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Abstract: (1) Background: Soluble urokinase-type plasminogen activator receptor (suPAR) has been
implicated in the pathogenesis of kidney disease in different disease settings. The aim of this study
was to investigate a possible link between suPAR circulating levels and renal impairment (RI) in
newly diagnosed patients with symptomatic multiple myeloma (NDMM) before and after frontline
therapy with bortezomib-based regimens. (2) Methods: We studied 47 NDMM patients (57% males,
median age 69.5 years) before the administration of anti-myeloma treatment and at best response to
bortezomib-based therapy. suPAR was measured in the serum of all patients and of 24 healthy matched
controls, using an immuno-enzymatic assay (ViroGates, Denmark). (3) Results: suPAR levels were
elevated in NDMM patients at diagnosis compared to healthy individuals (p < 0.001). suPAR levels
strongly correlated with disease stage (p-ANOVA < 0.001). suPAR levels both at diagnosis and at best
response negatively correlated with estimated glomerular filtration rate (eGFR) values (p < 0.001).
Interestingly, no significance changes in suPAR levels were observed at best response compared to
baseline values (p = 0.31) among 18 responding patients with baseline eGFR < 50 mIL/min/1.73 m?.
(4) Conclusions: SuPAR levels reflect renal function in NDMM patients treated with bortezomib-based
induction. Responders may have elevated circulating suPAR levels, possibly reflecting persistent
kidney damage, despite their renal response.

Keywords: suPAR; soluble urokinase-type plasminogen activator receptor; multiple myeloma;
bortezomib; induction; kidney; renal

1. Introduction

Multiple myeloma (MM) is a multisystemic plasma cell dyscrasia that primarily affects bone
homeostasis, hematopoiesis and renal function [1-3]. Renal impairment is a common complication of
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MM and up to 50% of patients with MM present with renal impairment at diagnosis, depending on
the definition of renal impairment based on the value of serum creatinine or estimated glomerular
filtration rate (eGFR) [4,5]. Prompt initiation of anti-myeloma treatment is of paramount importance in
order to restore renal function, whereas the introduction of proteasome inhibitors, such as bortezomib,
and other novel agents in the therapeutic algorithm of MM has led to a significant improvement in the
survival of patients with severe renal impairment [6,7].

Soluble urokinase-type plasminogen activator receptor (suPAR) is the circulating form of
a glycosyl-phosphatidylinositol-anchored three domain membrane protein that has been implicated
in the pathogenesis of kidney disease of different etiology [8,9]. Under physiological conditions,
low expression of urokinase plasminogen activator receptor is shown on podocytes, endothelial cells
and activated immune cells [10]. However, elevated suPAR levels have been consistently associated
with decreased renal function in different disease settings including chronic kidney disease, critical
illness, sepsis, cardiac surgery and coronary angiography [8,11]. High suPAR levels result in aberrant
activation of av33 integrin in kidney podocytes, which ultimately leads to proteinuria and kidney
damage [12]. Furthermore, uPAR-mediated signaling has been implicated in inflammation, endothelial
damage, as well as in cell migration, adhesion, and mitosis in cancer [13].

In this context, the aim of this study was to investigate a possible link between suPAR levels
and renal impairment in newly diagnosed patients with newly diagnosed patients with symptomatic
multiple myeloma (NDMM) before and after frontline therapy with bortezomib-based regimens.

2. Patients and Methods

suPAR was measured in the serum samples of consecutive patients with NDMM treated with
bortezomib-based upfront regimens in a single institution (Department of Clinical Therapeutics,
National and Kapodistrian, University of Athens, Greece). Each patient had two measurements: one at
baseline before the administration of any kind of therapy, including dexamethasone, and one after
best-response to first-line treatment. suPAR levels were also evaluated in apparently healthy individuals
of similar age, gender and body mass index, who had donated their blood in the institutional blood
bank (controls).

Patient data were collected in a prospectively maintained database and treatment outcomes were
assessed according to the International Myeloma Working Group (IMWG) guidelines [14,15].

Measurements of suPAR and other analytes were performed by means of immune-enzymatic
techniques as follows: suPAR (ViroGates A/S, Birkerod, Denmark), Neutrophil Gelatinase-Associated
Lipocalin (NGAL) (R&D Systems, Minneapolis, MN, USA); whereas Cystatin-C was measured with
an immunoturbidimetric assay using the Roche Cobas 6000 Clinical Chemistry System. Apart from
markers of renal function (Cystatin-C) and renal injury (NGAL), biomarkers of inflammation (hs-CRP
and IL-6) and cardiac function (hs-Troponin-T and NT-proBNP) were also evaluated. eGFR values
were calculated based on the Chronic Kidney Disease Epidemiology Collaboration Cystatin-C
(CKD-EPI-CysC) equation [16].

The study was conducted according to the principles of the 18th World Medical Association
Assembly (Declaration of Helsinki, 1964) and all its future amendments. The study protocol was
designed and executed according to the Good Clinical Practice Guidelines as defined by the International
Conference of Harmonization (GCP-ICH), as well as the regulations pertaining to clinical studies in
Greece. It was approved by the institutional ethics committee.

