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Abstract: The soluble urokinase-type plasminogen activator receptor (suPAR) has evolved as a useful
biomarker for different entities of chronic liver disease. However, its role in patients with primary
sclerosing cholangitis (PSC) is obscure. We analyzed plasma levels of suPAR in 84 patients with
PSC and compared them to 68 patients with inflammatory bowel disease (IBD) without PSC and to
40 healthy controls. Results are correlated with clinical records. suPAR concentrations were elevated
in patients with PSC compared to patients with IBD only and to healthy controls (p < 0.001). Elevated
suPAR levels were associated with the presence of liver cirrhosis (p < 0.001) and signs of portal
hypertension (p < 0.001). suPAR revealed a high accuracy for the discrimination of the presence of
liver cirrhosis comparable to previously validated noninvasive fibrosis markers (area under the curve
(AUC) 0.802 (95%CI: 0.702-0.902)). Further, we demonstrated that suPAR levels may indicate the
presence of acute cholangitis episodes (p < 0.001). Finally, despite the high proportion of PSC patients
with IBD, presence of IBD and its disease activity did not influence circulating suPAR levels. suPAR
represents a previously unrecognized biomarker for diagnosis and liver cirrhosis detection in patients
with PSC. However, it does not appear to be confounded by intestinal inflammation in the context
of IBD.

Keywords: primary sclerosing cholangitis; biomarkers; soluble urokinase plasminogen activator
receptor; liver cirrhosis

1. Introduction

Primary sclerosing cholangitis (PSC) is a rare cholestatic liver disease associated with
chronic inflammation of the biliary epithelium, resulting in multifocal bile duct strictures
of the intra- and/or extrahepatic biliary tree and hepatic fibrosis. It ultimately leads to
liver cirrhosis and end-stage liver disease [1-3]. In up to 80% of cases, a co-occurrence
of inflammatory bowel disease (IBD) has been reported [1]. Despite significant progress
in the molecular understanding of PSC, a major unmet need is the lack of established
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biomarkers for the accurate assessment of disease activity and progression [4,5]. Due
to the low incidence of patients with PSC, analyses of potential biomarkers from well-
characterized large patient cohorts are scarce. Alkaline phosphatase (ALP) and prognostic
risk scores such as the Mayo risk score are frequently used as surrogate endpoints in clinical
trials. However, they also have several limitations. For example, a spontaneous reduction
in ALP levels can occur and does not necessarily reflect the disease state [6-11]. Moreover,
a recent study reported no association between disease activity and ALP levels for over
two years [11]. Therefore, at present, no established markers for reliable identification of
changes in disease activity are available, which makes risk stratification and prognostication
of high-risk patients an irrefutable problem.

Soluble urokinase-type plasminogen activator receptor (suPAR) is a soluble receptor
derived from the cell surface receptor urokinase plasminogen activator receptor (uPAR),
which is expressed by a variety of immune cells, including macrophages, neutrophils
and activated T lymphocytes, as well as endothelial cells [12-15]. Interaction between the
ligand urokinase plasminogen activator (uPA) and its receptor uPAR leads to cell migra-
tion, adhesion, proliferation and fibrinolysis [16,17]. uPA-deficient mice have a complex
phenotype with defects in fibrinolysis, wound healing and neointima formation [18-20].
In the past years, altered circulating suPAR levels have been reported in different types
of cancer as well as inflammatory and infectious diseases, such as sepsis, kidney and
cardiovascular diseases [12,21-26]. Moreover, elevated suPAR levels were described in
many acute and chronic liver diseases, suggesting its application as a valuable biomarker
for risk stratification in chronic liver disease of different etiologies [20,27-31]. However, in
patients with PSC the role of circulating suPAR as a potential biomarker has not yet been
comprehensively elucidated.

Therefore, in this study, we investigated the potential role of circulating suPAR as a
biomarker in a well-characterized and large cohort of patients with PSC. Since the majority
of patients with PSC suffer concomitantly from IBD, we additionally performed an analysis
in a cohort of patients that suffer from IBD but do not have PSC.

2. Patients and Methods
2.1. Study Design and Patient Cohort

In this cross-sectional prospective study, we analyzed circulating levels of suPAR as
a novel diagnostic marker in a cohort of 84 patients with PSC and 68 patients with IBD
only. The IBD cohort included 29 patients with ulcerative colitis (UC) and 39 patients with
Crohn'’s disease (CD). We compared our results to 40 healthy controls. From June 2021 until
recently, we prospectively recruited patients who were admitted to our hepatology and gas-
troenterology unit and specialized outpatient clinics for autoimmune liver diseases and IBD
at Charité Universitidtsmedizin Berlin. Patients with small-duct PSC and PSC patients with
previous transplantations were excluded. Diagnosis of PSC was confirmed in accordance
with the current American College of Gastroenterology guidelines, using a combination of
clinical, biochemical and cholangiographic (magnetic resonance cholangiopancreatography
and/or endoscopic retrograde cholangiopancreatography) features [32-35]. Acute cholan-
gitis was defined according to the revised Tokyo guidelines 2018 based on a combination of
systemic inflammation (fever and/or shaking chills, increase in serum C-reactive protein
levels, abnormal white blood cell counts), cholestasis (jaundice/abnormal liver function
tests) and imaging (biliary dilatation, evidence of the etiology on imaging (stricture, stone,
stent, etc.) [36]. Only cholangitis episodes necessitating hospitalization and intravenous
antibiotic treatment at time of suPAR analysis were included in our analysis. For diagnosis
of autoimmune hepatitis (AIH), simplified diagnostic criteria for AIH in clinical practice
were used. Patients were categorized as overlap PSC/AIH when fulfilling the diagnostic
criteria for AIH and PSC. Diagnosis of hepatobiliary malignancies was confirmed histologi-
cally. Dominant stenosis was defined as stenosis measuring <1.5mm in the common bile
duct or <1.0 mm in the hepatic ducts at cholangiography [37,38]. Detection of fibrosis stage
was carried out using liver stiffness measurement by FibroScanMini430 (Echosens; Paris,
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France) according to current guidelines [39]. The automatic probe selection tool included
in the device’s software automatically measured the probe-to-liver capsule distance and
indicated the probe (M or XL) to be used according to the patient’s morphology. Cut-off
values for fibrosis stages FO-F1, F2, F3 and F4 were <8, 7 kPa, >8, 8 kPa, >9, 6 kPa and >14,
4 kPa, respectively. Liver cirrhosis was diagnosed based on liver stiffness measurement
(cut-off > 14.4 kPa) or presence of (morphological) signs of hepatic decompensation such
as portal hypertension (ascites, esophageal varices) and/or hepatic encephalopathy [39,40].
For comparison of the diagnostic accuracy in estimating the severity of fibrosis, blood-based
biomarkers, such as fibrosis-4 (FIB4) index and aspartate transaminase-to-platelets ratio in-
dex (APRI) were used [41,42]. The Mayo risk score, model of end-stage liver disease (MELD)
and Child-Pugh score (CHILD) were calculated using published algorithms [43-47]. Def-
inition of IBD was based on endoscopic and histological findings according to accepted
criteria [48-50]. Patients with colitis indeterminata (n = 2) were excluded from our study.
Disease activity in patients with IBD was based on Mayo score/disease activity index for
UC and Harvey-Bradshaw index for CD [51,52]. Extraintestinal manifestations in patients
with IBD included arthralgia, uveitis, erythema nodosum, aphtous ulcers, pyoderma gan-
grenosum, anal fissures, fistulas and abscesses (based on the Harvey-Bradshaw index
for CD).

2.2. Measurement of Circulating suPAR Levels

Patients” blood samples were collected and centrifuged for 10 min at 2000 x g, and
heparin plasma aliquots of 1 mL were frozen immediately at —80 °C to avoid repetitive
freeze-thaw cycles until use. Plasma levels of suPAR were measured with suPARnostic®
TurbilLatex test (Nr. T004, suPARnostic, ViroGates, Birkerad, Denmark) on a Cobas ¢501 /502
clinical chemistry analyser (Roche Diagnostics Ltd., Burgess Hill, UK) at Labor Berlin,
the central laboratory of Charité, University Medicine Berlin, Germany. suPARnostic®
TurbiLatex test is a turbidimetric immunoassay that quantitatively measures suPAR in
human plasma samples. In detail, 10 pL of heparin plasma was mixed with 150 pL of
dilution buffer. After an incubation period of 5 min, 50 pL of a suspension of latex particles
coated with rat and mouse monoclonal antibodies to suPAR was added, and suPAR
aggregation started. The level of accumulation was defined by the amount of scattered
light during measurement of light absorption. Linear regression was used to evaluate the
absorbance values and calculate the plasma concentration.

