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Introduction
The urokinase-type plasminogen activator receptor (uPAR) is 
present on immune cells and certain tumor cells.1 It is a mem-
brane-bound receptor that mediates cellular adhesion, differ-
entiation, migration, and proliferation.2 When urokinase (uPA) 
is bound to uPAR, the receptor is cleaved, and soluble form of 
the urokinase receptor (suPAR), the soluble form of uPAR, is 
released. Considering that uPAR only undergoes a small con-
formational change when it is cleaved, uPAR still has biologi-
cal functions in the soluble form.3 For example, it has been 
shown that activated neutrophils release suPAR, and it is 
hypothesized that this release from neutrophils contributes to 
the recruitment of monocytes to sites of active inflammation.4,5 
Soluble form of the urokinase receptor is known to be a stable 
marker for low-grade inflammation and plasma suPAR 
(P-suPAR) concentrations of less than 4.0 ng/mL are consid-
ered normal, or termed as low-grade inflammation,6 whereas 
values above 6 ng/mL may indicate a risk of developing cardio-
vascular diseases, diabetes, cancer, or may be associated with 
progressing critical illness, such as sepsis, tuberculosis, and 
human immunodeficiency virus.7–10 In contrast to most pro-
inflammatory and acute response biomarkers, circadian changes 
in P-suPAR are minimal, and in vitro stability is high.11–13 It is 
so far unclear whether P-suPAR actually exerts pro-inflammatory 
actions or just reflects general immune activation.

Enhanced levels of several components of the immune sys-
tem, eg, interleukin 6 (IL-6), C-reactive protein (CRP), and 
tumor necrosis factor α (TNF-α) in patients suffering from 
major depressive disorder (MDD) suggest the involvement of 
an inflammatory process and a possible physiological link 
between low-grade inflammation and depression.14–16 A recent 
study indicates that elevated levels of circulating suPAR in 
apparently healthy individuals are associated with an increased 
susceptibility for future use of antidepressants or a clinical 
depression diagnosis.17 In a previous study, we demonstrated 
that depressed patients and suicide attempters have increased 
plasma levels of suPAR.18

By performing a short-time exercise test, the effect of an 
acute stress situation can be studied. The effect of physical 
exercise in patients with MDD has been examined in few 
recent studies. Gustafsson et  al19 found that patients with 
moderate MDD do not have a disturbed peripheral brain-
derived neurotropic factor release in response to exercise. Also, 
Hallberg et  al20 investigated the time-dependent changes on 
short-time exercise of pro-inflammatory cytokines in patients 
with MDD showing increased levels of TNF-α, IL-6, and 
interleukin 8 (IL-8), but the general inflammatory markers, 
such as CRP and serum amyloid protein A, remained constant. 
Only 2 studies on circulating levels of suPAR related to 
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exercise have been reported. Sanchis-Gomar et  al21 showed 
that serum suPAR levels were not significantly changed in soc-
cer players 12 hours after a game. Mikkelsen et al,22 comparing 
the levels of suPAR in healthy, normal-weight young and 
elderly male long-distance runners with untrained, weight-
matched men, found that P-suPAR levels were not correlated 
with the degree of physical activity. The influence on suPAR 
levels during intensive short-time exercise has not been inves-
tigated. The aim of this study was to investigate whether acute 
exercise has an impact on circulating P-suPAR and P-high-
sensitivity CRP levels in medication-free patients with MDD 
and healthy controls.

Methods
The patient material used in this study originates from 
Gustafsson et al19 and was approved by the Lund University 
Medical Ethics Committee. Patients signed a written informed 
consent.

Subjects

Medication-free patients with MDD (9 women and 8 men) 
were recruited from the psychiatric clinic at Lund University 
Hospital. The patients had to meet the diagnostic criteria for 
moderate or severe MDD according to Diagnostic and Statistical 
Manual of Mental Disorders (Fourth Edition) and scoring of 
more than 21 on the Montgomery-Åsberg Depression Rating 
Scale (MADRS) to be included in the study. The controls (9 
women and 8 men) were randomly selected from the municipal 
population register in Lund, Sweden, having no history or cur-
rent mental or somatic disorder. Patients and controls were sex 
and age matched ± 5 years. The median ages were as follows: for 
MDD men 29 (22-54) years, for MDD women 34 (24-
53) years, for control men 30 (24-54) years, and for control 
women 35 (23-54) years. More detailed descriptions about the 
subjects are previously presented by Gustafsson et al,19 Hallberg 
et al,20 and Wisen et al.23