Statistical analyses were performed with IBM SPSS v.22 statistical software (New York, NY, USA).

3. Results

3.1. Patient Characteristics

Forty-seven patients with NDMM were included in the study. Twenty-seven (57%) were
male and 20 were female (43%), and the median age of the whole study population was 69.5
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years. Thirty (64%) patients had a MM diagnosis of IgG isotype, 7 (15%) of IgA and 10 (21%) had
light-chain only MM. Regarding the prognostic classification according to the International Staging
System (ISS) for MM, 13 (28%) patients had ISS-1, 19 (40%) had ISS-2 and 15 (32%) had ISS-3 MM.
All patients received bortezomib-based frontline therapy as follows: bortezomib, cyclophosphamide,
dexamethasone (VCD) n = 32 (68%); bortezomib, thalidomide, dexamethasone (VID) n =7 (15%);
bortezomib, melphalan, dexamethasone (VMP) n = 7 (15%); bortezomib, dexamethasone (VD) n = 1
(2%). Twenty-seven (58%) patients had baseline eGFR at diagnosis < 60 mL/min/1.73 m?, 23 (49%) had
baseline eGFR < 50 mL/min/1.73 m? and 10 (21%) had baseline eGFR < 30 mL/min/1.73 m?; whereas
no patient was on dialysis.

In the study were also included 24 healthy individuals of similar age, gender and body index,
who served as controls.

3.2. SuPAR and Other Biomarkers in MM and Controls

suPAR levels were elevated in MM patients at diagnosis compared to 24 healthy individuals
[mean+standard deviation (SD) (range): 4.1 + 2.2 pg/mL (1.4-13.0 pg/mL) versus 1.8 + 0.3 pg/mL
(1.1-2.6 pg/mL), p < 0.001] (Figure 1). All other markers of cardio-renal dysfunction (hs-Troponin-T,
NT-proBNP, Cystatin-C, NGAL) and inflammation (hs-CRP and IL-6) were elevated in NDMM patients
compared to healthy controls (p < 0.01 for all comparisons).

Controls

MM at diagnosis }— < 4{ =

o 3 6 o 12 15
suPAR (pg/mL)

Figure 1. Soluble urokinase-type plasminogen activator receptor (SuPAR) levels were significantly
elevated in newly diagnosed patients with symptomatic multiple myeloma (NDMM) patients compared
to controls (p < 0.001).

3.3. Correlations of suPAR with Disease Characteristics, Renal Function during Upfront Treatment,
Cardio-Renal and Inflammatory Biomarkers

suPAR levels strongly correlated with ISS disease stage (Figure 2). Patients categorized as ISS-1
had a mean =+ SD value of 2.4 + 1.2 pg/mL, whereas the mean + SD value of suPAR was 3.6 + 1.8 pg/mL

among patients with ISS-2 disease and 5.1 + 2.2 pg/mL among those with IS5-3 MM (p-ANOVA < 0.001).
No association was found between suPAR levels and the amount of monoclonal protein.
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Figure 2. suPAR levels according to MM International Staging System (ISS) stage (Kruskal-Wallis
Median Test, p = 0.002).

Following bortezomib-based frontline therapy, 39 patients responded (83%). Nine patients (19%)
achieved a complete response (CR), 11 (23%) a very good partial response (VGPR) and 19 (40%)
a partial response (PR). Among the 23 NDMM patients with baseline eGFR < 50 mL/min/1.73 m?,
18 (78%) showed at least a minor renal response to bortezomib-based upfront regimen. However,
no significance changes in suPAR levels were observed at best response (4.4 + 2.7 pg/mL) compared to
baseline values (p = 0.31).

Interestingly, suPAR levels strongly correlated with eGFR values both at diagnosis (r = —0.700,
p < 0.001) and at best response (r = —0.890, p < 0.001), (Figure 3a,b, respectively). SuPAR levels were
also associated with NGAL values both at diagnosis (r = 0.657, p < 0.001) and at best response (r = 0.586,
p < 0.001) (Figure 4a,b, respectively).
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Figure 3. SuPAR levels were negatively associated with estimated glomerular filtration rate (eGFR)
values both (a) at diagnosis (r = —0.700, p < 0.001) and (b) at best response (r = —0.890, p < 0.001).
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Figure 4. SuPAR levels were positively associated with Neutrophil Gelatinase-Associated Lipocalin
(NGAL) values both (a) at diagnosis (r = 0.657, p < 0.001) and (b) at best response (r = 0.586, p < 0.001).

Furthermore, suPAR levels at diagnosis and at best response correlated positively with the
(log)values of inflammatory biomarkers IL-6 and hs-CRP (p < 0.001 for all correlations), as well as with
the markers of cardiac function hs-Troponin-T and NT-proBNP (p < 0.001 for all correlations).

