kidney via a multitude 
of receptors, kidney cell-expressed uPAR likely partici-
pates in autologous cell signaling (Fig. 1).

uPAR Exists in Multiple Isoforms

uPAR, encoded canonically by seven exons, undergoes 
alternative splicing to generate isoforms with distinct 
characteristics and localization. Unlike the mouse uPAR 
(muPAR) that has two isoforms [17], the human uPAR 
(huPAR) exists in at least four major isoforms [18]. Iden-
tification of a full-length canonical form (muPAR1) of the 
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Fig. 1. suPAR and the kidney – an evolving 
story. Membrane-bound uPAR (e.g., podo-
cyte uPAR) could mediate cell signaling in 
an “autocrine” or “paracrine” manner. 
uPAR has multiple isoforms due to alterna-
tive transcription. Cleavage of the GPI an-
chor from the cell membrane or direct se-
cretion from cells generates suPAR that 
circulates in blood. Infection and/or in-
flammation such as COVID-19 promotes 
suPAR production from bone marrow my-
eloid cells. High circulating suPAR levels 
are associated with both AKI and CKD as a 
kidney disease factor. In certain circum-
stance, suPAR alone (i.e., dimerized form) 
or together with other risk factors (such as 
CD40 autoantibody, or APOL1 risk vari-
ants) causes FSGS-like changes.
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muPAR in the luminal epithelial cells and a shorter se-
creted form (muPAR2) in the basal epithelial cells of the 
gastrointestinal tract provided the first evidence for the 
existence of uPAR isoforms [17]. While muPAR1 con-
tains 3 intact domains (DI, DII, and DIII) with 7 predict-
ed sites of glycosylation, muPAR2 possess only a com-
plete DI (encoded by exons 2 and 3) and a partial DII 
domain (encoded by exon 4). The muPAR2, lacking a 
GPI anchor, represents the secretory version of the pro-
tein, without DIII, and a part of DII (encoded by exons 
5–7) also missing [19].

Analogous to the canonical muPAR1, the human iso-
form 1 (huPAR1) contains three intact domains, five N-
linked glycosylation sites, and the GPI anchor [20]. Simi-
larly, the human isoform 2 (huPAR2) is the equivalent of 
muPAR2 in that it lacks the GPI anchor and exon 7, which 
encodes the C-terminal portion of DIII. Consequently, 
huPAR2 would likely generate the secretory form of hu-
PAR. The human isoform 3 (huPAR3) is characterized by 
deletion of exon 5, which results in the truncation of DII 
at its C-terminus. Lastly, an in-frame deletion of exon 6 
generates the human isoform 4 (huPAR4). Although this 
deletion retains the C-terminal of DIII and the GPI an-
chor, a portion of N-terminus in the DIII is missing.

Despite the availability of detailed information on 
uPAR isoforms, an outstanding question still remains, 
“what is the implication of these different uPAR isoforms 
in human kidney disease”? Expression of muPAR2 in 
mice via electroporation or use of muPAR2 transgenic 
mice induced proteinuric kidney disease that resembled 
FSGS [16, 21]. Since huPAR3 resembles closely with the 
muPAR2 in its protein structure [21], we can speculate 
some similarity in its function. With some promising data 
indicating the presence of different huPAR isoforms, it 
will be exciting and important to demonstrate if huPAR 
isoforms are pathogenic for human kidney diseases. For 
example, would huPAR3 cause FSGS?

suPAR and Integrins: When and Where

suPAR/uPAR has multiple ligands and coreceptors 
[4]. We specifically focus on integrins in this review as 
activation of integrins on diverse kidney cells under dif-
ferent pathological conditions is known to play an impor-
tant role in the progression of kidney diseases [22]. Inte-
grins, heterodimers of noncovalently associated α and β 
subunits, each of which is a single-pass type I transmem-
brane protein, are a major family of cell surface adhesion 
receptors expressed essentially in all tissues. Most integ-