Standard laboratory parameters, such as hemoglobin, leucocytes, platelets, total biliru-
bin, creatinine, aspartate aminotransferase (AST), alanine aminotransferase (ALT), ALP,
gamma-glutamyl transferase (GGT), C-reactive protein (CRP), albumin and international
normalized ratio (INR), were measured at Labor Berlin, the central laboratory of Charité,
University Medicine Berlin, Germany. suPAR concentrations were linked to the patients’
clinical characteristics and correlated to their outcome. Clinical and demographic data
including laboratory parameters were extracted from electronic medical charts.

2.3. Statistical Analysis

Nonparametric data were compared using the Mann-Whitney U-test or the Kruskal—
Wallis test for multiple group comparisons. Frequencies were compared using the x?
test or the Fisher’s exact test, where appropriate. Box plots are displayed, where the
bold line indicates the median per group, and the box represents 50% of the values. The
edges of the box are the first and third quartiles. The horizontal lines show minimum and
maximum values of calculated nonoutlier values. The dots represent calculated outliners.
Nonparametric Spearmen’s rho (two-tailed) correlation was performed to analyze the
correlation between suPAR and continuous variables. We generated receiver operating
characteristic (ROC) curves by plotting the sensitivity (%) against 100% specificity (%).
Youden index method (YI = sensitivity + specificity — 1) was used for calculation of
optimal cut-off values for ROC curves. All statistical analyses were performed with SPSS
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(Version 26.0. Armonk, NY, USA: IBM Corp). A p-value of <0.05 was considered statistically
significant (* p < 0.05; ** p < 0.01; *** p < 0.001).

2.4. Consent

The study protocol was reviewed and approved by the institutional ethics commit-
tee (ethical approval number EA1/142/21) and was performed in accordance with the
Declaration of Helsinki.

3. Results
3.1. Baseline Patient and Clinical Characteristics—PSC Cohort

Our final cohort comprised 84 patients with confirmed PSC, which were compared to
68 patients with confirmed IBD and 40 healthy controls.

The median age of patients with PSC at the time of suPAR analysis was 45 years (20-71).
The median age at initial diagnosis of PSC was 31 years (9—67). Thirty-three percent of the
patients (n = 28) were female, and sixty-seven percent (n = 56) were male. Fourteen patients
(17%) had been diagnosed with an overlap syndrome with autoimmune hepatitis. Sixty
patients (71%) suffered concomitantly from IBD; of these, forty-nine patients (58%) had UC
and six patients (7%) had a diagnosis of CD, while four patients (5%) showed evidence
of both diagnoses. Seventy-eight patients (93%) were treated with ursodeoxycholic acid
(UDCA). Baseline patient and clinical characteristics of the PSC cohort are shown in Table 1.

Table 1. Baseline patient and disease characteristics of the PSC cohort.

PSC Cohort
n=_84
Gender
= Female 28 (33%)
= Male 56 (67%)
Median current age (range) 45 (20-71)
= Age <60 71 (85%)
= Age > 60 13 (15%)
Median age at initial diagnosis (range) 31 (9-67)
Mean BMI [kg/m?] (SD) 24433
= BMI <24 36/69 (52%)
= BMI > 24 33/69 (48%)
Alcohol
= Yes 7 (8%)
= No 77 (92%)
Smoking
= Yes 7 (8%)
= No 77 (92%)
Comorbidities
= Arterial hypertension 16 (19%)
= Diabetes 2 (2%)
= Asthma/COPD 3 (4%)
Overlap syndrome with ATH
= Yes 14 (17%)
= No 70 (83%)
Presence of IBD 60 (71%)
= Ulcerative colitis 50 (60%)
= Crohn’s disease 6 (7%)

= Undetermined 4 (5%)




J. Clin. Med. 2022, 11, 2479

50f17

Table 1. Cont.

PSC Cohort
n=2_84
Presence of liver cirrhosis
= Yes 27 (32%)
= No 57 (68%)
CHILD classification
= A 16/27 (59%)
= B 8/27 (30%)
n C 3/27 (11%)
Portal hypertension
= Yes 24 (29%)
= No 60 (71%)
Esophageal varices
= No 67 (80%)
= Gradel 10/17 (59%)
= Grade Il 3/17 (18%)
= Grade III 4/17 (24%)
Ascites
= Yes 11 (13%)
= No 73 (87%)
Acute Cholangitis
= Yes 9 (11%)
= No 75 (89%)
Dominant Stenosis
= Yes 53 (63%)
= No 31 (37%)
UDCA treatment
= Yes 78 (93%)
= No 6 (7%)

Data are n (%) of patients, if not indicated otherwise. The percentages were rounded and may not total 100%.
Significant results (p < 0.05) are shown in bold type. Primary sclerosing cholangitis (PSC), body mass index
(BMI); standard deviation (SD); chronic obstructive pulmonary disease (COPD); autoimmune hepatitis (AIH);
inflammatory bowel disease (IBD); Child-Pugh Score (CHILD), ursodeoxycholic acid (UDCA).

3.2. Circulating suPAR Is Elevated in Patients with PSC

First, we compared levels of circulating suPAR in plasma of 84 patients with PSC
and 40 healthy controls. Our data revealed increased suPAR plasma concentrations in the
PSC cohort compared to healthy controls (p < 0.001) (Figure 1A). For quantification of the
discriminatory power of suPAR to distinguish between PSC and healthy, we performed
receiver operating characteristic (ROC) curve analyses and revealed an area under the
curve (AUC) of 0.724 (95% confidence interval (CI): 0.641-0.816). At the optimal cut-off
value of 3.96 ng/mL, suPAR showed a sensitivity of 67% and 73% for identification of PSC
(Figure 1B).
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Figure 1. Plasma suPAR levels are elevated in patients with PSC. Circulating soluble urokinase-
type plasminogen activator receptor (suPAR) levels are elevated in patients with PSC compared to
healthy controls (p < 0.001). Box plots are displayed, where the bold line indicates the median per
group, and the edges of the box are the first and third quartiles. The horizontal lines show minimum
and maximum values of calculated nonoutlier values. The dots represent calculated outliners (A).
Application of receiver operating characteristic (ROC) curve analyses to quantify the discriminatory
power of suPAR revealed an area under the curve (AUC) of 0.728 (95% confidence interval (CI):
0.641-0.816) (B). Soluble urokinase-type plasminogen activator receptor (suPAR). Area under the
curve (AUC). (*** p < 0.001).

3.3. suPAR Levels in PSC Patients Are not Associated with Metabolic Risk Factors
or Comorbidities

Since suPAR levels in patients with PSC compared to healthy controls revealed such a
striking difference, we hypothesized that suPAR levels might be indicative of specific pa-
tient characteristics. Since alterations in suPAR concentrations have been already reported
in the context of cardiovascular and metabolic diseases, we analyzed whether the presence
of age >60, body mass index (BMI) >24 kg/m?, arterial hypertension, diabetes mellitus and
smoking might influence plasma suPAR levels in patients with PSC [53-55]. Of note, in
our study cohort, suPAR concentrations were not associated with the presence of these risk
factors or medical conditions (Supplementary Figure S1A-E), which might be related to the
young age of our PSC patient cohort and PSC patients in general. Furthermore, levels of
circulating suPAR were not associated with gender (Supplementary Figure S1F).