4. Discussion

Herein, we investigated the association between suPAR levels and disease characteristics in
NDMM patients before and following the administration of frontline therapy with bortezomib-based
regimens. SuPAR levels were significantly elevated in NDMM patients compared to controls, as well
as other markers of cardio-renal dysfunction and inflammation. We also found that suPAR levels
were significantly associated with biomarkers of inflammation both at diagnosis and at best response.
A disequilibrium favoring the overproduction of inflammatory cytokines results in an inflammatory
state in patients with MM, which is reflected as an increase in relevant biomarkers [17]. The expression
of uPAR is up-regulated in activated immune cells, which in turn results in increased suPAR levels [18].
This has been reported consistently in studies showing that increased suPAR is associated with systemic
inflammation and adverse prognosis in patients with infectious diseases [18,19]. Elevated suPAR levels
are implicated in different disease settings associated with inflammation including cardiovascular
disease, diabetes, rheumatic disease and cancer, whereas suPAR levels may even be predictable of
mortality in the general population [20-22]. Furthermore, both myeloma cells and myeloid cells
residing in the myeloma compartment of the bone marrow niche express uPAR and may contribute to
the increased suPAR levels detected in the serum of patients with MM [23-25]. uPAR is thought to
sustain the homing of malignant plasma cells in the bone marrow along with other adhesion molecules
such as CD56 and CD138 [26]. Interestingly, high uPAR expression has been significantly associated
with high expression of CD56, CD138, CD38 and CD45 in the bone marrow of patients with MM,
as assessed by flow cytometry [27].

Increased suPAR levels have been also reported in patients with other hematological malignancies
such as lymphomas and leukemias [26,28]. Deregulation of the uPA-uPAR signaling cascade has been
described in both hematological cancer and solid tumors [13]. Activation of the uPA-uPAR axis leads to
the activation of JAK-STAT, RAS-PI3K, RAS-MARK intracellular pathways that regulate gene expression
and promote cell proliferation, cell migration, invasion, metastasis and angiogenesis [13]. In the
extracellular space, activated uPA mediates the conversion of inactive plasminogen to plasmin, which
cleaves and activates growth factors and matrix metalloproteases (MMPs) [13]. Plasmin and MMPs
degrade the extracellular matrix, which favors cell motility and migration. Other signaling cascades
also promote cell migration, such as the SRC tyrosine kinase—inducible nitric oxide synthase axis
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(iNOS). Interestingly, pharmacological inhibition of MMP-9 and uPAR has resulted in the suspension
of cell migration of glioma cells in preclinical studies [29].

Elevated suPAR levels at diagnosis were correlated with advanced ISS stage and, consequently,
with adverse disease prognosis. Our results are in line with other studies in the field, including 46
and 40 patients with MM, respectively, showing that high suPAR levels predicted for extra-medullar
myeloma involvement, advanced disease stage and poor survival outcomes [27,30].

High suPAR levels were inversely associated with renal function both at diagnosis and at best
response in our study. A similar association between baseline suPAR levels and serum creatinine has
also been reported in previous studies among patients with MM [27,30]. More recently, suPAR has been
proposed as an emerging biomarker for predicting renal outcomes among patients with monoclonal
gammopathy of renal significance (MGRS) [31]. MM-related renal impairment is considered among
the most challenging MM complications in terms of restoring renal function and improving survival
outcomes [5]. Three distinct clinical scenarios are usually seen in patients with MM: functional renal
insufficiency which may rapidly respond to prompt anti-myeloma treatment, acute kidney injury due to
MM-related cast nephropathy, or chronic kidney disease, especially when comorbidities are present [32].
Renal biopsy may be necessary for the differential diagnosis among MM- and non-MM related renal
pathologies [33]. Renal impairment in patients with MM is mainly attributed to monoclonal involved
free light chains, which may cause myeloma cast nephropathy and may also have direct toxic effects
on kidneys inducing isolated proximal tubule cell cytotoxicity and/or tubulointerstitial nephritis [3,32].
Elevated circulating suPAR levels derived from myeloma and myeloid immune cells may precipitate
kidney damage [12,25]. Endothelial damage, which may be also induced by anti-myeloma treatment,
may promote renal impairment [34]. Endothelial injury may be reflected on changes in the levels
of suPAR, uPA, uPAR and plasminogen-activator inhibitor type 1 (PAI-1), as well as endothelial
extracellular vesicles (EV) [35]. A longitudinal assessment of these markers in patients with MM
receiving proteasome inhibitors could elucidate the underlying mechanism of treatment-induced
endothelial and renal damage [36].

Novel anti-myeloma agents including immunomodulatory drugs and proteasome inhibitors have
significantly improved the therapeutic approach by achieving a rapid reduction in free light chains
from treatment initiation, which increases the probability of renal recovery [7,37]. Early renal recovery
among patients with MM and renal impairment treated with bortezomib-based regimens has been
reported consistently among several prospective and retrospective studies [7]. The importance of
rapid intervention in order to reduce excessive free light chains lies in the prevention of progressive
and irreversible renal damage, and in particular interstitial fibrosis and tubular atrophy [3,32,38,39].
The sustained high suPAR levels even among responding patients with MM and renal impairment
in our study may reflect irreversible kidney damage. It may also be a result of persistent suPAR
production especially in patients achieving less than VGPR. Therefore, it seems that an early and deep
response is essential to optimize renal response and restore renal function, similar to the importance of
a rapid, deep and sustainable hematological response for the organ-specific responses in patients with
AL amyloidosis [40].