Exercise test

The exercise test was performed on a computerized bicycle 
ergometer (Rødby 380; Siemens Elma, Solna, Sweden) using 
a standard protocol.24 The exercise test is described in detail by 
Gustafsson et al,19 Hallberg et al,20 and Wisen et al.23 In short, 
the test started at a workload of 30 W for women and 50 W for 
men and was increased stepwise (5 W/30 seconds for women 
and 5 W/20 seconds for men) until a heart rate of 125 ± 5 beats 
per minute was attained and persisted at a constant workload 
for 6 minutes (submaximal workload). Thereafter, the work-
load was again increased stepwise as described above until 
exhaustion (maximal workload).25 Blood samples were col-
lected right before the exercise test (baseline), at submaximal 
and maximal workloads. After the exercise test, patients and 
controls rested in a sitting position and blood samples were 

collected after 30 and 60 minutes. All blood samples were col-
lected with a peripheral venous catheter.

Sample handling

Blood samples were collected in EDTA vacuum tubes. The 
samples were immediately placed on ice and centrifuged at 4°C 
and 2000g for 10 minutes within 1 hour of collection. Plasma 
was stored at −80°C until analysis.

Analysis of suPAR

Plasma suPAR concentrations were analyzed using a commer-
cially available enzyme immunoassay (suPARnostic; ViroGates, 
Copenhagen, Denmark) according to the manufacturer’s 
instructions. The assay is a double monoclonal antibody sand-
wich assay that quantifies all circulating forms of suPAR, with 
a detection limit of 0.1 ng/mL.

Analysis of high-sensitivity CRP

A high-sensitive sandwich enzyme immunoassay 
(Immundiagnostik AG, Bensheim, Germany) was used for 
determination of the high-sensitivity CRP concentration in 
plasma according to the manufacturer’s instructions. The 
detection limit of the assay was 0.9 ng/mL.

Analysis of albumin

To estimate the exercise-induced hemoconcentration, plasma 
albumin (P-albumin) was analyzed using a bromocresol green 
assay (Randox, Crumlin, UK) according to the manufacturer’s 
instructions. Plasma albumin values were used to estimate 
hemoconcentration during and after the exercise as follows26:

P-albumin
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where P-albumin is in g/L and “parameter” denotes P-suPAR 
(ng/mL) or P-high-sensitivity CRP (µg/mL).

Statistical analyses

The baseline differences in the plasma levels of suPAR and 
high-sensitivity CRP between patients and controls during and 
after the bicycle challenge were assessed using the Wilcoxon 
signed rank test and Mann-Whitney U test; statistical signifi-
cance was considered at *P ⩽ .05; **P ⩽ .01; ***P ⩽ .001. Values 
are presented as means ± SD.

Results
Both patients and controls showed dynamic changes of 
P-suPAR during the exercise. The increase in P-suPAR levels 
at maximal workload was greater in controls than in patients 
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(49% vs 27%). Table 1 illustrates median P-suPAR and median 
P-high-sensitivity CRP during the exercise test for patients 
and controls. Baseline P-suPAR levels were significantly higher 
(P = .022) in the patients with MDD compared with the con-
trol group (Table 1). The mean baseline P-suPAR level in the 
control group was 1.8 ± 0.2 ng/mL (the median value was 
1.8 ng/mL) and 2.3 ± 0.7 ng/mL in the MDD group (the 
median value was 2.1 ng/mL). In addition to baseline values, 
P-suPAR levels in the patients with MDD were also signifi-
cantly higher after 60-minute rest (P = .004) compared with the 
control.

Women and men were also analyzed separately. As depicted in 
Figure 1, a biphasic pattern in suPAR levels can be seen, in both 
the patients with MDD and the controls during and after the 
exercise test. The amount of circulating suPAR after workload 
decreases after a 30-minute rest, and then increases again, about 
10% from baseline values after 60-minute rest in both groups.

P-high-sensitivity CRP levels were not significantly 
changed during or after the exercise test (Table 1), although a 
nonsignificant increase in P-high-sensitivity CRP levels in 
both patients and controls was observed during the exercise, 
which was normalized during rest. There was no significant 
correlation between P-suPAR and P-high-sensitivity CRP.