3.4. Increased suPAR Levels in PSC Patients Are Associated with the Presence of Liver Cirrhosis

Further analysis revealed a strong association of suPAR levels with the presence of liver
cirrhosis. SuPAR levels were increased in patients with PSC and liver cirrhosis compared to
patients with PSC and without liver cirrhosis (p < 0.001) (Figure 2A). Moreover, an increase
with higher CHILD stages (p = 0.11) and MELD scores could be detected (p < 0.001; r = 0.547)
(Figure 2B,C). Figure 2D displays the increase in circulating suPAR levels with increasing
fibrosis stage (p = 0.017; FO vs. F4 p = 0.001). ROC curve analysis for suPAR revealed an AUC
value of 0.802 (95%CI: 0.702-0.902) for the discrimination between PSC patients with and
without liver cirrhosis. We applied the Youden index method and generated an ideal cut-off
value of 5.35 ng/mL, at which suPAR plasma levels demonstrated a diagnostic sensitivity
and specificity of 85% and 73%, respectively. To analyze suPAR’s diagnostic accuracy in
detecting liver cirrhosis, we compared it to non-disease-specific blood-based biomarkers
such as the FIB4 index and APRI score [39]. SuPAR revealed an AUC comparable to the FIB4
index (AUC 0.836; 95%CI (0.752-0.920) and APRI score (AUC 0.866; 95%CI (0.789-0.944).
Notably, combining circulating suPAR and the APRI score even further improved the
diagnostic power for the discrimination of the presence of liver cirrhosis with a sensitivity
of 89% and specificity of 77% (AUC 0.859 (95%CI (0.780-0.938)) (Figure 2E). The subdivision
of our cohort into patients with no to mild fibrosis (F0-F2) and patients with a higher degree
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Figure 2. suPAR is associated with the presence of liver cirrhosis. Soluble urokinase-type plas-
minogen activator receptor (suPAR) is elevated in patients with liver cirrhosis (p < 0.001) (A). suPAR
is linked to an increasing Child—Pugh score (CHILD) in patients with liver cirrhosis (p = 0.019; A-C:
p = 0.047; B-C: p = 0.046; A-B: n.s.) (B). In line with this, according to Spearman rank correla-
tion, suPAR increases with increasing model of end-stage liver disease (MELD) score (p > 0.001;
r = 0.547) (C). Subdivision of groups with different fibrosis stages revealed an elevation in suPAR
levels (p = 0.017; F1 vs. F4 p = 0.001; F1-F2: n.s.; F1-F3: n.s.;F2-F3: n.s.) (D). suPAR revealed a high
accuracy for the discrimination of the presence of liver cirrhosis (area under the curve (AUC) 0.802
(95%CI: 0.702-0.902), which is comparable to previously validated noninvasive fibrosis markers such
as the fibrosis-4 (FIB4) index (AUC 0.836; 95%CI (0.752-0.920) and aspartate transaminase-to-platelets
ratio index (APRI) score (AUC 0.866; 95%CI (0.789-0.944). The combination of suPAR and APRI score
further improved the diagnostic power for the discrimination of the presence of liver cirrhosis (AUC
0.859 (95%CI (0.780-0.938)) (E). Subdivision of our cohort into patients with no to mild fibrosis (FO-F2)
and patients with a higher degree of fibrosis (F3-F4) demonstrated a lower AUC of 0.771 (95%CI
(0.669-0.874) for suPAR. However, the AUC was still comparable to the FIB4 index (AUC 0.812;
95%ClI (0.720-0.905) and APRI score (AUC 0.844; 95%CI (0.754-0.935) (F). Box plots are displayed,
where the bold line indicates the median per group and the edges of the box are the first and third
quartiles. The horizontal lines show minimum and maximum values of calculated nonoutlier values.
The dots represent calculated outliners. Soluble urokinase-type plasminogen activator receptor
(suPAR). Child-Pugh Score (CHILD). Model of end-stage liver disease (MELD). Fibrosis-4 (FIB4)
index. Aspartate transaminase-to-platelets ratio index (APRI). (* p < 0.05; *** p < 0.001).

Consistent with our results, further analysis with Spearman rank correlation revealed
an association between suPAR and the FIB4 index (p < 0.001; r = 0.576) and liver stiffness
(p < 0.001; r = 0.581) (Supplementary Figure S2A,B). In line with this, liver synthesis
parameters, such as bilirubin (p < 0.001; r = 0.525), albumin (p < 0.001; r = —0.638), platelets
(p <0.001; r = —0.413) and prothrombin (p < 0.001; r = —0.5), correlated with suPAR levels
(Supplementary Figure S2C-F). Moreover, patients with liver cirrhosis and apparent portal
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hypertension, such as ascites, esophageal varices or splenomegaly, revealed higher suPAR
levels compared to patients without signs of portal hypertension (p < 0.001). Analysis of
these particular factors individually revealed higher suPAR levels in patients with ascites
(p < 0.001), esophageal varices (p < 0.001) and splenomegaly (p = 0.03) (Supplementary
Figure S3).

3.5. suPAR Is Elevated in PSC Patients with Acute Cholangitis but Does Not Indicate the Presence
of Dominant Stenosis

The clinical course of progressive PSC is characterized by recurrent episodes of cholan-
gitis, which is a complication of PSC that is closely linked to an increased risk for hepatic
decompensation [56]. Our analysis revealed a significant elevation in suPAR levels in
patients with acute cholangitis episodes (p < 0.001) (Figure 3A). In line with this, Spearman
rank correlation showed a significant positive correlation between circulating suPAR levels
and CRP values (p < 0.001; r = 0.641) (Figure 3B). Since up to 50% of patients with PSC
develop inflammatory strictures in the biliary tree, which cause jaundice and bacterial
cholangitis as well as predilection spots for development of neoplastic transformation,
we next hypothesized that the presence of dominant stenoses (detected via endoscopic
retrograde cholangiography—pancreatography (ERCP) and/or magnetic resonance cholan-
giopancreatography (MRCP) imaging) might be linked to higher suPAR levels [57-60].
However, suPAR levels of patients with and without dominant stenosis displayed similar
suPAR concentrations (Figure 3C).

35 = - %0 35 n.s.
A B | . r=0.641 ¢ -
. p <0.001 5
30 30 . 30
_ 25 20 —_ 25
-l — = o
E Z E
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Figure 3. suPAR levels indicate acute cholangitis but not the presence of a dominant stenosis. Our
analysis revealed a significant elevation in soluble urokinase-type plasminogen activator receptor
(suPAR) levels in patients with acute cholangitis episodes compared to patients without acute
cholangitis (p < 0.001) (A). In line with this, Spearman rank correlation showed a positive correlation
between circulating suPAR levels and CRP values (p < 0.001; r = 0.641) (B). However, circulating
suPAR levels did not indicate the presence of dominant stenosis (C). Box plots are displayed, where
the bold line indicates the median per group and the edges of the box are the first and third quartiles.
The horizontal lines show minimum and maximum values of calculated nonoutlier values. The
dots represent calculated outliners. Soluble urokinase-type plasminogen activator receptor (suPAR).
(***p <0.001).

3.6. suPAR Correlates with Prognostic Parameters in PSC Patients

Further, we performed additional Spearman rank correlation and compared suPAR to
the most widely used prognostic biomarkers, ALP and the Mayo risk score, revealing a
significant positive correlation for both parameters (Mayo risk score: p < 0.001, r = 0.649;
ALP: p =0.001; r = 0.343) (Supplementary Figure 54).
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3.7. suPAR Levels Are not Elevated in Patients with IBD and Do Not Reflect Disease Activity

In the next step, we analyzed whether the presence of overlap syndrome or IBD is
linked to suPAR levels in PSC patients, revealing similar suPAR levels in both cohorts
(Supplementary Figure S5). Considering the high number of patients with PSC suffering
concomitantly from IBD (n = 60; 71%), we aimed to find out whether plasma suPAR
concentrations are elevated in patients with and without IBD. Therefore, we compared
suPAR levels in 68 patients with IBD only (CD: n = 39; UC: n = 29) to suPAR levels in
40 healthy controls. Our IBD cohort comprised 44 (65%) male and 24 (35%) female patients
with a median age of 42 years (18-88 years). The main IBD manifestation sites were the
colon (n = 39; 57%), ileum only (n = 19; 28%), ileocolon (1 = 6; 9%), the small intestine
(n = 3; 4%) and the upper gastrointestinal system (1 = 1; 2%). Twenty-eight percent of our
patients with IBD developed extraintestinal manifestations. Baseline patient and clinical
characteristics as well as laboratory parameters of the IBD cohort are outlined in Table 2
and Supplementary Table S1.

Table 2. Baseline patient and disease characteristics of the IBD cohort.

All IBD Patients Crohn’s Disease Ulcerative Colitis Value
n=68 n=39 n=29 v
Gender
= Female 24 (35%) 14 (36%) 10 (35%) 0.555
= Male 44 (65%) 25 (64%) 19 (66%)
Median current age (range) 42 (18-88) 48 (18-86) 38 (22-88) 0.624
Median age at initial diagnosis (range) 30 (13-77) 30 (13-77) 27 (13-62) 0.827
Mean BMI (SD) 24 +49 24 +5.3 24 (16-31) 0.442
Comorbidities
= Arterial hypertension 15 (21%) 10 (26%) 5 (17%) 0.301
= Diabetes 3 (4%) 1 (3%) 2 (7%) 0.389
= Asthma/COPD 9 (13%) 5 (13%) 4 (14%) 0.591
Extraintestinal Manifestation
= Yes 19 (28%) 12 (31%) 7 (24%) 0.373
= No 51 (73%) 27 (69%) 22 (76%)
Disease activity at time of analysis
= No disease activity 36 (53%) 20 (51%) 16 (55%)
= Yes 32 (47%) 19 (49%) 13 (45%) 0.169
= Mild 18 (27%) 14 (36%) 4 (14%) :
= Moderate 12 (18%) 4 (10%) 8 (28%)
= High 2 (3%) 1 (3%) 1 (3%)
IBD manifestation side
= Upper GI tract (esophagus, duodenum) 1(2%) 1 (3%)
= Small intestine (duodenum, jejunum, ileum) 3 (4%) 3 (8%) 0.001
® Ileum only 19 (28%) 19 (49%) <0
= Jleocolon 6 (9%) 5 (13%) 1 (3%)
= Colon 39 (57%) 11 (28%) 28 (97%)
Surgery
= Yes 21 (31%) 17 (44%) 4 (14%) 0.008
= No 47 (69%) 22 (56%) 25 (86%)
Development of colorectal carcinoma
= Yes 2 (3%) 2 (5%) 0 (0%) 0.325
= No 56 (97%) 27 (95%) 29 (100%)

Data are n (%) of patients, if not indicated otherwise. The percentages were rounded and may not total 100%.
Significant results (p < 0.05) are shown in bold type. Inflammatory bowel disease (IBD). Gastrointestinal (GI).