Circulating suPAR levels were also positively associated with NGAL and cystatin-C levels both
at diagnosis and at best response. Both NGAL and cystatin-C are sensitive biomarkers of renal
function in patients with MM [41]. Cystatin-C may have also a predictive value for renal response to
bortezomib-based regimens both among previously untreated and relapsed/refractory patients with
MM [42,43]. Furthermore, the association between suPAR levels and markers of cardiac function both
at diagnosis and at best response may be at least partially attributed to confounding factors including
inflammatory state and renal dysfunction [44].

Compared with previous studies in the field, the serial assessment of circulating suPAR levels
both before and post bortezomib administration in consecutive patients with NDMM is among the
novelties of our study. Furthermore, the assessment of renal function based on the CKD-EPI-CysC
equation, instead of Modification of Diet in Renal Disease (MDRD), Cockroft-Gault or serum creatinine
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levels as in other studies, adds further value to our results. CKD-EPI-CysC is more sensitive in
detecting renal dysfunction among patients with MM compared with MDRD and has also a significant
prognostic role [45]. Among the limitations of our study is the relative small number of included
patients, especially in the subgroup analyses, as well as the fact that no patient was in need of renal
dialysis at presentation and, therefore, we could not evaluate the role of suPAR levels in this patient
group. A longitudinal, serial analysis of suPAR levels during the disease course could be of value in
order to correlate changes in suPAR levels with treatment response.

In conclusion, circulating suPAR levels are associated with renal function in patients with NDMM
both at diagnosis and at best response to bortezomib-based frontline therapy. Importantly, responders
to anti-myeloma therapy continued to have elevated circulating suPAR, possibly reflecting underlying
permanent kidney damage or persistent production from residual myeloma clones and associated
myeloid immune cells. SuUPAR has emerged as a useful biomarker of renal function in MM, whereas
larger clinical studies may further determine the potential value of its integration in the clinical practice.

Author Contributions: Conceptualization, E.T. and M.A.D.; Data curation, PM. and IL.P; Formal analysis,
D.F. and M.R; Investigation, LN.-S., M.G. and E.P.; Methodology, G.-P.P.; Resources, E.T.; Software, E.K. and
A.M.; Supervision, I.P. and M.A.D.; Validation, N.K., E.E.-P. and M.M.; Writing—original draft, E.T. and LN.-S.;
Writing—review & editing, G.-PP.,, EK,, AM, NK, EE.-P, MM, D.F, M.R,, M.G.,, PM,, EP, LP. and M.A.D.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no relevant conflict of interest.

References

1. Kumar, S.K.; Rajkumar, V.; Kyle, R.A.; van Duin, M.; Sonneveld, P.; Mateos, M.V.; Gay, F.; Anderson, K.C.
Multiple myeloma. Nat. Rev. Dis. Primers 2017, 3, 17046. [CrossRef] [PubMed]

2. Terpos, E.; Ntanasis-Stathopoulos, I.; Gavriatopoulou, M.; Dimopoulos, M.A. Pathogenesis of bone disease
in multiple myeloma: From bench to bedside. Blood Cancer J. 2018, 8, 7. [CrossRef] [PubMed]

3. Hutchison, C.A.; Batuman, V.; Behrens, J.; Bridoux, F; Sirac, C.; Dispenzieri, A.; Herrera, G.A.; Lachmann, H.;
Sanders, PW.; International, K.; et al. The pathogenesis and diagnosis of acute kidney injury in multiple
myeloma. Nat. Rev. Nephrol. 2011, 8, 43-51. [CrossRef] [PubMed]

4. Tsakiris, D.J.; Stel, V.S.; Finne, P,; Fraser, E.; Heaf, ].; de Meester, J.; Schmaldienst, S.; Dekker, F.; Verrina, E.;
Jager, K.J. Incidence and outcome of patients starting renal replacement therapy for end-stage renal disease due
to multiple myeloma or light-chain deposit disease: An ERA-EDTA Registry study. Nephrol. Dial. Transplant.
2010, 25, 1200-1206. [CrossRef] [PubMed]

5. Haynes, RJ.; Read, S.; Collins, G.P,; Darby, S.C.; Winearls, C.G. Presentation and survival of patients
with severe acute kidney injury and multiple myeloma: A 20-year experience from a single centre.
Nephrol. Dial. Transplant. 2010, 25, 419-426. [CrossRef] [PubMed]

6. Dimopoulos, M.A.; Delimpasi, S.; Katodritou, E.; Vassou, A.; Kyrtsonis, M.C.; Repousis, P.; Kartasis, Z.;
Parcharidou, A.; Michael, M.; Michalis, E.; et al. Significant improvement in the survival of patients
with multiple myeloma presenting with severe renal impairment after the introduction of novel agents.
Ann. Oncol. 2014, 25, 195-200. [CrossRef] [PubMed]