Discussion
In this study, P-suPAR and P-high-sensitivity CRP levels were 
quantified in medication-free patients with MDD and healthy 
controls in response to acute exercise. The results clearly indi-
cate that initially, P-suPAR levels were higher in depressed 
men and women, whereas a significant increase in P-suPAR 
levels after acute exercise in both depressed patients and con-
trols was observed. Interestingly, a decreased dynamic response 
to maximal exercise was seen in the patients with MDD 

compared with the controls which might be related to ongoing 
inflammatory processes and reduced metabolic activity in the 
MDD group. P-high-sensitivity CRP levels were not signifi-
cantly elevated in patients. However, there was a nonsignificant 
increase in P-high-sensitivity CRP levels at maximal workload 
in both patients and controls, which was normalized during 
rest (Table 1). In contrast to most pro-inflammatory and acute 
response biomarkers, suPAR is recognized as a stable protein 
with minimal circadian modifications. The results of this study 
indicate that P-suPAR is influenced by short-time exercise. 
The changes of circulating suPAR concentrations during exer-
cise cannot be explained by hemoconcentration due to exer-
cise-induced dehydration as the suPAR values are corrected 
using P-albumin as a reference.

The elevated P-suPAR level, but not P-high-sensitivity 
CRP levels, in patients with MDD is in accordance with our 
previous study18 that also showed significantly higher P-suPAR 
levels in depressed patients but no significant difference in 
P-high-sensitivity CRP levels between depressed patients and 
healthy controls. The biomarkers suPAR and CRP may reflect 
different aspects of low-grade inflammation. Lyngbaek et al27 
have shown that CRP mainly reflects inflammation related to 
adipose tissue, whereas suPAR is linked to endothelial dys-
function and atherosclerosis. In this study, a well-defined group 
of medication-free patients with MDD were chosen. None of 
the patients suffered from, eg, melancholic depression or sui-
cidal behavior. This study demonstrates that patients with 
MDD had significantly higher levels of circulating suPAR 
before and after 60 minutes of rest after the exercise test. 
Apparently, by monitoring suPAR levels, as opposed to CRP 
levels, distinction can be made between controls and patients 
with MDD, and hence, suPAR is a more compelling marker of 
low-grade inflammation in depression.

Table 1.  P-suPAR (ng/mL) and P-high-sensitivity CRP (µg/mL) during the exercise test.

Patients with MDD Controls P value

Baseline P-suPAR 2.10 (1.10–3.70) 1.80 (1.40–2.20) .022

P-high-sensitivity CRP 0.60 (0.29–3.43) 0.59 (0.01–3.33) NS

Sub-max P-suPAR 2.12 (0.98–4.77) 2.43 (1.39–3.00) NS

P-high-sensitivity CRP 0.56 (0.26–3.39) 0.84 (0.01–3.15) NS

Max P-suPAR 2.77 (1.27–4.85) 2.80 (1.89–3.54) NS

P-high-sensitivity CRP 0.69 (0.27–3.38) 0.76 (0.02–3.98) NS

30-min rest P-suPAR 2.18 (0.87–4.23) 1.78 (1.07–2.57) NS

P-high-sensitivity CRP 0.67 (0.29–2.96) 0.69 (0.01–3.22) NS

60-min rest P-suPAR 2.99 (1.15–4.28) 2.04 (1.29–2.83) .004

P-high-sensitivity CRP 0.56 (0.27–3.06) 0.70 (0.01–2.60) NS

Abbreviations: CRP, C-reactive protein; MDD, major depressive disorder; NS, nonsignificant; P-suPAR, plasma soluble form of the urokinase receptor.
Comparison between the measured values in the group of patients and the corresponding values in the control group was made using Mann-Whitney U test. The values 
are given as median (min-max).
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A bout of exercise provokes the appearance of several 
cytokines in the circulation, including IL-6, IL-8, and IL-10, 
whereas TNF-α is stimulated only by very intense exercise.28–32 
Hallberg et al20 evaluated pro- and anti-inflammatory cytokines 
after acute exercise using the same clinical setting as this study. 
No change over time of the classical anti-inflammatory 
cytokines IL-10 and IL-13 was detected, but the pro-inflam-
matory cytokines IL-6 and TNF-α increased in depressed 
patients and controls in response to the exercise test.20 However, 
IL-6 is considered to have anti-inflammatory properties as 
well.33,34 It has been suggested that IL-6 released during exer-
cise may exert both regulatory and anti-inflammatory effects,35 
considering that the exercise-induced increase in IL-6 is fol-
lowed by increased circulating levels of well-known anti-
inflammatory cytokines such as IL-1 receptor antagonist 
(IL-1ra) and IL-10.29 It has also been suggested that IL-6 
regulates the deployment of neutrophils into the circulatory 
system.36