Our data demonstrated similar suPAR levels in patients with IBD compared to healthy
controls regardless of the presence of CU or CD, respectively (Figure 4A,B). Moreover,
suPAR concentrations were not linked to the IBD manifestation side nor to the disease
activity in patients with IBD and CU and CD, respectively (Figure 4C-E). In the next
step, we performed Spearman rank correlation of suPAR levels in patients with CD and
UG, revealing a positive correlation between suPAR and CRP levels in patients with CD
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(p =0.003; r = 0.473) (Figure 5A). Our analysis showed no link between suPAR and CRP
levels in patients with UC (r = 0.315; p = 0.096) (Figure 5B). SuPAR levels were not linked to
calprotectin levels in patients with CD and UC, respectively (Figure 5C,D).
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Figure 4. suPAR levels are not increased in patients with inflammatory bowel disease. Compared
to healthy controls, soluble urokinase-type plasminogen activator receptor (suPAR) levels were
elevated in patients with PSC (p < 0.001), but not in patients with inflammatory bowel disease (IBD)
(A). Moreover, suPAR levels were independent of the presence of colitis ulcerosa (CU) and Crohn’s
disease (CD) (B). suPAR levels did not differ depending on the IBD manifestation side (C), and they
did not reflect the disease activity in patients with CU (D) and CD, respectively (E). Box plots are
displayed, where the bold line indicates the median per group and the edges of the box are the
first and third quartiles. The horizontal lines show minimum and maximum values of calculated
nonoutlier values. The dots represent calculated outliners. Soluble urokinase-type plasminogen
activator receptor (suPAR). Colitis ulcerosa (CU) and Crohn’s disease (CD). (*** p < 0.001).

Taken together, here we present, in a cross-sectional study comprising a well-characterized
and large cohort of patients with PSC, that plasma levels of suPAR are elevated in patients
with PSC and reflect the degree of fibrosis. Further, we demonstrate that suPAR levels can
indicate the presence of acute cholangitis episodes. However, despite the high proportion
of PSC patients with IBD, the presence of IBD and its IBD disease activity did not influence
suPAR levels.
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Figure 5. suPAR levels correlate with CRP levels in patients with CD. Soluble urokinase-type
plasminogen activator receptor (suPAR) levels correlated with C-reactive protein (CRP) in patients
with Crohn’s disease (CD). Spearman rank correlation revealed a positive correlation between suPAR
and CRP levels in patients with CD (p = 0.003; r = 0.473), but not in patients with ulcerative colitis
(UC) (p = 0.096; r = 0.315) (A,B). Spearman rank correlation of suPAR and fecal calprotectin levels in
patients with UC demonstrated no significant association; however, a tendency towards a significant
positive correlation could be detected (p = 0.075; r = 0.619). In contrast, suPAR levels appeared to
be independent of fecal calprotectin levels in patients with CD (p = 0.075; r = 0.619) and CU (p = 0.8;
r = 0.078) (C,D). Soluble urokinase-type plasminogen activator receptor (suPAR). Gastrointestinal
(GI). Colitis ulcerosa (CU). Crohn’s disease (CD). C-reactive protein (CRP).

4. Discussion

Despite the progressive nature of PSC, there have only been a few advances in the
establishment of diagnostic and prognostic biomarkers. To our knowledge, the present
study is the first to evaluate suPAR as a biomarker in a well-characterized large cohort of
patients with PSC, using patients with IBD as a control cohort. Previously, Loosen et al.
compared suPAR levels in patients with biliary tract cancer to eleven patients with PSC
who showed no evidence of cancer. In line with our results, suPAR levels in patients with
PSC were increased compared to healthy controls, but lower than in patients with biliary
tract cancer [61].

We report that suPAR could represent a promising candidate for fibrosis detection
in patients with PSC since we revealed that a higher degree of fibrosis is linked to higher
suPAR levels. Moreover, the specificity and sensitivity of suPAR were comparable to
well-established fibrosis scores such as the FIB4 index and APRI score. Consistent with our
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findings, previous studies have already pointed out that systemic suPAR levels correlate
with liver fibrosis in the absence of systemic inflammation with different entities of chronic
liver diseases, including nonalcoholic fatty liver disease (NAFLD), hepatitis B, hepatitis C
and alcoholic liver disease [20,27,28,30,62,63]. The identification of individuals with severe
liver fibrosis among patients with chronic liver disease is crucial for the accurate evaluation
of disease activity, disease progression, and risk-stratification as well as therapy decisions.
At present, percutaneous liver biopsy is still considered the most important diagnostic
tool for the staging of liver fibrosis. However, it is not only limited by significant rates of
complications, but also by the subjectivity of interpretation as well as a sampling variability
of 20% [4,10,64]. Noninvasive methods such as measurement of liver stiffness are helpful,
but their use is time-consuming and their availability often limited to hepatologic centers.
Thus, further reliable noninvasive markers of liver fibrosis are needed [39,62].

From a molecular perspective, liver fibrosis is the result of a continuous inflamma-
tory process and an imbalance between the production of the extracellular matrix and its
degradation. The urokinase plasminogen activator receptor (uPAR) is expressed on most
leucocytes, which play a pivotal role in the pathogenesis of hepatic inflammation and fibro-
sis, including neutrophils, lymphocytes, monocytes and macrophages [16,17]. In particular,
activated monocytes and liver-resident macrophages are assumed to be the major source of
circulating suPAR in patients with cirrhosis even in the absence of overt infection [29,65].
uPA-deficient mice have a complex phenotype with defects in fibrinolysis, wound healing
and neointima formation [18-20]. May et al. found that beta 2 integrin-mediated adhesion
of leukocyte—endothelial cell interactions and recruitment to inflamed areas require the
presence of uPAR [66]. Notably, mice deficient in uPA and uPAR were protected from
hepatic fibrosis in experimental liver injury models, probably due to immunomodulatory
actions of uPA in hepatic fibrogenesis. Based on their experimental studies involving uPA
and uPAR knock-out mice, Higazi et al. concluded that plasminogen activators affect
fibrosis partly by liver-specific activation of CD8 cells, which regulate the fibrogenic activity
of hepatic stellate cells [20,67]. However, further investigations, including human models,
are needed to determine whether suPAR represents an epiphenomenon or if it plays an
active role in the development of liver fibrosis.

suPAR is considered as a biomarker with little circadian changes in plasma concen-
trations and high stability in serum samples [68-71]. In our study, suPAR levels were
independent of patients” age and sex, highlighting the stability of this marker in the con-
text of PSC. Contrary to previous studies, which revealed a link between elevated suPAR
levels and cardiovascular diseases, diabetes, age and even sex in the general population,
we could not find a link between suPAR levels and these particular factors [54]. In line
with our results, Sjowall and colleagues showed no association between the presence of
diabetes, gender or a higher BMI in patients with chronic hepatitis C [62]. However, they
could demonstrate that suPAR levels were age-dependent in patients with hepatitis C and
NAFLD [62].

A prognostically relevant risk factor of PSC is the occurrence of recurrent and poten-
tially lethal cholangitis episodes, which are triggered by bile stasis caused by the presence of
a dominant stenosis in the bile ducts. We found that suPAR levels correlate with CRP levels
in patients with PSC and that suPAR levels can indicate the presence of acute cholangitis
episodes, which is consistent with previous findings suggesting the involvement of suPAR
in systemic inflammatory responses [71]. Moreover, our data revealed that suPAR correlates
with prognostic markers such as ALP and the Mayo risk score. However, the prognostic
value of suPAR in PSC patients has not been analyzed yet and makes further investigation
necessary. Prospective clinical trials, comparing the prognostic value of suPAR in respect to
surrogate endpoints such as transplant-free survival, death, hepatic decompensation and
development of malignancies should be performed in the near future.