rins contain large extracellular but short cytoplasmic do-
mains. Integrins can perform bidirectional signaling. Sig-
nals from inside the cell activate the binding of integrin 
to extracellular ligands (inside-out signaling), which in 
turn triggers intracellular signaling (outside-in signal-
ing). Obviously, integrins are implicated in renal patho-
biology which is dependent on both integrin expression 
and level of activation. Studies have revealed that differ-
ent integrins are expressed differentially on various renal 
cell types like tubular epithelial cells (TECs) [23], fibro-
blasts [24], and podocytes [25]. TECs, under normal con-
ditions, express mostly αv and β1 integrins but switch to 
αvβ6 subtype under tubular injury [26]. Fibroblasts nor-
mally express integrin α1, α4, α5, and β1 which turn into 
integrin α5, β1, and αv as dominant subtypes under fi-
brotic conditions [24, 27]. For podocytes, one of the best 
characterized integrin dimers is α3β1, knockout of which 
causes the absence of foot process (FP) formation, and 
downregulation leads to FP effacement in the adult kid-
ney [28]. Another major integrin that is expressed on the 
surface of podocytes is αvβ3, albeit its activity level is low 
under normal conditions. In consistent with a low base-
line activation, depleting αvβ3 did not cause an overt re-
nal phenotype, yet its absence mitigated its activation 
conferring protection from LPS-mediated podocyte FP 
effacement [15].

Most integrins exhibit an ability to bind a wide range 
of ligands [29]. Many studies have unequivocally demon-
strated that integrins can bind with noncanonical mole-
cules to orchestrate downstream signaling pathways [30]. 
For example, some integrins bind and activate TGF-β to 
elicit Smad2/3 signaling, which promotes interstitial fi-
brosis and suppress TEC proliferation [31]. There are also 
many studies suggesting that uPAR/suPAR works as a li-
gand for integrins. An intriguing question that had al-
ways befuddled researchers was how uPAR, a molecule 
without typical transmembrane structure, can mediate 
cellular signaling? Initially, it was believed that there must 
be some “transmembrane adapter molecules” which con-
nect the extracellular uPAR with the intracellular signal-
ing molecules to transduce the signaling cascade [32]. 
However, it has become apparent that uPAR can form 
dynamic signaling complexes on the cell surface that may 
include integrins [33], epidermal growth factor receptor 
[34], platelet-derived growth factor receptor [35], the in-
ternalizing receptor lipoprotein receptor-related protein 
[36], caveolin [37], vitronectin [38], and potentially other 
molecules as well. Specifically, uPAR has been shown to 
interact with β1, β2, and β3 families of integrin receptor 
[39–41]. An interesting study by Tarui et al. [42] demon-
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strated that the GPI-anchored uPAR specifically bound 
to integrins on the opposing cells; thus, uPAR-integrin 
engagement could facilitate a trans cell-cell interaction. A 
seminal study from our group unveiled the ability of su-
PAR to initiate signaling by binding to αvβ3 integrin on 
the podocyte surface, contributing to FSGS [16]. In 2015, 
Alfano et al. [43] demonstrated that interaction of full-
length suPAR with αvβ3 integrin on podocytes resulted 
in down-modulation of nephrin and WT-1, which poten-
tially could explain the cause for kidney dysfunction in 
pathologies associated with increased suPAR concentra-
tion. Furthermore, we identified high-affinity interac-
tions between suPAR, apolipoprotein L1 (APOL1), and 
αvβ3 integrin, whereby APOL1 G1 and G2 protein vari-
ants exhibited higher affinity for suPAR-activated αvβ3 
integrin than the APOL1 reference G0 protein, demon-
strating an example of risk factor aggravation in kidney 
disease [25]. In addition, suPAR has been shown to bind 
to TECs through integrin β6 under injured conditions 
leading to Rac1 activation followed by an onset of CD44/
Smad3 signaling, culminating in interstitial fibrosis [44]. 
When and where suPAR interacts with which integrin(s) 
in different disease setting will be a fascinating area for 
future studies.