The origin of circulating suPAR is yet to be determined, but 
suPAR is released from monocytes,37 endothelial cells,38 and 
neutrophils5 on stimulation with certain cytokines. Significant 
amounts of uPAR, intracellularly stored in neutrophils, can 
translocate to the plasma membrane following cell activation.5 

Acute exercise triggers leukocytosis due to demargination 
caused by shear stress and catecholamines.39,40 Marginated 
neutrophils may release circulating suPAR, and therefore, 
P-suPAR increases in response to acute exercise. Unfortunately, 
leukocyte particle concentrations were not measured in this 
study. Sanchis-Gomar et al21 investigated serum suPAR levels 
in soccer players after a game and concluded that suPAR levels 
were not influenced by physical exercise. However, they com-
pared suPAR levels before the game and after 12 hours. By 
then, the leukocyte concentration is likely to be normalized. 
Moreover, it has been described that a single bout of exercise, 
such as cycling, results in significantly elevated matrix metal-
loproteinase 9 (MMP-9)41 levels, and it is known that the 
region linking D1 and D2D3 in uPAR is susceptible to cleav-
age by MMPs.5 Matrix metalloproteinases, including MMP-9, 
are the major components of neutrophilic tertiary granules. 
The P-suPAR increase (seen at maximal workload) declines 
after a short period of rest, but 60 minutes after the exercise was 
interrupted, P-suPAR was again increased in both patients and 
controls. It would be of interest if this increase continued dur-
ing a longer period of rest because that might indicate an 
upregulated uPAR cleavage. Unfortunately, our study design 
did not include any later blood samples. We have previously 

Figure 1.  Box plot of P-suPAR (ng/mL) during the exercise test in male patients, male controls, female patients, and female controls. Significant increase 

(Wilcoxon sign rank test) in comparison with baseline. *P ⩽ .05; **P ⩽ .01; ***P ⩽ .001. MDD indicates major depressive disorder; P-suPAR, plasma soluble 

form of the urokinase receptor.
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investigated the relationship between suPAR and other inflam-
matory markers such as CRP, procalcitonin (PCT), IL-6, 
IL-10, and myeloperoxidase (MPO) in patients with severe 
sepsis.10 The suPAR level did not correlate with CRP, PCT, 
IL-6, or IL-10. However, there was a significant correlation 
between suPAR and MPO in plasma. The weak correlation 
between suPAR and other inflammatory markers might sug-
gest that suPAR reflects general activation of the immune sys-
tem rather than exerting inflammatory actions. Correlation 
between suPAR and MPO might suggest that cleavage of 
suPAR depends on leukocyte activation, ie, reflects activation 
of the cellular immune system.

Furthermore, it has been described that acute exercise results 
in significantly elevated plasma levels of lipopolysaccharides 
(LPS) from gram-negative bacteria due to an increased gastro-
intestinal permeability.42 Considering that LPS are able to 
enhance the release of suPAR,43 endotoxemia may contribute 
to the increased P-suPAR levels detected 60 minutes after the 
exercise test (Figure 1).

Although regular physical activity in healthy adults is associ-
ated with lower CRP levels,44 acute exercise leads to an increase 
in CRP levels. For instance, it has been shown that plasma CRP 
levels dramatically increased in marathon runners,45 in cyclists 
during the Giro d’Italia,46 and in runners who did participate in 
an ultradistance running race.47 C-reactive protein is synthesized 
by the liver in response to IL-6.48 And following an acute-phase 
stimulus, the plasma concentration of CRP begins to rise after 
6 hours and peaks around 48 hours after a single stimulus.49 
Hence, the duration of the exercise test in this study was too 
short to detect any significant CRP induction.

The results of this study support the hypothesis that an acti-
vation of systemic inflammatory processes, measured as ele-
vated P-suPAR levels, is involved in the pathophysiology of 
depression. This study also suggests that maximal exercise 
induces an inflammatory response characterized by increased 
suPAR levels. The study design does not reveal the precise ori-
gin of circulating suPAR, but the most likely source is activated 
neutrophils. The physiological significance of this observation 
is unclear and it is apparent that more data are needed on any 
potential influence of exercise on suPAR levels and what the 
implications of changed levels would be. In particular, studies 
that further investigate uPAR cleavage from leukocytes would 
be advantageous.
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