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Abstract. Patients with chronic kidney disease (CKD) 
often exhibit associated endothelial dysfunction and inflam-
mation. Systemic inflammation may contribute to the 
endothelial dysfunction and accelerated thrombosis observed 
in CKD patients. In this study, we assessed the relationships 
among endothelial dysfunction, a disintegrin-like and metallo-
protease with thrombospondin type 1 repeats 13 (ADAMTS13) 
activity and levels of inflammatory cytokines in CKD patients. 
CKD patients were classified into three groups: The chronic 
glomerulonephritis group (CGN; n=31), the idiopathic nephritic 
syndrome group (NS; n=32) and the lupus nephritis group 
(LN; n=41). We measured the plasma levels of tumor necrosis 
factor-α (TNF-α), von Willebrand factor (VWF) antigen 
(VWF:Ag) and ADAMTS13 activity using an ELISA-based 
method in CKD patients (n=104) and normal controls (n=32). 
The ratio of the VWF:Ag levels to ADAMTS13 activity was 
calculated. The VWF:Ag levels were significantly higher and 
the ADAMTS13 activities were significantly lower in the 
disease groups compared to the controls (P<0.01). ADAMTS13 
activity was lower in the NS group compared to the CGN and 
LN groups (P<0.05). The TNF-α levels were higher in the CKD 
group compared to the control group (P<0.01). TNF-α was posi-
tively correlated with the VWF:Ag levels (r=0.242, P=0.013) 
and negatively correlated with the glomerular filtration rate 
(GFR) (r=-0.193, P=0.049). ADAMTS13 activity was negatively 
correlated with the cholesterol levels in CKD patients (r=-0.2, 
P=0.042). TNF-α levels in CKD were positively correlated with 
the VWF:Ag levels and negatively correlated with GFR, which 
indicates that inflammation may be a major cause of endothelial 
dysfunction and an index of renal function. The VWF:Ag levels 

increased and ADAMTS13 activity decreased in CKD patients, 
which indicates that CKD leads to a prothrombotic state.

Introduction

Patients with chronic kidney disease (CKD) have increased 
risks of endothelial dysfunction and thrombosis (1,2). Systemic 
inflammation may contribute to endothelial dysfunction and 
accelerated thrombus formation in CKD (3).

The von Willebrand factor (VWF), a well-known index of 
endothelial damage, has been reported to increase in CKD and 
inflammatory states (4,5). A disintegrin-like and metallopro-
tease with thrombospondin type 1 repeats 13 (ADAMTS13) 
is a specific VWF-cleaving protease; severe deficiency of this 
protease leads to the excessive accumulation of ultralarge 
VWF multimers and platelet aggregation with microthrombus 
formation, and is the main cause of thrombotic thrombocyto-
penic purpura (TTP) (6). Previous studies have revealed that 
ADAMTS13 activity is often reduced in other diseases, such 
as cardiovascular disease, chronic liver disease, disseminated 
intravascular coagulation and CKD (7-11).

The pro-inflammatory cytokine, tumor necrosis factor-α 
(TNF-α), plays a pivotal role in orchestrating innate inflam-
matory responses. It is a sufficient and necessary mediator of 
septic shock (12) and its levels are increased in patients with 
sepsis (13). TNF-α affects the release of VWF from endothelial 
cells into the circulation (14). Furthermore, TNF-α levels are 
increased in patients with CKD who have chronic low-grade 
inflammation; this indicates that this cytokine plays a critical 
role in the development of CKD by potentiating endothe-
lial dysfunction. 

In a cell-based study, TNF-α was found to be involved in 
the synthesis, release and cleavage of VWF and ADAMTS13 
in cultured hepatic stellate and endothelial cells (15). 
However, the relationship among these factors in CKD has 
yet to be investigated. In addition, ADAMTS13 is a specific 
VWF-cleaving protease, and several studies have indicated 
that the ratio of VWF and ADAMTS13 may be more beneficial 
in the diagnosis and treatment evaluation of patients in the 
prothrombotic state (16,17); however, this ratio has yet to be 
studied in CKD. The present study was designed to investigate 
the plasma levels of the pro-inflammatory cytokine, TNF-α, 
VWF antigen (VWF:Ag) and ADAMTS13 activity in 
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CKD patients. The relationships between the ratio of the 
VWF:Ag levels to ADAMTS13 activity and other parameters 
were also evaluated.