To our knowledge, at present, there are only two small-sized studies (n < 40) that
have investigated suPAR levels in IBD patients. Our data demonstrated similar suPAR
levels in patients with IBD compared to healthy controls, neither reflecting the disease
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activity nor the IBD manifestation side. These results are in line with a previous study in
pediatric IBD patients [72]. In contrast, Lonnkvist et al. found elevated suPAR levels in
adult patients with CD. Interestingly, these levels remained unchanged after treatment
initiation with infliximab [73]. CRP is one of the few biomarkers that has shown predictive
qualities regarding severe CD ileitis [74]. In our study, CRP levels in patients with CD but
not CU correlated with suPAR levels. This is not surprising since CRP has shown predictive
qualities in severe CD ileitis [75]. Moreover, suPAR levels in plasma were comparable in
CD and UC, mirroring the fact that most patients with CD showed colonic or ileocolonic
disease [72]. Despite the ability of suPAR to reflect disease activity in the liver, our results
corroborate the notion that suPAR is not an accurate marker of intestinal inflammatory
activity in the context of IBD. However, due to contradictory results in previous studies,
large-sample-sized longitudinal studies are needed to better address this question.

The main limitations of our prospective cross-sectional study were the monocenter
trial design and the lack of longitudinal measurements for further analysis of suPAR
fluctuations, e.g., during endoscopic treatment. In addition, in our study, fibrosis detection
was based only on liver stiffness measurements and not on a liver biopsy, which is still
considered the gold standard for fibrosis detection.

In conclusion, our data suggest that suPAR might be a clinically useful diagnostic
marker for patients with PSC and, in particular, for the detection of fibrosis stage and
acute cholangitis episodes in patients with PSC. Moreover, we report that suPAR is not
confounded by the presence or disease activity of IBD. Our results warrant both prospective
cross-sectional and longitudinal clinical studies with larger patient cohorts as well as
experimental studies to further explore suPAR as a biomarker and its specific effects and
regulatory mechanisms in patients with PSC.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jcm11092479 /51, Table S1. Laboratory parameters of the PSC
cohort. Table S2. Laboratory parameters of the IBD cohort. Figure S1. Circulating soluble urokinase-
type plasminogen activator receptor (suPAR) levels were independent of age (A) Body Mass Index
(BMI) (B), the presence of arterial hypertension (C), diabetes (D), smoking (E) and gender (F). Box
plots are displayed, where the bold line indicates the median per group and the edges of the box are
the first and third quartiles. The horizontal lines show minimum and maximum values of calculated
nonoutlier values. Soluble urokinase-type plasminogen activator receptor (suPAR). Body Mass
Index (BMI). Figure S2. Spearman rank correlation revealed a link between soluble urokinase-type
plasminogen activator receptor (suPAR) and Fibrosis4 (FIB4) index (p < 0.001; r = 0.576) (A) and liver
stiffness (p < 0.001; r = 0.581) (B) respectively. In line, liver synthesis parameters such as bilirubin
(p <0.001; r = 0.525) (C), albumin (p < 0.001; r = —0.638) (D), platelet count (p < 0.001; r = —0.413)
(E) and prothrombin (p < 0.001; r= —0.5) (F) correlated with suPAR levels. Soluble urokinase-type
plasminogen activator receptor (suPAR). Figure S3. Soluble urokinase-type plasminogen activator
receptor (suPAR) levels are increased in patients with signs of portal hypertension. Patients with
signs of portal hypertension such as ascites, esophageal varices or splenomegaly revealed higher
suPAR levels compared to patients without signs of portal hypertension (p < 0.001) (A). In particular,
suPAR levels were elevated in patients with ascites (p < 0.001) (B), esophageal varices (p < 0.001)
(C) and splenomegaly (p = 0.03) (D). Box plots are displayed, where the bold line indicates the
median per group and the edges of the box are the first and third quartiles. The horizontal lines show
minimum and maximum values of calculated nonoutlier values. Soluble urokinase-type plasminogen
activator receptor (suPAR). Figure S4. Soluble urokinase-type plasminogen activator receptor (suPAR)
levels are linked to prognostic parameters in PSC patients. Spearman rank correlation revealed an
association of suPAR levels with prognostic markers such as the Mayo Risk score (p < 0.001, r = 0.649)
(A) and alkaline phosphatase (ALP) (p = 0.001; r = 0.343) (B). Figure S5. Soluble urokinase-type
plasminogen activator receptor (suPAR) levels in patients with PSC are independent of the presence
of autoimmune hepatitis (AIH) (A) and inflammatory bowel disease (IBD) (B). Box plots are displayed,
where the bold line indicates the median per group and the edges of the box are the first and third
quartiles. The horizontal lines show minimum and maximum values of calculated nonoutlier values.
Soluble urokinase-type plasminogen activator receptor (suPAR). Primary Sclerosing Cholangitis
(PSC). Autoimmune hepatitis (AIH). Inflammatory bowel disease (IBD).
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ALT Alanine aminotransferase

ALP Alkaline phosphatase

AUC Area under the curve

AST Aspartate aminotransferase

APRI Aspartate transaminase-to-platelets ratio index
AIH Autoimmune hepatitis

BMI Body mass index

CRP C-reactive protein

CHILD Child-Pugh Score

ClI Confidence interval

CD Crohn’s disease

ERCP Endoscopic retrograde cholangiography—pancreatography
FIB4 index  Fibrosis-4

GGT Gamma-glutamyl transferase

IBD Inflammatory bowel disease

INR International normalized ratio

MRCP Magnetic resonance cholangiopancreatography
MELD Model of end-stage liver disease

NAFLD Nonalcoholic fatty liver disease

PSC Primary sclerosing cholangitis

ROC Receiver operating characteristic

suPAR Soluble urokinase-type plasminogen activator receptor
ucC Ulcerative Colitis

uPA Urokinase plasminogen activator

uPAR Urokinase plasminogen activator receptor

1.  Lazaridis, K.N.; LaRusso, N.F. Primary Sclerosing Cholangitis. N. Engl. |. Med. 2016, 375, 1161-1170. [CrossRef] [PubMed]
2. Eaton, ].E,; Talwalkar, J.A.; Lazaridis, K.N.; Gores, G.J.; Lindor, K.D. Pathogenesis of primary sclerosing cholangitis and advances
in diagnosis and management. Gastroenterology 2013, 145, 521-536. [CrossRef] [PubMed]


http://doi.org/10.1056/NEJMra1506330
http://www.ncbi.nlm.nih.gov/pubmed/27653566
http://doi.org/10.1053/j.gastro.2013.06.052
http://www.ncbi.nlm.nih.gov/pubmed/23827861

J. Clin. Med. 2022, 11, 2479 15 of 17

@

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Hirschfield, G.M.; Karlsen, T.H.; Lindor, K.D.; Adams, D.H. Primary sclerosing cholangitis. Lancet 2013, 382, 1587-1599. [CrossRef]
Karlsen, T.H.; Vesterhus, M.; Boberg, K.M. Review article: Controversies in the management of primary biliary cirrhosis and
primary sclerosing cholangitis. Aliment. Pharmacol. Ther. 2014, 39, 282-301. [CrossRef]

Chapman, M.H.; Thorburn, D.; Hirschfield, G.M.; Webster, G.G.].; Rushbrook, S.M.; Alexander, G.; Collier, J.; Dyson, ].K.; Jones,
D.E.; Patanwala, I.; et al. British Society of Gastroenterology and UK-PSC guidelines for the diagnosis and management of
primary sclerosing cholangitis. Gut 2019, 68, 1356-1378. [CrossRef]

Rupp, C.; Rossler, A.; Halibasic, E.; Sauer, P.; Weiss, K.H.; Friedrich, K.; Wannhoff, A ; Stiehl, A.; Stremmel, W.; Trauner, M.; et al.
Reduction in alkaline phosphatase is associated with longer survival in primary sclerosing cholangitis, independent of dominant
stenosis. Aliment. Pharmacol. Ther. 2014, 40, 1292-1301. [CrossRef]

de Vries, EM.; Wang, J.; Leeflang, M.M.; Boonstra, K.; Weersma, R.K.; Beuers, U.H.; Geskus, R.B.; Ponsioen, C.Y. Alkaline
phosphatase at diagnosis of primary sclerosing cholangitis and 1 year later: Evaluation of prognostic value. Liver Int. 2016, 36,
1867-1875. [CrossRef]

Bakhshi, Z.; Hilscher, M.B.; Gores, G.J.; Harmsen, W.S.; Viehman, J.K.; LaRusso, N.E.; Gossard, A.A.; Lazaridis, K.N.; Lindor,
K.D.; Eaton, J.E. An update on primary sclerosing cholangitis epidemiology, outcomes and quantification of alkaline phosphatase
variability in a population-based cohort. J. Gastroenterol. 2020, 55, 523-532. [CrossRef]