7. Hutchison, C.A.; Blade, ].; Cockwell, P.; Cook, M.; Drayson, M.; Fermand, J.P.; Kastritis, E.; Kyle, R.; Leung, N.;
Pasquali, S.; et al. Novel approaches for reducing free light chains in patients with myeloma kidney.
Nat. Rev. Nephrol. 2012, 8, 234-243. [CrossRef]

8.  Hayek, S.S,; Sever, S.; Ko, Y.A ; Trachtman, H.; Awad, M.; Wadhwani, S.; Altintas, M.M.; Wei, C.; Hotton, A.L.;
French, A.L,; et al. Soluble Urokinase Receptor and Chronic Kidney Disease. N. Engl. |. Med. 2015, 373,
1916-1925. [CrossRef]

9.  Trimarchi, H. Primary focal and segmental glomerulosclerosis and soluble factor urokinase-type plasminogen
activator receptor. World J. Nephrol. 2013, 2, 103-110. [CrossRef]

10. Huai, Q.; Mazar, A.P; Kuo, A.; Parry, G.C,; Shaw, D.E.; Callahan, J.; Li, Y,; Yuan, C.; Bian, C.; Chen, L.; et al.
Structure of human urokinase plasminogen activator in complex with its receptor. Science 2006, 311, 656—659.
[CrossRef]


http://dx.doi.org/10.1038/nrdp.2017.46
http://www.ncbi.nlm.nih.gov/pubmed/28726797
http://dx.doi.org/10.1038/s41408-017-0037-4
http://www.ncbi.nlm.nih.gov/pubmed/29330358
http://dx.doi.org/10.1038/nrneph.2011.168
http://www.ncbi.nlm.nih.gov/pubmed/22045243
http://dx.doi.org/10.1093/ndt/gfp679
http://www.ncbi.nlm.nih.gov/pubmed/20037169
http://dx.doi.org/10.1093/ndt/gfp488
http://www.ncbi.nlm.nih.gov/pubmed/19767634
http://dx.doi.org/10.1093/annonc/mdt483
http://www.ncbi.nlm.nih.gov/pubmed/24356630
http://dx.doi.org/10.1038/nrneph.2012.14
http://dx.doi.org/10.1056/NEJMoa1506362
http://dx.doi.org/10.5527/wjn.v2.i4.103
http://dx.doi.org/10.1126/science.1121143

J. Clin. Med. 2020, 9, 3201 8 of 10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Hayek, S.S.; Leaf, D.E.; Samman Tahhan, A.; Raad, M.; Sharma, S.; Waikar, S.S.; Sever, S.; Camacho, A.;
Wang, X.; Dande, R.R.; et al. Soluble Urokinase Receptor and Acute Kidney Injury. N. Engl. ]. Med. 2020, 382,
416-426. [CrossRef] [PubMed]

Hayek, S.S.; Koh, K.H.; Grams, M.E.; Wei, C.; Ko, Y.A ; Li, ].; Samelko, B.; Lee, H.; Dande, R.R.; Lee, HW.; et al.
A tripartite complex of suPAR, APOL1 risk variants and alphavbeta3 integrin on podocytes mediates chronic
kidney disease. Nat. Med. 2017, 23, 945-953. [CrossRef] [PubMed]

Mahmood, N.; Mihalcioiu, C.; Rabbani, S.A. Multifaceted Role of the Urokinase-Type Plasminogen Activator
(uPA) and Its Receptor (uPAR): Diagnostic, Prognostic, and Therapeutic Applications. Front. Oncol. 2018, 12,
24. [CrossRef] [PubMed]

Dimopoulos, M.A.; Sonneveld, P.; Leung, N.; Merlini, G.; Ludwig, H.; Kastritis, E.; Goldschmidt, H.;
Joshua, D.; Orlowski, R.Z.; Powles, R.; et al. International Myeloma Working Group Recommendations for
the Diagnosis and Management of Myeloma-Related Renal Impairment. . Clin. Oncol. 2016, 34, 1544-1557.
[CrossRef] [PubMed]

Kumar, S.; Paiva, B.; Anderson, K.C.; Durie, B.; Landgren, O.; Moreau, P.; Munshi, N.; Lonial, S.; Blade, J.;
Mateos, M.V,; et al. International Myeloma Working Group consensus criteria for response and minimal
residual disease assessment in multiple myeloma. Lancet Oncol. 2016, 17, e328-e346. [CrossRef]

Inker, L.A.; Schmid, C.H.; Tighiouart, H.; Eckfeldt, ].H.; Feldman, H.I.; Greene, T.; Kusek, ] W.; Manzi, J.;
Van Lente, F.; Zhang, Y.L.; et al. Estimating glomerular filtration rate from serum creatinine and cystatin C.
N. Engl. ]. Med. 2012, 367, 20-29. [CrossRef]

Musolino, C.; Allegra, A.; Innao, V.; Allegra, A.G.; Pioggia, G.; Gangemi, S. Inflammatory and
Anti-Inflammatory Equilibrium, Proliferative and Antiproliferative Balance: The Role of Cytokines in
Multiple Myeloma. Mediat. Inflamm. 2017, 2017, 1852517. [CrossRef]