Patients and methods

Patient selection. We studied 104 patients who visited our 
hospital and were diagnosed with CKD according to the stan-
dards set by the American National Kidney Foundation (18). 
We excluded patients with infection, acute or chronic hepatic 
diseases, malignant cancer or diabetic nephropathy, and those 
under immunosuppressive therapy. Patients who underwent 
hemodialysis or peritoneal dialysis were also excluded. In all, 
31 patients with primary chronic glomerulonephritis (CGN) 
and 32 patients with idiopathic nephrotic syndrome (NS) were 
investigated. Renal biopsy was performed for 42% (13/31) of the 
CGN patients and 81% (26/32) of the NS patients. Additionally, 
41 patients with lupus nephritis (LN) were also enrolled in this 
study. The diagnosis was made according to the diagnostic 
criteria for systemic lupus erythematosus (SLE), as defined by 
the American Rheumatism Association in 1997 (19).

The control group contained 32 healthy controls. The local 
ethics committee approved the study, and all patients provided 
written informed consent for participation in the study.

Sample collection. For ADAMTS13 activity and VWF:Ag, 
venous blood was collected in 5-ml tubes (3.8% sodium citrate) 
and centrifuged at 3,000 rpm for 10 min. The plasma samples 
were then stored at -80˚C until they were assayed.

For TNF-α, venous blood was collected in 5-ml tubes 
(EDTA-containing) and centrifuged at 3,000 rpm for 10 min. 
The plasma samples were stored at -80˚C until they were assayed.

Measurement of serum lipid and creatinine concentrations. 
Fasting serum levels of cholesterol (CHOL), triglycerides, 
albumin (ALB), creatinine and blood urea nitrogen (BUN) 
were measured in an automatic biochemical analyzer (AU5400; 
Olympus Optical Ltd., Japan).

Renal function was estimated in terms of the glomerular 
filtration rate (GFR; ml/min/1.73 m2) using the Cockcroft-Gault 
formula, which is as follows: GFR (ml/min/1.73 m2) = [140 - 
age (years)] x weight (kg)/[72 x serum creatinine (mg/ dl)] x 
0.85 (if female).

The SLE disease activity index (SLEDAI) was determined 
using the 24-parameter scoring system defined by Bombardier 
et al (20).

VWF:Ag and TNF-α assay. VWF:Ag in plasma was assayed 
by enzyme-linked immunosorbent assay (ELISA) using the kit 
prepared by the Department of Thrombosis and Haemostasis 
of Jiangsu Institute of Haematology, China. Plasma levels 
of TNF-α were measured using ELISA kits (R&D Systems, 
Minneapolis, MN, USA).

ADAMTS13 activity analysis. The VWF-cleaving activity of 
ADAMTS13 in plasma was assayed using the FRETS-VWF73 
ELISA kit (Peptide Institute Company, Japan) (21). A dilution 
series of normal pooled plasma was used to calibrate the assay. 
Assay buffer was used as the negative control. The relative 
proteolytic activity in the samples was derived directly from 

the slope and compared to that of normal human plasma. The 
proteolytic activity in normal human plasma was arbitrarily 
defined as 100%.

Statistical analysis. The results of statistical analysis are 
presented as the means ± standard deviation. Comparisons 
among the studied groups were performed using the one-way 
ANOVA or the Kruskal-Wallis test. The correlations were 
calculated using Pearson's or Spearman's correlation co-effi-
cient test. All analyses were performed using SPSS 17.0 for 
Windows (SPSS Inc., Chicago, IL, USA). A probability level 
of <0.05 was considered statistically significant.

Results

Subject characteristics. Table I shows the baseline character-
istics of the subjects. The three groups did not differ in terms 
of age, blood pressure and GFR. The serum ALB levels in 
the NS group were significantly lower than those in the CGN 
and LN groups, and the urine protein and CHOL levels in the 
NS group were clearly higher than those in the CGN and LN 
groups (Table I).