suPAR Connects Acute Kidney Injury to Chronic 
Kidney Disease

Chronic Kidney Disease
Glomerular disease is often characterized by podocyte 

dysfunction, injury, or loss, which in turn is attributed to 
many factors [45]. Circulating systemic factors, intraglo-
merular mediators, mediators within the podocyte itself, 
or a combination of all these can impose structural chang-
es on podocyte’s FPs [46]. Upon prolonged and continu-
al injury such as in FSGS, podocyte loss drives disease 
progression and deterioration into chronic kidney dis-
ease (CKD) and eventually end-stage renal disease. Al-
though podocyte gene defects are a known cause of some 
FSGS in humans [47], occurrence of FSGS even in the 
absence of gene defects or recurrence of proteinuria with-
in hours or days after renal transplantation have incited 
the researchers to believe involvement of certain caus-
ative circulating factor, which was popularly known as 
“FSGS permeability factor.” This belief was further 
strengthened by evidence demonstrating recurrence of 
FSGS after transplantation [48]. In particular, an impor-
tant study led by Dr. Savin showed that sera from FSGS 
patients could cause proteinuria in rats [49]. The pro-

posed circulating factor was expected to be smaller in size 
than albumin and removable by plasmapheresis [50] or 
immunoadsorption [51]. Another supporting evidence 
that provided further credence to the “permeability fac-
tor” theory was the case report of transient nephrotic syn-
drome in a newborn whose mother had FSGS, indicating 
the transmissibility of the glomerular permeability factor 
[52]. In 2011, we identified suPAR as a causative perme-
ability factor [16]. Our studies demonstrate that in pro-
teinuric kidney diseases, especially in primary and recur-
rent FSGS, suPAR concentrations in the plasma are ele-
vated; increase of circulating suPAR levels cause FSGS-like 
disease in mouse models [16]. Bone marrow-derived im-
mature myeloid cells were found to be a main cellular 
source of circulating suPAR contributing to the protein-
uric kidney disease [53]. A recent study documents acti-
vated neutrophils as source of circulating suPAR during 
systemic inflammation [54]. Notably, suPAR has also 
been shown to interact with other molecules to synergis-
tically induce podocyte damage and mediate progression 
to CKD in different disease settings. For instance, CD40 
autoantibodies augmented suPAR-mediated effects in 
FSGS [55]; and levels of acid sphingomyelinase-like phos-
phodiesterase 3b modulated the effect of suPAR in dia-
betic nephropathy (DN) [56]. Elevated suPAR levels have 
been associated with DN in other studies as well [57]. 
Having said that, it is noteworthy to mention that al-
though many elegant studies demonstrate the causative 
role for suPAR in the incidence of FSGS, there have been 
controversies around this issue as some clinical reports 
could not ascertain the relationship between the circulat-
ing suPAR levels and FSGS [58–64]. For instance, a recent 
study by Sun et al. [65] reported that the plasma and uri-
nary suPAR levels did not correlate with any of their clin-
ical and pathological parameters like albumin, serum cre-
atinine, eGFR, urine total protein, C-reactive protein 
(CRP), and glomerular global sclerosis or segmental scle-
rosis.

Obviously, the mechanisms that underlie the involve-
ment of suPAR in each different kidney disease entity 
need further investigation. The question regarding the 
circulating suPAR levels and kidney function however 
has prompted a series of studies assessing suPAR as a bio-
marker for kidney disease. To evaluate the utility of su-
PAR as a potential biomarker for CKD, we investigated 
the relationship between baseline suPAR levels and de-
cline in eGFR over time in a large and heterogenous co-
hort study of patients with chest pain [66]. We found that 
participants who were in the two higher quartiles of su-
PAR levels (≥3,040 pg/mL) had a significantly greater de-
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cline in the eGFR in comparison to those in the two low-
er quartiles (<3,040 pg/mL). Moreover, over a period of 5 
years, the decline in the eGFR was 7.3% in the two lower 
quartiles, as compared with 14.5% in the third quartile 
and 20.4% in the fourth quartile. Congruent to the eGFR 
decline, the incident rate of CKD was found to be 7% at 1 
year and 41% at 5 years in participants with a suPAR lev-
el of ≥3,040 ng/mL (third and fourth quartiles), as com-
pared with 1% and 12%, respectively, among participants 
with a suPAR level of <3,040 ng/mL (first and second 
quartiles) [66]. These data clearly indicate an association 
between high circulating suPAR levels and both a decline 
in the eGFR and the development of CKD. This associa-
tion between circulating suPAR levels and declining kid-
ney function was observed in patients with normal base-
line kidney function as well and was independent of con-
ventional risk factors for kidney and cardiovascular 
disease. Besides, circulating suPAR levels have been 
shown to have independent association with an increased 
risk of progression to end-stage renal disease in Chinese 
[67] and African American [68] CKD patients. In addi-
tion to adult patients, suPAR as an independent risk fac-
tor for CKD progression has also been demonstrated in 
pediatric cohorts [69–71]. With certain concerns of renal 
retention, many studies have analyzed the correlation of 
suPAR to eGFR [72]. It turns out that suPAR is not cor-
related to eGFR in people with eGFR above 90 mL/
min/1.73 m2. In lower eGFR ranges, suPAR shows a weak 
correlation to eGFR but still not enough to attribute any 
major part of suPAR rise in circulation to a simple renal 
filtration decrease-incurred suPAR accumulation rather 
than its increased production. In consistent with this 
finding, Ngo et al. [73] showed that renal clearance of su-
PAR is very low when measuring suPAR concentration in 
renal artery and renal vein.