Ni, W.; Han, Y.; Zhao, J.; Cui, J.; Wang, K.; Wang, R.; Liu, Y. Serum soluble urokinase-type plasminogen
activator receptor as a biological marker of bacterial infection in adults: A systematic review and meta-analysis.
Sci. Rep. 2016, 6, 39481. [CrossRef]

Zhang, Q.; Li, L.; Chen, H.; Zhang, G.; Zhu, S.; Kong, R.; Chen, H.; Wang, G.; Sun, B. Soluble urokinase
plasminogen activator receptor associates with higher risk, advanced disease severity as well as inflammation,
and might serve as a prognostic biomarker of severe acute pancreatitis. J. Clin. Lab. Anal. 2020, 34, €23097.
[CrossRef]

Eugen-Olsen, J.; Andersen, O.; Linneberg, A.; Ladelund, S.; Hansen, T.W.; Langkilde, A.; Petersen, J.;
Pielak, T.; Moller, L.N.; Jeppesen, J.; et al. Circulating soluble urokinase plasminogen activator receptor
predicts cancer, cardiovascular disease, diabetes and mortality in the general population. |. Intern. Med. 2010,
268, 296-308. [CrossRef]

Rasmussen, L.J.; Ladelund, S.; Haupt, T.H.; Ellekilde, G.; Poulsen, J.H.; Iversen, K.; Eugen-Olsen, J.;
Andersen, O. Soluble urokinase plasminogen activator receptor (suPAR) in acute care: A strong marker of
disease presence and severity, readmission and mortality. A retrospective cohort study. Emerg. Med. ]. EM]
2016, 33, 769-775. [CrossRef] [PubMed]

Petersen, J.E.V.; Kallemose, T.; Barton, K.D.; Caspi, A.; Rasmussen, L.J.H. Soluble urokinase plasminogen
activator receptor (suPAR) as a prognostic marker of mortality in healthy, general and patient populations:
Protocol for a systematic review and meta-analysis. BMJ Open 2020, 10, e036125. [CrossRef] [PubMed]
Hjertner, O.; Qvigstad, G.; Hjorth-Hansen, H.; Seidel, C.; Woodliff, J.; Epstein, J.; Waage, A.; Sundan, A;
Borset, M. Expression of urokinase plasminogen activator and the urokinase plasminogen activator receptor
in myeloma cells. Br. J. Haematol. 2000, 109, 815-822. [CrossRef] [PubMed]

Asimakopoulos, F.; Hope, C.; Johnson, M.G.; Pagenkopf, A.; Gromek, K.; Nagel, B. Extracellular matrix
and the myeloid-in-myeloma compartment: Balancing tolerogenic and immunogenic inflammation in the
myeloma niche. . Leukoc. Biol. 2017, 102, 265-275. [CrossRef]

Hahm, E.; Wei, C.; Fernandez, I.; Li, J.; Tardi, N.J.; Tracy, M.; Wadhwani, S.; Cao, Y.; Peev, V,; Zloza, A.; et al.
Bone marrow-derived immature myeloid cells are a main source of circulating suPAR contributing to
proteinuric kidney disease. Nat. Med. 2017, 23, 100-106. [CrossRef]

Bene, M.C.; Castoldi, G.; Knapp, W.; Rigolin, G.M.; Escribano, L.; Lemez, P.; Ludwig, W.D.; Matutes, E.;
Orfao, A.; Lanza, F; et al. CD87 (urokinase-type plasminogen activator receptor), function and pathology in
hematological disorders: A review. Leukemia 2004, 18, 394-400. [CrossRef]


http://dx.doi.org/10.1056/NEJMoa1911481
http://www.ncbi.nlm.nih.gov/pubmed/31995687
http://dx.doi.org/10.1038/nm.4362
http://www.ncbi.nlm.nih.gov/pubmed/28650456
http://dx.doi.org/10.3389/fonc.2018.00024
http://www.ncbi.nlm.nih.gov/pubmed/29484286
http://dx.doi.org/10.1200/JCO.2015.65.0044
http://www.ncbi.nlm.nih.gov/pubmed/26976420
http://dx.doi.org/10.1016/S1470-2045(16)30206-6
http://dx.doi.org/10.1056/NEJMoa1114248
http://dx.doi.org/10.1155/2017/1852517
http://dx.doi.org/10.1038/srep39481
http://dx.doi.org/10.1002/jcla.23097
http://dx.doi.org/10.1111/j.1365-2796.2010.02252.x
http://dx.doi.org/10.1136/emermed-2015-205444
http://www.ncbi.nlm.nih.gov/pubmed/27590986
http://dx.doi.org/10.1136/bmjopen-2019-036125
http://www.ncbi.nlm.nih.gov/pubmed/32690515
http://dx.doi.org/10.1046/j.1365-2141.2000.02089.x
http://www.ncbi.nlm.nih.gov/pubmed/10929035
http://dx.doi.org/10.1189/jlb.3MR1116-468R
http://dx.doi.org/10.1038/nm.4242
http://dx.doi.org/10.1038/sj.leu.2403250

