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BACKGROUND: This study aimed to determine the plasma levels of urokinase-type 

plasminogen activator (uPA), urokinase-type plasminogen activator receptor (uPAR), D-dimer, IL-6 

and TNF-α, and observe the relations among uPA, uPAR, D-dimer, IL-6 and TNF-α in patients with 

systemic infl ammatory response syndrome (SIRS).

METHODS: A prospective, clinical case-control study was conducted in patients with SIRS at 

age of more than 55 years old treated during 2008-2010 at Wuhan Central Hospital. Venous blood 

samples were collected by routine venipuncture. Eighty-five patients were divided into two groups 

according to diagnostic criteria of SIRS: SIRS patients from intensive care units (n=50), and non-

SIRS patients from medical wards (n=35). Thirty healthy blood donors who visited the General Health 

Check-up Division at Wuhan Central Hospital served as controls. Excluded from the study were (1) 

those patients with pregnancy; (2) those with cancer; (3) those died after admission into the ICU in 

7 days; (4) those received cardiopulmonary resuscitation; (5) those who had previous blood system 

diseases; and (6) those with SIRS before admission into the ICU. The levels of uPA, uPAR, D-D, IL-6 

and TNF-α in blood were detected by commercial enzyme-linked immunosorbent assay (ELISA) kit. 

The data were analyzed using SPSS version 17.0 and expressed as mean ± standard. Student's t 

test and the Mann-Whitney U test were used in the analysis. The relations of uPA, uPAR and D-dimer, 

IL-6 TNF-α levels were analyzed using Spearman's rank-order correlation coeffi cient test.

RESULTS: The plasma levels of uPA , uPAR, D-dimer,IL-6 and TNF-α in the patients with 

SIRS were obviously higher than those in the non-SIRS patients and controls (P<0.001). Correlation 

analysis showed a positive correlation between uPAR and IL-6 levels (r=0.395, P=0.004) and between 

uPAR and TNF-α levels (r=0.606, P<0.001), but no correlation between uPAR and D-dimer levels 

(r=0.069, P=0.632). No correlation was observed between uPA, D-dimer, IL-6 and TNF-α levels 

(P>0.05). The establishment of ROC curve was based on the levels of uPAR, D-dimer, IL-6 and TNF-α 

in 24 hours for the diagnosis of multiple organ dysfunction syndrome (MODS), and the ROC areas 

under the curve were 0.76, 0.58, 0.86 and 0.83, respectively.

CONCLUSIONS: uPA and uPAR play a major role in patients with SIRS in the process of 

coagulation disorder, but the mechanism of SIRS is not the same. uPAR may play a central role in 

the development of SIRS to MODS.
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INTRODUCTION
Systemic inflammatory response syndrome (SIRS) 

is a critical illness caused by infection or non-infection 

factors. Uncontrolled release of inflammatory mediator 

and cytokines is the most important trait of SIRS. 

Coagulation can be activated directly or indirectly by 

these inflammatory mediators or cytokines, resulting 

in the imbalance between coagulation and anti-

coagulation of the body.
[1,2]

 The imbalance of fi brinolytic 

and anticoagulant in patients with SIRS indicates 

negtive consequences of the disease.
[3]

 Urokinase type 

plasminogen activator (uPA) and its receptor (uPAR) 

are of physiological and pathological significance in 

many aspects, including local fi brinolysis, infl ammation, 

matrix reconstruction, angiogenesis, tissue repair and 

cell migration.
[4]

 The present study was to test the levels 

of uPA, uPAR, D-dimer (D-D), IL-6, and TNF-α in 

plasma, explore the correlation of uPA and uPAR with 

other cytokines like D-D, IL-6 and TNF-α, and discuss 

their signifi cance in SIRS and the process changing from 

SIRS to multiple organ dysfunction syndrome (MODS).

METHODS
Patients

In this prospective, case control study, samples 

were taken from patients who visited Wuhan Central 

Hospital for physical examination, or hospitalized 

patients and ICU patients during the period of 2008-2010 

(35 patients with non-SIRS and 50 patients with SIRS). 

Thirty healthy people without evidence of infection 

served as controls. All of the patients were treated at the 

general medicine department of the hospital. They were 

diagnosed with SIRS according to the diagnostic criteria 

set up by the American Association of Chest Physicians 

and ICU Association in 1991.
[5]

Methods
Ten mL fasting venous blood was taken from each 

patient in the morning every day. The blood was taken 

from the patients of the non-SIRS group the very day 

when they visited the hospital, and that from the patients 

of the SIRS group when SIRS occurred. Five mL blood 

was used to test D-D with ELISA. The remaining 5 mL 

blood was placed in a sodium citrate tube for isolation of 

plasma and red blood cells and finally stored at -70 °C. 