Plasma TNF-α levels in CKD patients. The results showed that 
plasma TNF-α levels (pg/ml) were significantly higher in patients 
with CKD than in the healthy controls (CGN, 3.19±1.01; NS, 
3.26±1.18; LN, 3.24±1.24; control, 2.27±1.23; P<0.01). Patient 
groups classified according to the disease did not exhibit any 
statistically significant difference in terms of plasma TNF-α 
levels. The TNF-α levels were positively correlated with the 
VWF:Ag levels (r=0.242, P=0.013) and negatively correlated 
with the GFR (r=-0.193, P=0.049) (Fig. 1). The TNF-α levels 
were not correlated with ADAMTS13 (r=-0.043, P=0.668).

Plasma VWF:Ag levels, ADAMTS13 activity and their ratio 
in CKD patients. Plasma VWF:Ag levels and ADAMTS13 
activity were measured in healthy volunteers (n=32) and 
CKD patients (CGN, n=31; NS, n=32; LN, n=41), and the 
VWF/ ADAMTS13 ratio was calculated (Table II). Compared 
to the healthy volunteers (controls), CKD patients exhibited 
higher levels of VWF, significantly higher VWF/ADAMTS13 
ratio and markedly lower levels of ADAMTS13 activity. 
Furthermore, the VWF:Ag levels and ADAMTS13 activity in 
the NS group were lower than those in the CGN and LN groups  
(P<0.05) (Fig. 2). However, the VWF/ADAMTS13 ratios in the 
three CKD groups exhibited no clear difference. The VWF:Ag 
levels were not correlated with the ADAMTS13 activity in 
CKD patients. ADAMTS13 activity in CKD patients was 
negatively correlated with the CHOL levels (n=104; r=-0.2, 
P=0.042) (Fig. 3).

The plasma VWF:Ag levels, ADAMTS13 activity and their 
ratio did not show any clear difference between the different 
pathological types of CKD (data not shown).

Correlation between renal function and ADAMTS13 activity, 
VWF:Ag levels and the VWF/ADAMTS13 ratio. Patients with 
CGN and NS were divided into two groups: The GFR reference 
group, comprising patients with a GFR of ≥60 ml/ min/1.73 m2, 
and the low-GFR group, comprising patients with a GFR of 
0-59 ml/min/1.73 m2. The difference between renal function and 
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ADAMTS13 activity, VWF:Ag levels and VWF/ADAMTS13 
ratio was examined in these groups. No significant inter-group 
differences were noted in these factors (data not shown).

Although no significant correlation was observed between 
the VWF/ADAMTS13 ratio and GFR (r=-0.127, P=0.2), a 
significant negative correlation was observed between the 
VWF:Ag levels and GFR (r=-0.194, P=0.048).

Relationship between SLEDAI and TNF-α, ADAMTS13 activity, 
VWF:Ag levels and VWF/ADAMTS13 ratio in LN patients. In 
the linear regression analysis, SLEDAI in LN patients was posi-
tively correlated with the levels of TNF-α (r=0.354, P=0.023) 

and VWF (r=0.472, P=0.002) (Fig. 4), but did not correlate with 
ADAMTS13 activity and the VWF/ ADAMTS13 ratio.

Discussion

The results of this study show that in CKD patients, the plasma 
TNF-α levels were associated with the VWF:Ag levels, but did not 
correlate with the ADAMTS13 activity levels. The TNF-α levels 
were also negatively correlated with the GFR. Compared to the 
control group, the CGN, NS and LN groups showed significantly 
higher VWF:Ag levels and VWF/ADAMTS13 ratio (P<0.01) 
and markedly low ADAMTS13 activity (P<0.01). Furthermore, 

Table I. Demographic features and clinical information.