Fossdal, G.; Mjelle, A.B.; Wiencke, K.; Bjork, I.; Gilja, O.H.; Folseraas, T.; Karlsen, T.H.; Rosenberg, W.; Giil, L.M.; Vesterhus, M.
Fluctuating biomarkers in primary sclerosing cholangitis: A longitudinal comparison of alkaline phosphatase, liver stiffness, and
ELF. JHEP Rep. 2021, 3, 100328. [CrossRef]

de Vries, E.M.; Beuers, U.; Ponsioen, C.Y. Biomarkers for disease progression of primary sclerosing cholangitis. Curr. Opin.
Gastroenterol. 2015, 31, 239-246. [CrossRef]

Trivedi, PJ.; Muir, A.]J.; Levy, C.; Bowlus, C.L.; Manns, M.P; Lu, X.; Crans, G.; Chung, C.; Subramanian, G.M.; Myers, R.P; et al.
Inter- and Intra-individual Variation, and Limited Prognostic Utility, of Serum Alkaline Phosphatase in a Trial of Patients with
Primary Sclerosing Cholangitis. Clin. Gastroenterol. Hepatol. 2021, 19, 1248-1257. [CrossRef] [PubMed]

Thune, M.; Macho, B.; Eugen-Olsen, J. suPAR: The molecular crystal ball. Dis. Markers 2009, 27, 157-172. [CrossRef] [PubMed]
Wei, C.; Moller, C.C.; Altintas, M.M.; Li, J.; Schwarz, K.; Zacchigna, S.; Xie, L.; Henger, A.; Schmid, H.; Rastaldi, M.P; et al.
Modification of kidney barrier function by the urokinase receptor. Nat. Med. 2008, 14, 55-63. [CrossRef] [PubMed]

Montuori, N.; Ragno, P. Multiple activities of a multifaceted receptor: Roles of cleaved and soluble uPAR. Front. Biosci. (Landmark
Ed) 2009, 14, 2494-2503. [CrossRef]

Guthaus, E.; Schmiedeberg, N.; Biirgle, M.; Magdolen, V.; Kessler, H.; Schmitt, M. The urokinase receptor (uUPAR, CD87) as a target
for tumor therapy: uPA-silica particles (SP-uPA) as a new tool for assessing synthetic peptides to interfere with uPA /uPA-receptor
interaction. Recent Results Cancer Res. 2003, 162, 3-14. [CrossRef]

Blasi, F.; Carmeliet, P. uPAR: A versatile signalling orchestrator. Nat. Rev. Mol. Cell Biol. 2002, 3, 932-943. [CrossRef]

Smith, H.W.; Marshall, C.J. Regulation of cell signalling by uPAR. Nat. Rev. Mol. Cell Biol. 2010, 11, 23-36. [CrossRef]

Carmeliet, P.; Schoonjans, L.; Kieckens, L.; Ream, B.; Degen, J.; Bronson, R.; De Vos, R.; van den Oord, ].J.; Collen, D.; Mulligan,
R.C. Physiological consequences of loss of plasminogen activator gene function in mice. Nature 1994, 368, 419-424. [CrossRef]
Carmeliet, P.; Moons, L.; Ploplis, V.; Plow, E.; Collen, D. Impaired arterial neointima formation in mice with disruption of the
plasminogen gene. J. Clin. Investig. 1997, 99, 200-208. [CrossRef]

Zimmermann, HW.; Koch, A.; Seidler, S.; Trautwein, C.; Tacke, F. Circulating soluble urokinase plasminogen activator is elevated
in patients with chronic liver disease, discriminates stage and aetiology of cirrhosis and predicts prognosis. Liver Int. 2012, 32,
500-509. [CrossRef]

Mazar, A.P. The urokinase plasminogen activator receptor (uPAR) as a target for the diagnosis and therapy of cancer. Anticancer
Drugs 2001, 12, 387-400. [CrossRef] [PubMed]

Ni, W,; Han, Y.; Zhao, J.; Cui, ].; 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]
[PubMed]

Donadello, K.; Scolletta, S.; Covajes, C.; Vincent, ].L. suPAR as a prognostic biomarker in sepsis. BMC Med. 2012, 10, 2. [CrossRef]
[PubMed]

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

Gussen, H.; Hohlstein, P,; Bartneck, M.; Warzecha, K.T.; Buendgens, L.; Luedde, T.; Trautwein, C.; Koch, A.; Tacke, F. Neutrophils
are a main source of circulating suPAR predicting outcome in critical illness. J. Intensive Care 2019, 7, 26. [CrossRef]

Ozdirik, B.; Stueven, A.; Knorr, J.; Geisler, L.; Mohr, R.; Demir, M.; Hellberg, T.; Loosen, S.H.; Benz, F.,; Wiedenmann, B.; et al.
Soluble Urokinase Plasminogen Activator Receptor (suPAR) Concentrations are Elevated in Patients with Neuroendocrine
Malignancies. J. Clin. Med. 2020, 9, 1647. [CrossRef]

Zhou, H.; Wu, X,; Lu, X,; Chen, G.; Ye, X.; Huang, J. Evaluation of plasma urokinase-type plasminogen activator and urokinase-
type plasminogen-activator receptor in patients with acute and chronic hepatitis B. Thromb. Res. 2009, 123, 537-542. [CrossRef]
Berres, M.L.; Schlosser, B.; Berg, T.; Trautwein, C.; Wasmuth, H.E. Soluble urokinase plasminogen activator receptor is associated
with progressive liver fibrosis in hepatitis C infection. J. Clin. Gastroenterol. 2012, 46, 334-338. [CrossRef]


http://doi.org/10.1016/S0140-6736(13)60096-3
http://doi.org/10.1111/apt.12581
http://doi.org/10.1136/gutjnl-2018-317993
http://doi.org/10.1111/apt.12979
http://doi.org/10.1111/liv.13110
http://doi.org/10.1007/s00535-020-01663-1
http://doi.org/10.1016/j.jhepr.2021.100328
http://doi.org/10.1097/MOG.0000000000000163
http://doi.org/10.1016/j.cgh.2020.07.032
http://www.ncbi.nlm.nih.gov/pubmed/32707342
http://doi.org/10.1155/2009/504294
http://www.ncbi.nlm.nih.gov/pubmed/19893210
http://doi.org/10.1038/nm1696
http://www.ncbi.nlm.nih.gov/pubmed/18084301
http://doi.org/10.2741/3392
http://doi.org/10.1007/978-3-642-59349-9_1
http://doi.org/10.1038/nrm977
http://doi.org/10.1038/nrm2821
http://doi.org/10.1038/368419a0
http://doi.org/10.1172/JCI119148
http://doi.org/10.1111/j.1478-3231.2011.02665.x
http://doi.org/10.1097/00001813-200106000-00001
http://www.ncbi.nlm.nih.gov/pubmed/11395568
http://doi.org/10.1038/srep39481
http://www.ncbi.nlm.nih.gov/pubmed/27991579
http://doi.org/10.1186/1741-7015-10-2
http://www.ncbi.nlm.nih.gov/pubmed/22221662
http://doi.org/10.1056/NEJMoa1911481
http://doi.org/10.1186/s40560-019-0381-5
http://doi.org/10.3390/jcm9061647
http://doi.org/10.1016/j.thromres.2008.06.013
http://doi.org/10.1097/MCG.0b013e31822da19d

J. Clin. Med. 2022, 11, 2479 16 of 17

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Zimmermann, HW.; Reuken, P.A.; Koch, A.; Bartneck, M.; Adams, D.H.; Trautwein, C.; Stallmach, A.; Tacke, F.; Bruns, T. Soluble
urokinase plasminogen activator receptor is compartmentally regulated in decompensated cirrhosis and indicates immune
activation and short-term mortality. J. Intern. Med. 2013, 274, 86-100. [CrossRef]

Wei, C.; Zhu, K.; Reiser, J. Soluble Urokinase Receptor and Liver Disease. Clin. Liver Dis. 2019, 14, 163-166. [CrossRef]

Koch, A.; Zimmermann, HW.; Gassler, N.; Jochum, C.; Weiskirchen, R.; Bruensing, J.; Buendgens, L.; Diickers, H.; Bruns, T.;
Gerken, G.; et al. Clinical relevance and cellular source of elevated soluble urokinase plasminogen activator receptor (suPAR) in
acute liver failure. Liver Int. 2014, 34, 1330-1339. [CrossRef] [PubMed]

Chapman, R.; Fevery, ].; Kalloo, A.; Nagorney, D.M.; Boberg, K.M.; Shneider, B.; Gores, G.J. Diagnosis and management of
primary sclerosing cholangitis. Hepatology 2010, 51, 660—-678. [CrossRef] [PubMed]