The plasma was subjected to ELISA to detect the levels of 

uPA and uPAR. The levels of TNF-α and IL-6 were also 

determined with ELISA. The ELISA was made according 

to the instructions of the kit used (ADI, America).

Parameters Controls
*

Non-SIRS SIRS

Average age (year) 63.87±4.06 65.69±7.90 66.20±7.90

Male 15 17 26

Female 15 18 24

Hyepertension   0   6   0

Arrhythmia   0   5   0

Angina pectoris   0   5   0

Diabetes   0   6   0

Peptic ulcer   0   6   0

Chronic renal insuffi ciency   0   3   0

Cerebral infarction   0   4   0

Muttiple trauma   0   0 15

Chronic bronchitis with
  infection

  0   0 12

Postoperation   0   0 10

Acute pancreatitis   0   0   6

Organohosphate   0   0   4

Infarction   0   0   3

Table 1. Subjects metadata (no.)

* In the control group, no infection was noted. Routine examination, 

urine test,  stool test, ECG, chest radiograph and biochemical test 

were normal.

Statistical analysis
The data were analyzed with statistics software SPSS 

17.0. Measurement data were expressed as mean±SD. 

Comparison among different groups was performed 

by independent sample t test. Non-normal distribution 

of measurement data was taken as median (minimum, 

maximum), and the data were analyzed with Wilcoxon's 

rank-sum test and the Mann-Whitney U test. Pearson's 

produt-moment correlation coefficient analysis was 

applied to analyze the correlation. P<0.05 was considered 

statistically signifi cant. A ROC curve was made with the 

values of uPA, uPAR, IL-6 and TNF-α within 24 hours, 

and the area under the curve was calculated to detect 

MODS according to the values of uPA, uPAR, IL-6 and 

TNF-α in the blood of SIRS patients.

RESULTS
Comparison of levels of uPA, uPAR, D-D, IL-6 

and TNF-α between different groups
There were no significant differences in age and 

gender in all subjects (P>0.05) (Table 1). The levels of 

plasma uPA, uPAR, IL-6 and TNF-α in the non-SIRS 

group were not significantly different from those in the 

control group (P>0.05). However, the levels of plasma 

uPA, uPAR, IL-6 and TNF-α in the SIRS group were 

significantly higher than those in the control group and 

non-SIRS group (P< 0.001) (Table 2).
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Figure 1. The levels of IL-6, TNF-α, uPA, and uPAR in detecting MODS in SIRS patients.
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Correlation analysis of levels of uPA, uPAR, D-D, 

IL-6 and TNF-α in the plasma of SIRS patients
In the blood of the SIRS patients, the level of uPA 

was not correlated with the levels of DD, IL-6 and 

TNF-α (P>0.5). The level of uPAR was not correlated 

with the level of DD (r=–0.069, P=0.632), but it was 

positively correlated with the levels of IL-6 (r=0.395, P= 

0.004) and TNF-α (r=0.606, P<0.001) (Table 3).

Levels of serum uPA, uPAR, IL-6 and TNF-α in 

detecting MODS in SIRS patients
In the SIRS patients, there were 24 patients with 

MODS. According to the ROC curve, the accuracy in 

diagnosing MODS with the levels of plasma uPAR, IL-6 

and TNF-α in 24 hours was mild, and their AUROC 

values were 0.76, 0.86, and 0.83 seperately. However, 

the diagnostic accuracy was lower with the level of uPA 

(AUROC=0.58) in 24 hours (Figure 1).

Parameters
uPA uPAR

    r     p     r     p

D-D 0.237 0.097 –0.069 0.632

L-6 0.066 0.649   0.395 0.004

TNF-α 0.043 0.766   0.606 0.000

Table 3. Correlation analysis of uPA, uPAR, D-D, L-6 and TNF-α in 

SIRS Patients

Groups Case number uPA uPAR D-D IL-6 TNF-α 

Normal 30 0.782±0.257 1.823±0.797 0.203±0.014   0.04 (0.02-0.06)   2.286 (1.754-23854)

Non-SIRS 35 0.744±0.190 1.892±0.476 0.292±0.088   0.03 (0.02-0.06)   2.330 (2.140-2.530)