J. Clin. Med. 2020, 9, 3201 9 of 10

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Rigolin, G.M.; Tieghi, A.; Ciccone, M.; Bragotti, L.Z.; Cavazzini, F; Della Porta, M.; Castagnari, B.;
Carroccia, R.; Guerra, G.; Cuneo, A.; et al. Soluble urokinase-type plasminogen activator receptor (suPAR) as
an independent factor predicting worse prognosis and extra-bone marrow involvement in multiple myeloma
patients. Br. . Haematol. 2003, 120, 953-959. [CrossRef]

Rubio-Jurado, B.; Tello-Gonzalez, A.; Bustamante-Chavez, L.; de la Pena, A.; Riebeling-Navarro, C.;
Nava-Zavala, A.H. Circulating Levels of Urokinase-Type Plasminogen Activator Receptor and D-Dimer in
Patients With Hematological Malignancies. Clin. Lymphoma Myeloma Leuk. 2015, 15, 621-626. [CrossRef]
Zhuang, T.; Chelluboina, B.; Ponnala, S.; Velpula, K.; Rehman, A.; Chetty, C.; Zakharian, E.; Rao, J.;
Veeravalli, K. Involvement of nitric oxide synthase in matrix metalloproteinase-9- and/or urokinase
plasminogen activator receptor-mediated glioma cell migration. BMC Cancer 2013, 11, 590. [CrossRef]
Shen, J.; Wang, Q.; Wang, J.; Su, G.H.; Wang, J.; Guo, S.H.; Liu, YA,; Wu, Z,; Liu, RE; Li, X;; et al. Analysis of
soluble urokinase plasminogen activator receptor in multiple myeloma for predicting prognosis. Oncol. Lett.
2015, 10, 2403-2409. [CrossRef]

Kastritis, E.; Papassotiriou, I.; Roussou, M.; Gavriatopoulou, M.; Mantzou, A.; Psimenou, E.; Marinaki, S.;
Gakiopoulou, C.; Margeli, A.; Kanellias, N.; et al. Soluble Urokinase-Type Plasminogen Activator Receptor
(suPAR) Is a Renal Biomarker with Potential Clinical Applications in Monoclonal Gammopathy of Renal
Significance (MGRS). Blood 2019, 134 (Suppl. S1), 3126. [CrossRef]

Gavriatopoulou, M.; Terpos, E.; Kastritis, E.; Dimopoulos, M.A. Current treatments for renal failure due to
multiple myeloma. Expert Opin. Pharmacother. 2016, 17, 2165-2177. [CrossRef] [PubMed]

Kastritis, E.; Kanellias, N.; Theodorakakou, E; Psimenou, E.; Gakiopoulou, C.; Marinaki, S.; Roussou, M.;
Gavriatopoulou, M.; Migkou, M.; Fotiou, D.; et al. Renal pathology in patients with monoclonal gammopathy
or multiple myeloma: Monoclonal immunoglobulins are not always the cause. Leuk. Lymphoma 2020, 1-4.
[CrossRef] [PubMed]

Martinez-Sanchez, J.; Palomo, M.; Torramade-Moix, S.; Moreno-Castafio, A.; Rovira, M.; Gutiérrez-Garcia, G.;
Fernandez-Avilés, F.; Escolar, G.; Penack, O.; Rosifiol, L.; et al. The induction strategies administered in the
treatment of multiple myeloma exhibit a deleterious effect on the endothelium. Bone Marrow Transplant. 2020.
[CrossRef] [PubMed]

Piccin, A.; Sartori, M.; Bisogno, G.; Van Schilfgaarde, M.; Saggiorato, G.; Pierro, A.; Corvetta, D.; Marcheselli, L.;
Andrea, M.; Gastl, G.; et al. New insights into sinusoidal obstruction syndrome. Intern. Med. ]. 2017, 47,
1173-1183. [CrossRef] [PubMed]

Dimopoulos, M.; Roussou, M.; Gavriatopoulou, M.; Psimenou, E.; Ziogas, D.; Eleutherakis-Papaiakovou, E.;
Fotiou, D.; Migkou, M.; Kanellias, N.; Panagiotidis, L; et al. Cardiac and renal complications of carfilzomib
in patients with multiple myeloma. Blood Adv. 2017, 1, 449—-454. [CrossRef] [PubMed]

Hutchison, C.A.; Cockwell, P; Stringer, S.; Bradwell, A.; Cook, M.; Gertz, M.A_; Dispenzieri, A.; Winters, J.L.;
Kumar, S.; Rajkumar, S.V.; et al. Early reduction of serum-free light chains associates with renal recovery in
myeloma kidney. J. Am. Soc. Nephrol. JASN 2011, 22, 1129-1136. [CrossRef]

Basnayake, K.; Cheung, C.K,; Sheaff, M.; Fuggle, W.; Kamel, D.; Nakoinz, S.; Hutchison, C.A.; Cook, M.;
Stoves, J.; Bradwell, A.R; et al. Differential progression of renal scarring and determinants of late renal
recovery in sustained dialysis dependent acute kidney injury secondary to myeloma kidney. J. Clin. Pathol.
2010, 63, 884-887. [CrossRef]