 LN CGN NS Controls

Gender (M/F) 2:39 20:11 21:11 18/14
Age (years)   34.80±14.43   37.13±17.54   39.81±15.67   40.44±10.80
SBP (mmHg) 126.17±24.87 123.70±20.57 133.53±22.92 125.37±13.40
DBP (mmHg)   77.73±12.85   77.10±11.16   81.78±14.25   77.72±11.02
GFR (ml/min/1.73 m2)   89.14±37.67   88.59±50.58   92.87±40.62   96.87±31.11
Albumin (g/l)    33.42±9.05b,d    34.39±8.17b,d  23.77±9.45d 46.62±4.05
Urine protein (g/24 h)    2.15±2.59b    1.41±1.24b   4.38±2.99  -
CHOL (mmol/l)      5.51±1.86b,c     5.63±2.14b,c    8.63±2.38d   4.67±0.66
TRIG (mmol/l)    2.60±2.47d   1.88±1.45a    3.22±2.66d   1.45±0.91

vs. NS: aP<0.05, bP<0.01; vs. control: cP<0.05, dP<0.01. LN, lupus nephritis; CGN, primary chronic glomerulonephritis; NS, nephrotic 
syndrome; GFR, glomerular filtration rate; CHOL, cholesterol; TRIG, triglycerides.

  A   B

Figure 1. (A) Correlation between the TNF-α levels and GFR (n=104; r=-0.193, 
P=0.049). (B) Correlation between the TNF-α levels and VWF (n=104; r=0.242, 
P=0.013). TNF-α tumor necrosis factor-α; VWF, von Willebrand factor.

Table II. Plasma VWF:Ag levels, ADAMTS13 activity and the VWF/ADAMTS13 ratio in the CGN, NS, LN and control groups.

 No. VWF (%) ADAMTS13 (%) VWF/ADAMTS13

CGN 31   198.25±140.20a    61.93±22.47a,c  3.83±3.29a

NS 32 149.94±74.50a  48.87±18.63a  3.42±1.59a

LN 41     234.75±134.91a,b    67.81±22.30a,b  3.79±2.52a

Control 32  99.55±21.37 94.37±23.66 1.12±0.37

vs. control aP<0.01; vs. NS bP<0.01, cP<0.05. VWF, von Willebrand factor; LN, lupus nephritis; CGN, primary chronic glomerulonephritis; 
NS, nephrotic syndrome.

Figure 2. (A) VWF:Ag in different CKD groups. (B) ADAMTS13 activity 
in different CKD groups vs. the NS group. *P<0.05; **P<0.01. VWF:Ag, 
von Willebrand factor antigen; CKD, chronic kidney disease; NS, idiopathic 
nephrotic syndrome; CGN, chronic glomerulonephritis; LN, lupus nephritis.

  A   B
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the VWF:Ag levels and ADAMTS13 activity in the NS group 
were lower than those in the CGN and LN groups (P<0.05 and 
P<0.01). However, no clear difference was noted between the 
three CKD groups in terms of the VWF/ ADAMTS13 ratio. The 
VWF:Ag levels in CKD patients were negatively correlated 
with the GFR. ADAMTS13 activity was negatively correlated 
with the CHOL levels.

Our study revealed that the TNF-α levels were positively 
correlated with the VWF:Ag levels in CKD patients, which 
is consistent with the findings of a previous study by Bolton 
et al (2) on the relationship between inflammatory cytokines 
and endothelial dysfunction in chronic renal failure patients, 
as well as the results of a study on Henoch-Schönlein 
purpura patients (22). We also found that the plasma TNF-α 
levels were not correlated with ADAMTS13 activity in 
CKD patients, although certain studies have indicated that 
TNF-α inhibits ADAMTS13 synthesis without affecting 
VWF secretion in hepatic stellate and endothelial cells (15). 
On the one hand, in the above-mentioned study, the incuba-
tion of TNF-α with purified ADAMTS13 did not inhibit the 
proteolytic cleavage of VWF in vitro. On the other hand, the 
plasma TNF-α concentrations in sepsis patients were higher 
than those in CKD patients (23). In the Cao et al study, the 
incubation concentrations of TNF-α in hepatic stellate and 
endothelial cells were considerably higher than the plasma 
concentration (15). This may explain why our results for 
the plasma TNF-α concentration differ from those at a  
cellular level.