Acute Kidney Disease
Acute kidney injury (AKI) is characterized by an 

abrupt or rapid decline in kidney function, encompassing 
both structural damage and dysregulation of excretory 
functions but without a sole distinct pathophysiology as 
with CKD. Hayek et al. [26] recently showed that suPAR 
was associated with AKI across three cohorts in different 
clinical contexts (patients who were exposed to intra-ar-
terial contrast material for coronary angiography, who 
underwent cardiac surgery, or who were critically ill and 
admitted to the ICU). Mechanistically, suPAR sensitizes 
the kidney proximal tubules to injury through modula-
tion of cellular bioenergetics and increased oxidative 
stress, suggesting a causative role for suPAR in AKI as 

well [26]. Similar association between the development of 
AKI and suPAR levels was documented in cardiac surgery 
patients by Mossanen et al. [74]. In other independent 
studies, suPAR has been proposed to be a better marker 
of infection than CRP in critically ill patients with AKI 
stage 2/3 [75], or an applicable marker in predicting AKI 
among older patients (≥65 years) in the emergency de-
partment. In particular, a recent study suggests suPAR 
along with neutrophil gelatinase-associated lipocalin, a 
protein which is produced in the kidney after ischemic or 
nephrotoxic injury, as a biomarker for early detection of 
AKI [72, 76, 77]. The results overall demonstrated that 
suPAR and neutrophil gelatinase-associated lipocalin 
levels were independently associated with incident AKI 
and its severity, but their combination yielded improved 
discriminatory power for risk determination of AKI [78].

suPAR Predicts AKI and Disease Severity in 
COVID-19 Patients
COVID-19, caused by the SARS-CoV-2, has emerged 

into a global pandemic, upending millions of lives as well 
as damaging the economy. The disease can progress un-
predictably with patients suddenly deteriorating into 
multi-organ failure including severe respiratory failure, 
AKI, and death [79]. Thus, identification of biomarkers 
for disease progression and timely onset of targeted ther-
apies are of paramount importance [80]. Understanding 
of the viral physiology and host response has uncovered 
a gamut of potential biomarkers which are used as the in-
dicators of either pathological processes or pharmacolog-
ical responses to the therapeutic intervention. Examples 
include hematological (neutrophil-to-lymphocyte ratio, 
neutrophil-to-monocyte ratio, lymphopenia, neutrophil-
ia), inflammatory (cytokines: IL-1β, IL-2, IL-8, IL-17, G-
CSF, GMCSF, IP-10, MCP-1, CCL3, and TNFα; chemo-
kines, growth factors, CRP, procalcitonin, lactate dehy-
drogenase), coagulation (D-dimer, fibrinogen, fibrin 
degradation products), and biochemical (aspartate ami-
notransferase, alanine aminotransferase, bilirubin, albu-
min, ferritin, muscle creatinine kinase, myoglobin, car-
diac troponin, brain natriuretic peptide) markers [81–
89]. However, since the pandemic is evolving with the 
emergence of new strains that results in varying disease 
severity and symptoms, discovering “the best” biomark-
ers for COVID-19 could provide not only convincing but 
also objective information to the clinicians in: (a) predict-
ing the severity and progression of the disease, (b) moni-
toring and recognition of complications, (c) management 
and disposition of patients, (d) identification and classi-
fication of high-risk cohorts, (e) predicting and improv-
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ing the prognosis, and (f) rationalizing the therapies and 
assessing the subsequent response.