Lindor, K.D.; Kowdley, K.V.; Harrison, M.E. ACG Clinical Guideline: Primary Sclerosing Cholangitis. Am. J. Gastroenterol. 2015,
110, 646-659. [CrossRef] [PubMed]

European Association for The Study of the Liver. EASL Clinical Practice Guidelines: Management of cholestatic liver diseases. J.
Hepatol. 2009, 51, 237-267. [CrossRef]

Karlsen, T.H.; Folseraas, T.; Thorburn, D.; Vesterhus, M. Primary sclerosing cholangitis-A comprehensive review. J. Hepatol. 2017,
67,1298-1323. [CrossRef]

Kiriyama, S.; Kozaka, K.; Takada, T.; Strasberg, S.M.; Pitt, H.A.; Gabata, T.; Hata, ].; Liau, K.H.; Miura, F.; Horiguchi, A.; et al.
Tokyo Guidelines 2018: Diagnostic criteria and severity grading of acute cholangitis (with videos). J. Hepatobiliary Pancreat. Sci.
2018, 25, 17-30. [CrossRef]

Tischendorf, ].J.; Kriiger, M.; Trautwein, C.; Duckstein, N.; Schneider, A.; Manns, M.P,; Meier, PN. Cholangioscopic characteriza-
tion of dominant bile duct stenoses in patients with primary sclerosing cholangitis. Endoscopy 2006, 38, 665-669. [CrossRef]
Stiehl, A.; Rudolph, G.; Kl6ters-Plachky, P,; Sauer, P.; Walker, S. Development of dominant bile duct stenoses in patients with
primary sclerosing cholangitis treated with ursodeoxycholic acid: Outcome after endoscopic treatment. J. Hepatol. 2002, 36,
151-156. [CrossRef]

European Association for the Study of the Liver; Clinical Practice Guideline Panel. EASL Clinical Practice Guidelines on
non-invasive tests for evaluation of liver disease severity and prognosis-2021 update. J. Hepatol. 2021, 75, 659-689. [CrossRef]
Corpechot, C.; Gaouar, F; El Naggar, A.; Kemgang, A.; Wendum, D.; Poupon, R.; Carrat, F.; Chazouilleres, O. Baseline values and
changes in liver stiffness measured by transient elastography are associated with severity of fibrosis and outcomes of patients
with primary sclerosing cholangitis. Gastroenterology 2014, 146, 970-979.e6. [CrossRef]

Wai, C.T.; Greenson, ] K.; Fontana, R.J.; Kalbfleisch, ].D.; Marrero, ].A.; Conjeevaram, H.S.; Lok, A.S. A simple noninvasive index
can predict both significant fibrosis and cirrhosis in patients with chronic hepatitis C. Hepatology 2003, 38, 518-526. [CrossRef]
[PubMed]

Shaheen, A.A.; Myers, R.P. Diagnostic accuracy of the aspartate aminotransferase-to-platelet ratio index for the prediction of
hepatitis C-related fibrosis: A systematic review. Hepatology 2007, 46, 912-921. [CrossRef] [PubMed]

Kim, W.R.; Therneau, T.M.; Wiesner, R.H.; Poterucha, ]J.J.; Benson, J.T.; Malinchoc, M.; LaRusso, N.E,; Lindor, K.D.; Dickson, E.R.
A revised natural history model for primary sclerosing cholangitis. Mayo Clin. Proc. 2000, 75, 688—694. [CrossRef]

de Vries, EM.; Wang, J.; Williamson, K.D.; Leeflang, M.M.; Boonstra, K.; Weersma, R.K,; Beuers, U.; Chapman, R.W.; Geskus, R.B,;
Ponsioen, C.Y. A novel prognostic model for transplant-free survival in primary sclerosing cholangitis. Gut 2018, 67, 1864-1869.
[CrossRef]

Cholongitas, E.; Papatheodoridis, G.V.; Vangeli, M.; Terreni, N.; Patch, D.; Burroughs, A.K. Systematic review: The model for
end-stage liver disease-should it replace Child-Pugh'’s classification for assessing prognosis in cirrhosis? Aliment. Pharmacol. Ther.
2005, 22, 1079-1089. [CrossRef]

Child, C.G.; Turcotte, J.G. Surgery and portal hypertension. Major Probl. Clin. Surg. 1964, 1, 1-85.

Pugh, R.N.; Murray-Lyon, LM.; Dawson, J.L.; Pietroni, M.C.; Williams, R. Transection of the oesophagus for bleeding oesophageal
varices. Br. J. Surg. 1973, 60, 646-649. [CrossRef]

Podolsky, D.K. Inflammatory bowel disease (1). N. Engl. J. Med. 1991, 325, 928-937. [CrossRef]

Podolsky, D.K. Inflammatory bowel disease (2). N. Engl. ]. Med. 1991, 325, 1008-1016. [CrossRef]

Podolsky, D.K. Inflammatory bowel disease. N. Engl. ]. Med. 2002, 347, 417-429. [CrossRef]

Bewtra, M.; Brensinger, C.M.; Tomov, V.T.; Hoang, T.B.; Sokach, C.E.; Siegel, C.A.; Lewis, ].D. An optimized patient-reported
ulcerative colitis disease activity measure derived from the Mayo score and the simple clinical colitis activity index. Inflamm.
Bowel Dis. 2014, 20, 1070-1078. [CrossRef] [PubMed]

Best, W.R. Predicting the Crohn’s disease activity index from the Harvey-Bradshaw Index. Inflamm. Bowel Dis. 2006, 12, 304-310.
[CrossRef] [PubMed]

Eugen-Olsen, ].; Andersen, O.; Linneberg, A.; Ladelund, S.; Hansen, TW.; 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. J. Intern. Med. 2010, 268, 296-308. [CrossRef] [PubMed]

Persson, M.; Engstrom, G.; Bjorkbacka, H.; Hedblad, B. Soluble urokinase plasminogen activator receptor in plasma is associated
with incidence of CVD. Results from the Malmo Diet and Cancer Study. Atherosclerosis 2012, 220, 502-505. [CrossRef]

Hodges, G.W.; Bang, C.N.; Wachtell, K.; Eugen-Olsen, J.; Jeppesen, J.L. suPAR: A New Biomarker for Cardiovascular Disease?
Can. ]. Cardiol. 2015, 31, 1293-1302. [CrossRef]


http://doi.org/10.1111/joim.12054
http://doi.org/10.1002/cld.850
http://doi.org/10.1111/liv.12512
http://www.ncbi.nlm.nih.gov/pubmed/24575897
http://doi.org/10.1002/hep.23294
http://www.ncbi.nlm.nih.gov/pubmed/20101749
http://doi.org/10.1038/ajg.2015.112
http://www.ncbi.nlm.nih.gov/pubmed/25869391
http://doi.org/10.1016/j.jhep.2009.04.009
http://doi.org/10.1016/j.jhep.2017.07.022
http://doi.org/10.1002/jhbp.512
http://doi.org/10.1055/s-2006-925257
http://doi.org/10.1016/S0168-8278(01)00251-3
http://doi.org/10.1016/j.jhep.2021.05.025
http://doi.org/10.1053/j.gastro.2013.12.030
http://doi.org/10.1053/jhep.2003.50346
http://www.ncbi.nlm.nih.gov/pubmed/12883497
http://doi.org/10.1002/hep.21835
http://www.ncbi.nlm.nih.gov/pubmed/17705266
http://doi.org/10.1016/S0025-6196(11)64614-4
http://doi.org/10.1136/gutjnl-2016-313681
http://doi.org/10.1111/j.1365-2036.2005.02691.x
http://doi.org/10.1002/bjs.1800600817
http://doi.org/10.1056/NEJM199109263251306
http://doi.org/10.1056/NEJM199110033251406
http://doi.org/10.1056/NEJMra020831
http://doi.org/10.1097/MIB.0000000000000053
http://www.ncbi.nlm.nih.gov/pubmed/24810138
http://doi.org/10.1097/01.MIB.0000215091.77492.2a
http://www.ncbi.nlm.nih.gov/pubmed/16633052
http://doi.org/10.1111/j.1365-2796.2010.02252.x
http://www.ncbi.nlm.nih.gov/pubmed/20561148
http://doi.org/10.1016/j.atherosclerosis.2011.10.039
http://doi.org/10.1016/j.cjca.2015.03.023

J. Clin. Med. 2022, 11, 2479 17 of 17

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Saarinen, S.; Olerup, O.; Broomé, U. Increased frequency of autoimmune diseases in patients with primary sclerosing cholangitis.
Am. ]. Gastroenterol. 2000, 95, 3195-3199. [CrossRef]