SIRS 50 1.166±0.270 4.312±1.308 2.346±1.377 71.78 (19.84-928.40) 12.493 (2.283-69.020)

t value -0.845 -12 -10.519 -7.833
*

-7.622
*

P value 0.000 0.000 0.000 0.000 0.000

Table 2. Comparison of  uPA, uPAR, D-D, IL-6 and TNF-α concentration between the three groups (ng/mL)

Comparison of t value between the SIR group and non-SIR group; IL-6 and TNF-α data distributed abnornually; minimum and maximum 

values are seen in brackets; *: Z-value of rank-sum test.
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DISCUSSION
SIRS is a symptom induced by infectious or non- 

infectious factors associated with imbalance of 

inflammation and antiinflammation. It is thought to be 

due to infl ammation, coagulation and fi brinolysis.
[7,8]

 D-D 

as a specific marker which stands for the process that 

plasma cross-linked fi brinogen is degraded by plasmase 

fibers has been accepted as an important indicator for 

the degradation of fibrinolysis.
[9]

 In our study the level 

of D-D was significantly higher in the SIRS group than 

in the non-SIRS group and the control group, indicating 

that SIRS patients present with coagulation problem and 

hyperfi brinolysis. uPA is considered to be one of the media 

of fibrinolysis.
[10]

 Whereas uPAR is a multifunctional 

receptor expressed on the surface of monocytes, 

neutrophils, eosinophils and activated T cells. Binding 

with its ligand uPA, uPAR shows local fibrinolysis and 

activates the conversion of plasminogen to plasmin, thus 

leading to the degradation of fi brin. 
[11]

 The level of uPA 

was reported to elevate in sepsis patients.
[12,13]

 In the 

present study the levels of uPA and uPAR were higher 

in the SIRS group than in the control and non-SIRS 

groups, indicating that the overexpression of uPA and 

uPAR enhances fibrinolytic hyperactivity, which causes 

coagulopathy in the patient.

Excessively released cytokines in SIRS can activate 

the coagulation system in various ways, and form 

the complex response of coagulation, inflammatory 

mediators, cytokines and complement network.
[14,15]

 In 

this study, the level of uPA was not related to the levels 

of IL-6 and TNF-α in the SIRS patients but the level of 

uPAR was positively correlated with the levels of IL-6 and 

TNF-α. These results indicate that uPA and uPAR are not 

consistent with the network of clotting and infl ammation 

reaction of the SIRS patients. uPA plays a great role in the 

regulation of fi brinolytic and immune protection, whereas 

uPAR intervenes the immunity and inflammation by 

degradation of the extracellular matrix, and regulating cell 

adhesion, migration and regeneration. The local release 

of soluble uPAR (suPAR) also causes the aggregation 

and activation of inflammatory cells.
[9]

 Compared with 

uPAR gene knockout mice, uPA gene knockout mice 

were found to have different susceptibility to different 

pathogen infections. It is speculated that uPA and uPAR 

play a role in the immune response via different steps 

and different ways.
[16,17]

 Thus, compared with uPA, uPAR 

is associated with infl ammatory mediators. 

MODS is one of the leading causes of death of 

patients with grave disease. Amost all of MODS patients 

have SIRS in the development of the disease.
[6]

 SIRS is 

thought to be an inevitable pathophysiological process 

in the development of MODS.
[18]

 The disease will 

continue to progress and the body of SIRS patients will 

be damaged by new factors as a "second hit". The second 

attack causes the waterfall-like release of inflammatory 

mediators until the appearance of tissue damage and 

organ dysfunction.
[19]

 Inflammatory mediators play a 

great role in the development of SIRS to MODS. It has 

been confi rmed that both IL-6 and TNF-α play a role in 

the development of SIRS.
[20]

 In our study, a ROC curve 

was made for uPA, uPAR, IL-6 and TNF-α in the SIRS 

patients in 24 hours separately, and the results indicated 

that compared with IL-6 and TNF-α, uPAR can also be 

used to diagnose MODS. We hypothesize that uPAR is 

essential in the development of SIRS to MODS. uPAR 

plays a central role in the proteolysis of endothelial cells 

surrounding the matrix.
[9]

 A series of processes accelerate 

the occurrence of MODS in addition to the increase of 

vascular endothelial cell gap, destruction of endothelial 

integrity, interstitial edema, vascular leakage, etc. 

However, uPA has a lower ability to diagnose MODS 

than uPAR because of its different role in the process of 

MODS.

In conclusion, uPA and uPAR participate in 

the process of coagulation disorder in patients with 

SIRS. But the two factors have different roles in the 

development of SIRS. The increase of uPAR in blood 

may promote the development of SIRS to MODS.
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