suPAR has been shown to be dramatically elevated in 
patients with severe COVID-19 [90] and stands out as a 
predictor of overall disease severity and outcome [91–94] 
including severe respiratory failure [95] and AKI [96]. In 
SARS-CoV-2-infected individuals with low levels of su-
PAR (<4 ng/mL) upon admission, the risk of needing me-
chanical ventilation and the 14-day mortality was small, 
while levels between 4 and 6 ng/mL and especially >6 ng/
mL were associated with a significantly increased risk 
[97]. Recently, a study reported the ability of suPAR in 
independently predicting the severity of COVID-19 dis-
ease, the length of hospital stays along with the need for 
supplemental oxygen therapy for these patients [98]. 
These studies demonstrate that suPAR might function as 
a “crystal ball” in predicting the host response to CO-
VID-19 infection. Another particularly interesting study 
called suPAR-guided Anakinra treatment for Validation 
of the risk and Early Management Of seveRE respiratory 
failure by COVID-19 (SAVE-MORE) was a phase 3, dou-
ble-blind randomized controlled trial that evaluated the 
efficacy and safety of early initiation of anakinra treat-
ment (an IL-1α/β inhibitor) in hospitalized patients with 
moderate or severe COVID-19. This trial evaluated a 
novel approach for the management of COVID-19, which 
relied on early identification of patients at risk for unfa-
vorable outcome using suPAR as the parameter [99]. 
Taken together, all these studies indicate the implication 
of suPAR in COVID-19-incurred infection. However, is 
suPAR merely a biomarker or a causative factor as well 
awaits further studies. For example, as we know that su-
PAR could be induced as a result of immune cell activa-
tion, would elevated suPAR then trigger further organ 
damage? Would an elevated baseline suPAR level facili-
tate or aggravate the SARS-CoV-2 virus-induced infec-
tion? Would suPAR and other cytokines rather than 
SARS-CoV-2 virus itself be the culprit for extrapulmo-
nary organ damage?

suPAR and Its Implications in Transplantation

While the prognostic relevance of suPAR has been rec-
ognized in various kidney diseases, its role in transplan-
tation-specific outcomes is mounting. We initially ob-
served that higher levels of suPAR before transplantation 
are associated with an increased risk of recurrence of 
FSGS in the allograft [16]. Jehn et al. [100] recently inves-
tigated the prognostic significance of suPAR in a cohort 

of 100 patients, before and 1 year after kidney transplan-
tation. They revealed a strong correlation between suPAR 
levels at 1-year mark post-transplantation and eGFR loss: 
suPAR levels above 6,212 pg/mL were associated with an 
accelerated eGFR loss of >30%, which is almost twice as 
fast as in patients with suPAR ≤6,212 pg/mL [100]. Inter-
estingly in another study with post-transplantation-re-
current FSGS patients, reduction in the suPAR levels has 
been identified as a biomarker to gauge the success and 
outcome of therapeutic plasma exchange (TPE) in com-
bination with rituximab. TPE caused a significant reduc-
tion in serum suPAR levels with a concomitant decrease 
in proteinuria and suPAR-induced podocyte αvβ3 integ-
rin activity. Considering variables analyzed including 
eGFR, baseline serum creatinine, age at diagnosis and 
transplantation, TPE course numbers, notably, only a re-
duction in suPAR stood out as the strongest predictor for 
proteinuria and response to therapy [101]. Discrepancy 
however was reported in a pilot trial where high suPAR 
levels were not indicative of severity in patients with kid-
ney transplant and infectious complications [102]. Simi-
larly, another study demonstrated a significant decrease 
of suPAR levels post-transplantation, but no correlation 
of suPAR levels and transplanted graft function could be 
confirmed or established [103]. Thus, considering con-
founding factors like demographic variation within the 
study cohort, small sample size when working with hu-
man subjects, and different detection methods to assess 
suPAR levels, in particular ELISA-based assays versus 
proteomic assays, can lead to conflicting results [104]. 
The growing importance for suPAR in kidney transplant 
patients has just been demonstrated once again. Morath 
et al. [105] showed that suPAR levels in 1,023 kidney 
transplant patients (measured at transplantation or 1 year 
after) predicted cardiac death.