Waldthaler, A.; Schramm, C.; Bergquist, A. Present and future role of endoscopic retrograde cholangiography in primary
sclerosing cholangitis. Eur. |. Med. Genet. 2021, 64, 104231. [CrossRef]

Aabakken, L.; Karlsen, T.H.; Albert, J.; Arvanitakis, M.; Chazouilleres, O.; Dumonceau, ].M.; Farkkild, M.; Fickert, P.; Hirschfield,
G.M.; Laghi, A.; et al. Role of endoscopy in primary sclerosing cholangitis: European Society of Gastrointestinal Endoscopy
(ESGE) and European Association for the Study of the Liver (EASL) Clinical Guideline. Endoscopy 2017, 49, 588-608. [CrossRef]
Rudolph, G.; Gotthardt, D.; Kloters-Plachky, P.; Kulaksiz, H.; Rost, D.; Stiehl, A. Influence of dominant bile duct stenoses and
biliary infections on outcome in primary sclerosing cholangitis. . Hepatol. 2009, 51, 149-155. [CrossRef]

Chapman, M.H.; Webster, G.J.; Bannoo, S.; Johnson, G.J.; Wittmann, J.; Pereira, S.P. Cholangiocarcinoma and dominant strictures
in patients with primary sclerosing cholangitis: A 25-year single-centre experience. Eur. |. Gastroenterol. Hepatol. 2012, 24,
1051-1058. [CrossRef]

Loosen, S.H.; Breuer, A.; Tacke, F; Kather, ].N.; Gorgulho, J.; Alizai, P.H.; Bednarsch, ].; Roeth, A.A_; Lurje, G.; Schmitz, S.M.;
et al. Circulating levels of soluble urokinase plasminogen activator receptor predict outcome after resection of biliary tract cancer.
JHEP Rep. 2020, 2, 100080. [CrossRef] [PubMed]

Sjowall, C.; Martinsson, K.; Cardell, K.; Ekstedt, M.; Kechagias, S. Soluble urokinase plasminogen activator receptor levels are
associated with severity of fibrosis in nonalcoholic fatty liver disease. Transl. Res. 2015, 165, 658-666. [CrossRef] [PubMed]
Tuomi, H.; Kultti, J.; Danielsson, J.; Kangastupa, P.; Akerman, K.; Niemeld, O. Serum soluble urokinase plasminogen activator
receptor in alcoholics: Relation to liver disease severity, fibrogenesis, and alcohol use. J. Gastroenterol. Hepatol. 2014, 29, 1991-1995.
[CrossRef] [PubMed]

Cadranel, J.F; Rufat, P.; Degos, F. Practices of liver biopsy in France: Results of a prospective nationwide survey. For the Group of
Epidemiology of the French Association for the Study of the Liver (AFEF). Hepatology 2000, 32, 477-481. [CrossRef]

Pérez del Pulgar, S.; Pizcueta, P; Engel, P.; Bosch, J. Enhanced monocyte activation and hepatotoxicity in response to endotoxin in
portal hypertension. J. Hepatol. 2000, 32, 25-31. [CrossRef]

May, A.E.; Kanse, S.M.; Lund, L.R.; Gisler, R.H.; Imhof, B.A.; Preissner, K.T. Urokinase receptor (CD87) regulates leukocyte
recruitment via beta 2 integrins in vivo. J. Exp. Med. 1998, 188, 1029-1037. [CrossRef]

Higazi, A.A.; EI-Haj, M.; Melhem, A.; Horani, A.; Pappo, O.; Alvarez, C.E.; Muhanna, N.; Friedman, S.L.; Safadi, R. Immunomod-
ulatory effects of plasminogen activators on hepatic fibrogenesis. Clin. Exp. Immunol. 2008, 152, 163-173. [CrossRef]

Sier, C.E,; Sidenius, N.; Mariani, A.; Aletti, G.; Agape, V.; Ferrari, A.; Casetta, G.; Stephens, R.W.; Briinner, N.; Blasi, F. Presence of
urokinase-type plasminogen activator receptor in urine of cancer patients and its possible clinical relevance. Lab. Investig. 1999,
79,717-722.

Riisbro, R.; Christensen, 1.].; Hegdall, C.; Briinner, N.; Hogdall, E. Soluble urokinase plasminogen activator receptor measurements:
Influence of sample handling. Int. J. Biol. Markers 2001, 16, 233-239. [CrossRef]

Kofoed, K.; Schneider, U.V,; Scheel, T.; Andersen, O.; Eugen-Olsen, J. Development and validation of a multiplex add-on assay for
sepsis biomarkers using xMAP technology. Clin. Chem. 2006, 52, 1284-1293. [CrossRef]

Koch, A.; Voigt, S.; Kruschinski, C.; Sanson, E.; Diickers, H.; Horn, A.; Yagmur, E.; Zimmermann, H.; Trautwein, C.; Tacke, F.
Circulating soluble urokinase plasminogen activator receptor is stably elevated during the first week of treatment in the intensive
care unit and predicts mortality in critically ill patients. Crit. Care 2011, 15, R63. [CrossRef] [PubMed]

Kolho, K.L.; Valtonen, E.; Rintamaki, H.; Savilahti, E. Soluble urokinase plasminogen activator receptor suPAR as a marker for
inflammation in pediatric inflammatory bowel disease. Scand. ]. Gastroenterol. 2012, 47, 951-955. [CrossRef] [PubMed]
Lonnkvist, M.H.; Theodorsson, E.; Holst, M.; Ljung, T.; Hellstrom, PM. Blood chemistry markers for evaluation of inflammatory
activity in Crohn’s disease during infliximab therapy. Scand. ]. Gastroenterol. 2011, 46, 420-427. [CrossRef]

Henriksen, M.; Jahnsen, J.; Lygren, L; Stray, N.; Sauar, J.; Vatn, M.H.; Moum, B.; Group, 1.S. C-reactive protein: A predictive factor
and marker of inflammation in inflammatory bowel disease. Results from a prospective population-based study. Gut 2008, 57,
1518-1523. [CrossRef] [PubMed]

Vermeire, S.; Van Assche, G.; Rutgeerts, P. Laboratory markers in IBD: Useful, magic, or unnecessary toys? Gut 2006, 55, 426—431.
[CrossRef] [PubMed]


http://doi.org/10.1111/j.1572-0241.2000.03292.x
http://doi.org/10.1016/j.ejmg.2021.104231
http://doi.org/10.1055/s-0043-107029
http://doi.org/10.1016/j.jhep.2009.01.023
http://doi.org/10.1097/MEG.0b013e3283554bbf
http://doi.org/10.1016/j.jhepr.2020.100080
http://www.ncbi.nlm.nih.gov/pubmed/32140677
http://doi.org/10.1016/j.trsl.2014.09.007
http://www.ncbi.nlm.nih.gov/pubmed/25445207
http://doi.org/10.1111/jgh.12639
http://www.ncbi.nlm.nih.gov/pubmed/24909734
http://doi.org/10.1053/jhep.2000.16602
http://doi.org/10.1016/S0168-8278(00)80185-3
http://doi.org/10.1084/jem.188.6.1029
http://doi.org/10.1111/j.1365-2249.2008.03606.x
http://doi.org/10.1177/172460080101600402
http://doi.org/10.1373/clinchem.2006.067595
http://doi.org/10.1186/cc10037
http://www.ncbi.nlm.nih.gov/pubmed/21324198
http://doi.org/10.3109/00365521.2012.699549
http://www.ncbi.nlm.nih.gov/pubmed/22746351
http://doi.org/10.3109/00365521.2010.539253
http://doi.org/10.1136/gut.2007.146357
http://www.ncbi.nlm.nih.gov/pubmed/18566104
http://doi.org/10.1136/gut.2005.069476
http://www.ncbi.nlm.nih.gov/pubmed/16474109

	Introduction 
	Patients and Methods 
	Study Design and Patient Cohort 
	Measurement of Circulating suPAR Levels 
	Statistical Analysis 
	Consent 

	Results 
	Baseline Patient and Clinical Characteristics—PSC Cohort 
	Circulating suPAR Is Elevated in Patients with PSC 
	suPAR Levels in PSC Patients Are not Associated with Metabolic Risk Factors or Comorbidities 
	Increased suPAR Levels in PSC Patients Are Associated with the Presence of Liver Cirrhosis 
	suPAR Is Elevated in PSC Patients with Acute Cholangitis but Does Not Indicate the Presence of Dominant Stenosis 
	suPAR Correlates with Prognostic Parameters in PSC Patients 
	suPAR Levels Are not Elevated in Patients with IBD and Do Not Reflect Disease Activity 

	Discussion 
	References