Hutchison, C.A.; Bridoux, F. Renal impairment in multiple myeloma: Time is of the essence. J. Clin. Oncol.
2011, 29, e312-e313, author reply e314. [CrossRef]

Kastritis, E.; Fotiou, D.; Theodorakakou, F.; Dialoupi, I.; Migkou, M.; Roussou, M.; Karatrasoglou, E.A.;
Tselegkidi, M.I,; Ntalianis, A.; Kanellias, N.; et al. Timing and impact of a deep response in the outcome of
patients with systemic light chain (AL) amyloidosis. Amyloid 2020, 1-9. [CrossRef]

Papassotiriou, G.P.,; Kastritis, E.; Gkotzamanidou, M.; Christoulas, D.; Eleutherakis-Papaiakovou, E.;
Migkou, M.; Gavriatopoulou, M.; Roussou, M.; Margeli, A.; Papassotiriou, I.; et al. Neutrophil
Gelatinase—Associated Lipocalin and Cystatin C Are Sensitive Markers of Renal Injury in Patients With
Multiple Myeloma. Clin. Lymphoma Myeloma Leuk. 2016, 16, 29-35. [CrossRef] [PubMed]

Dimopoulos, M.A.; Roussou, M.; Gavriatopoulou, M.; Zagouri, F; Migkou, M.; Matsouka, C.; Barbarousi, D.;
Christoulas, D.; Primenou, E.; Grapsa, I; et al. Reversibility of renal impairment in patients
with multiple myeloma treated with bortezomib-based regimens: Identification of predictive factors.
Clin. Lymphoma Myeloma 2009, 9, 302-306. [CrossRef]


http://dx.doi.org/10.1046/j.1365-2141.2003.04176.x
http://dx.doi.org/10.1016/j.clml.2015.07.632
http://dx.doi.org/10.1186/1471-2407-13-590
http://dx.doi.org/10.3892/ol.2015.3613
http://dx.doi.org/10.1182/blood-2019-125305
http://dx.doi.org/10.1080/14656566.2016.1236915
http://www.ncbi.nlm.nih.gov/pubmed/27646819
http://dx.doi.org/10.1080/10428194.2020.1797013
http://www.ncbi.nlm.nih.gov/pubmed/32716220
http://dx.doi.org/10.1038/s41409-020-0947-9
http://www.ncbi.nlm.nih.gov/pubmed/32404979
http://dx.doi.org/10.1111/imj.13550
http://www.ncbi.nlm.nih.gov/pubmed/28707749
http://dx.doi.org/10.1182/bloodadvances.2016003269
http://www.ncbi.nlm.nih.gov/pubmed/29296960
http://dx.doi.org/10.1681/ASN.2010080857
http://dx.doi.org/10.1136/jcp.2010.079236
http://dx.doi.org/10.1200/JCO.2010.34.3038
http://dx.doi.org/10.1080/13506129.2020.1798224
http://dx.doi.org/10.1016/j.clml.2015.10.003
http://www.ncbi.nlm.nih.gov/pubmed/26632077
http://dx.doi.org/10.3816/CLM.2009.n.059

J. Clin. Med. 2020, 9, 3201 10 of 10

43. Terpos, E.; Katodritou, E.; Tsiftsakis, E.; Kastritis, E.; Christoulas, D.; Pouli, A.; Michalis, E.; Verrou, E,;
Anargyrou, K.; Tsionos, K; et al. Cystatin-C is an independent prognostic factor for survival in multiple
myeloma and is reduced by bortezomib administration. Haematologica 2009, 94, 372-379. [CrossRef]
[PubMed]

44. Bargnoux, A.S.; Kuster, N.; Morena, M.; Baptista, G.; Chenine, L.; Badiou, S.; Leray, H.; Dupuy, A.M,;
Cristol, J.P. How to interpret cardiac biomarkers in renal failure and elderly? Ann. Biol. Clin. 2016, 74,
413-419. [CrossRef] [PubMed]

45. Terpos, E.; Christoulas, D.; Kastritis, E.; Katodritou, E.; Pouli, A.; Michalis, E.; Papassotiriou, I;
Dimopoulos, M.A.; Greek Myeloma Study, G. The Chronic Kidney Disease Epidemiology Collaboration
cystatin C (CKD-EPI-CysC) equation has an independent prognostic value for overall survival in newly
diagnosed patients with symptomatic multiple myeloma; is it time to change from MDRD to CKD-EPI-CysC
equations? Eur. J. Haematol. 2013, 91, 347-355. [CrossRef] [PubMed]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.3324/haematol.2008.000638
http://www.ncbi.nlm.nih.gov/pubmed/19252175
http://dx.doi.org/10.1684/abc.2016.1165
http://www.ncbi.nlm.nih.gov/pubmed/27492694
http://dx.doi.org/10.1111/ejh.12164
http://www.ncbi.nlm.nih.gov/pubmed/23829647
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Patients and Methods 
	Results 
	Patient Characteristics 
	SuPAR and Other Biomarkers in MM and Controls 
	Correlations of suPAR with Disease Characteristics, Renal Function during Upfront Treatment, Cardio-Renal and Inflammatory Biomarkers 

	Discussion 
	References