Modulation of suPAR Levels and Its Function Is a 
Therapeutic Approach

Discovered more than three decades ago, the pleiotropic 
uPAR has been firmly established as a promising and ver-
satile molecular target for the treatment of inflammatory 
diseases and several malignancies [106]. Robust expression 
of uPAR in many human cancerous tissues versus sparse 
expression in their healthy and quiescent counterparts ren-
ders uPAR as an attractive target for cancer therapeutics [9]. 
To impair and eradicate uPAR-expressing cells selectively, 
approaches developed to date have focused on neutralizing 
uPAR function, primarily by interfering with its gene ex-
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pression using antisense RNA or oligonucleotides [107, 
108] or interaction with its ligand uPA [109]. One of the 
initial challenges faced by the researchers in developing 
therapeutics that target the binding of uPA to uPAR was the 
stringent species specificity of the uPA-uPAR interaction 
[110]. Mouse uPA would bind to huPAR very poorly and 
vice versa, which posed a great obstacle to test the efficacy 
of any antagonists in mouse xenograft tumor models. How-
ever, when uPAR was later found to interact with many dif-
ferent ligands in addition to uPA, abrogation of uPA-uPAR 
interaction was accomplished by using anti-uPAR mono-
clonal antibodies [111, 112], uPA-derived peptides like 
UPARANT [113–115] or small molecules [116, 117], and 
the amino-terminal fragment of uPA (which contains the 
receptor-binding domain) with decent to moderate success 
in combating cancer [118].

In the context of kidney disease, the therapeutic impli-
cation of suPAR modulation has already come to light. 
Many studies from us and others have demonstrated the 
encouraging effect of functional blocking of suPAR by 
uPAR antibodies in different kidney disease animal mod-
els. For example, we showed that administration of block-
ing antibody could ameliorate suPAR-caused kidney 
damage in mice [16]. Dal Monte et al. [119] reported the 
therapeutic effect of small peptide uPARANT in STZ-in-
duced DN in rats. More recently, our group demonstrat-
ed that pretreatment with a uPAR monoclonal antibody 
attenuated contrast-induced kidney injury in suPAR-
overexpressing mice [26]. Clinically, the effect of modu-
lating circulating suPAR levels has been shown with pa-
tients receiving plasmapheresis and/or immunoadsorp-
tion treatment, making it an effective therapy for some 
transplant FSGS patients [16, 91, 112, 113]. Imminent 
trial from Miltenyi Biotec utilizing uPAR antibody-coat-
ed columns seems promising. In the settings where im-
munoadsorption or plasmapheresis is applied, a suPAR 
antibody-coated column should remove excess suPAR 
from plasma and provide much advantage over general 
immunoadsorption or plasmapheresis. An injectable su-
PAR-neutralizing antibody would be even more prefer-
able especially for a broader range of patients without any 
needs for plasmapheresis or immunoadsorption.

Since uPAR/suPAR signals through podocyte αvβ3 in-
tegrin and thus mediates downstream cellular injury in 
glomerular kidney disease, modulating αvβ3 integrin ac-
tivity could possibly represent another therapeutic ave-
nue [14, 15]. While lack of efficacy and/or side effects ob-
served with small-molecule and/or antibody inhibitors of 
αv integrins, including MK-0429, cilengitide 
(EMD121974), and vitaxin (LM609), have prevented 

them for potential use in cancer treatment, researchers 
have not given up testing integrin inhibitors in kidney 
disease. In line with this, Janssen/Vascular Therapeutics 
in 2017 has also developed an antibody, VPI-2690B that 
blocks αvβ3 signaling for the purpose of treating DN 
[120], but the results have not been disclosed.

In conclusion, we have witnessed very exciting prog-
ress in our understanding of suPAR’s multifaceted roles 
in kidney disease, even though open questions remain. 
Further suPAR studies will not only shed more light on 
its role in kidney disease but also bring about suPAR 
modifying therapeutics which may prove valuable to 
many patients suffering from kidney disease.
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