In our study, we found that the VWF:Ag levels in 
CKD patients were significantly higher than those in the 
control group (P<0.01); in addition, the ADAMTS13 activities 
in CKD patients were markedly lower than those in the control 
group (P<0.01). We hypothesized that low ADAMTS13 activity 
causes an increase in ultralarge VWF multimers, resulting 
in renal microvascular platelet thrombosis, and is therefore 
relevant to the development and progression of CKD. Thus, the 
balance between the VWF:Ag levels and ADAMTS13 activity 
may be more important in estimating thrombus formation. 
The VWF/ADAMTS13 ratio has also been reported to be 
more useful than the ADAMTS13 assay alone in the differ-
ential diagnosis of TTP (23). In our study, we found that the 
VWF:Ag levels and ADAMTS13 activity in the NS group 
were lower than those in the CGN and LN groups (P<0.05 and 
P<0.01). However, the three groups did not clearly differ with 
respect to the VWF/ ADAMTS13 ratio. Thus, our results were 
not consistent with those obtained for TTP. 

CKD patients generally have damaged glomerular filtra-
tion membrane, which leads to considerable protein loss 
via the urine. A previous study revealed that VWF in urine 
increased in patients with large amounts of urine protein in 
insulin-dependent diabetes mellitus (24). Since NS involves 
the excretion of large amounts of urine protein, the VWF:Ag 
decrease in the NS group can be mainly attributed to the 
urinary loss of VWF:Ag. Therefore, the ratio of VWF:Ag levels 
and ADAMTS13 activity may be not a suitable index for the 
evaluation of CKD. Somewhat unexpectedly, we found that in 
CKD patients, the serum CHOL levels were associated with 
ADAMTS13 activity. Furthermore, the ADAMTS13 activity 
was the lowest in the NS group, which had the highest CHOL 
levels. Perhaps the abnormality in lipid metabolism in NS 
influences the ADAMTS13 activity. However, this is only a 
speculation and requires investigation in future studies.

Ono et al (9) found that the ADAMTS13 activity was 
associated with acute renal failure and serum creatinine 
levels. However, other reports do not indicate a clear asso-
ciation between the changes in ADAMTS13 or VWF and 
disease severity, organ failure or outcome (25). We classified 
the CGN and NS patients according to the GFR: One group 
with a GFR of ≥60 ml/ min/ 1.73 m2 and another with a GFR 
of 0-59 ml/ min/1.73 m2; however, the two groups did not differ 
with respect to the VWF:Ag levels, ADAMTS13 activity and 
their VWF/ADAMTS13 ratio. This can be explained by the fact 
that all the patients in our study had chronic diseases, and the 
pathological changes in chronic diseases were different from 
those in acute conditions.

In the LN group, we studied the correlation between SLEDAI 
and TNF-α levels, VWF:Ag levels, ADAMTS13 activity and 
the VWF/ADAMTS13 ratio. In LN patients, SLEDAI was 
positively correlated with the levels of TNF-α and VWF:Ag, 
but did not correlate with ADAMTS13 activity and the VWF/ 
ADAMTS13 ratio. Increased serum VWF concentration has 
been shown to be a marker of endothelial dysfunction in human 
diseases (26). Our data indicate that TNF-α is not only associ-
ated with endothelial dysfunction, but also with LN activity.

In conclusion, we found that in CKD patients, plasma TNF-α 
levels were correlated with the VWF:Ag levels, but not associ-
ated with ADAMTS13 activity. Our study indicates that plasma 
TNF-α increased in CKD patients and did not directly influence 

Figure 4. (A) Correlation between SLEDAI and TNF-α levels (n=41; r=0.354, 
P=0.023). (B) Correlation between SLEDAI and VWF:Ag levels (n=41; 
r=0.472, P=0.002). SLEDAI, systemic lupus erythematosus disease activity 
index; TNF-α tumor necrosis factor-α; VWF, von Willebrand factor; VWF:Ag, 
VWF antigen.

Figure 3. Correlation between ADAMTS13 activity and CHOL levels (n=104; 
r=-0.2, P=0.042). CHOL, cholesterol.

  A   B
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the ADAMTS13 activity, although previous studies have shown 
that TNF-α inhibits ADAMTS13 synthesis in hepatic stellate 
and endothelial cells. The circulating ADAMTS13 activity was 
found to correlate with the levels of CHOL.
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