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Plasma Level of von Willebrand Factor
Propeptide at Diagnosis: A Marker
of Subsequent Renal Dysfunction
in Autoimmune Rheumatic Diseases
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Abstract
Introduction: Patients with systemic autoimmune rheumatic diseases (SARDs) such as rheumatoid arthritis, systemic lupus
erythematosus (SLE), Sjögren syndrome, and systemic sclerosis, which are chronic inflammatory diseases, are prone to develop
renal dysfunction, which is related to vascular endothelial cell damage. Material and Methods: We evaluated plasma levels of
von Willebrand factor (VWF), VWF propeptide (VWF-pp), disintegrin-like and metalloproteinase with a thrombospondin type 1
motif, member 13 (ADAMTS13), and VWF multimer pattern in patients with SARDs at diagnosis and investigated whether they
may serve as markers to identify patients destined to develop renal dysfunction within 1 year. Renal dysfunction was defined as
subsequent reduced estimated glomerular filtration rate (eGFR) by >25% or the new appearance of abnormal urine findings such
as proteinuria (protein > 30 mg/dL) or hematuria (red blood cells >20/HPF in urine sediments). Overall, 63 patients with SARDs
were studied. Results and Conclusions: We observed a significant increase of VWF-pp and a significant decrease of
ADAMTS13 in patients with SARDs compared with normal healthy controls. The highest level of VWF-pp was observed in
patients with SLE among the groups. The levels of VWF and multimer pattern of VWF were not different compared with normal
healthy controls. Von Willebrand factor propeptide predicted a subsequent decrease in eGFR at a cutoff point of 210% (sensi-
tivity, 78.6%; specificity, 73.5%) and new urinary abnormal findings at a cutoff point of 232% (sensitivity, 77.8%; specificity, 77.8%)
Using these cutoff points, multivariable analysis revealed that VWF-pp was a significant risk factor for renal dysfunction at an odds
ratio of 8.78 and 22.8, respectively, and may lead to a new therapeutic approach to prevent vasculitis and renal dysfunction.
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Introduction

Von Willebrand factor (VWF) is a plasma multimeric

glycoprotein that plays a pivotal role in primary hemostasis

by mediating adhesion and aggregation of platelets on collagen

exposed at the site of vascular injury.1 Recent studies have

indicated that VWF not only regulates hemostasis but also

inflammation, the immune system, and angiogenesis.2,3

Von Willebrand factor is synthesized as pre–pro-VWF con-

sisting of a signal peptide, propeptide, and a mature VWF

monomer in endothelium and undergoes extensive intracellular

modification. Pro-VWF monomers form C-terminal dimers,
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and then these pro-VWF dimers are assembled into large multi-

mers while releasing VWF propeptide (VWF-pp). Von Will-

ebrand factor is stored in Weibel-Palade bodies in the

endothelium as ultra-large multimeric forms of VWF and

VWF-pp in an equimolar basis.4 Both multimeric VWF and

VWF-pp can be released into the blood stream when the

endothelium is stimulated. Thus, plasma levels of VWF and

VWF-pp can be markers of vascular endothelial activation and

are also involved in dysfunction and injury.5 After secretion

from the endothelium, ultra-large multimer VWF (UL-VWF)

undergoes a reduction in size through prompt proteolysis by

VWF-cleaving protease, a disintegrin-like and metalloprotei-

nase with a thrombospondin type 1 motif, member 13

(ADAMTS13).6 Thus, VWF multimers exist in various sizes

in plasma, including high-molecular-weight (HMW), inter-

mediate- molecular-weight, and low-molecular-weight (LMW)

VWF. Because the activity of VWF is directly proportional to

its length, UL-VWF is the most potent in tethering platelets.

Therefore, a deficiency of ADAMTS13 function—such as

thrombotic thrombocytopenic purpura (TTP)—perpetuates

UL-VWF in circulation, which leads to the formation of intra-

vascular platelet thrombi resulting in thrombocytopenia and

organ dysfunction.7-9

Although HMW-VWF has more potent activity in hemos-

tasis than LMW-VWF, HMW-VWF is more susceptible to

proteolysis by ADAMTS13 than LMW-VWF. Thus,

ADAMTS13 is important for maintaining the normal function

and size distribution of VWF multimers. Yet, just as

ADAMTS13 can control VWF function by reducing its size,9

VWF can control ADAMTS13. In fact, a study has shown that

an infusion of desmopressin decreased the plasma level of

ADAMTS13.10 The researchers suggested that the

desmopressin-induced release of higher multimers of VWF led

to a consumption of ADAMTS13. Considering that HMW mul-

timeric VWF released from damaged endothelium will reduce

levels of ADAMTS13,10 investigation into the correlation of

HMW-VWF and ADAMTS13 levels may help to estimate the

extent of vascular endothelial injury in diseases such as

vasculitis.

Systemic autoimmune rheumatic diseases (SARDs) such as

rheumatoid arthritis (RA), systemic lupus erythematosus

(SLE), Sjögren syndrome (SjS), systemic sclerosis (SSc), myo-

sitis, and antineutrophil cytoplasmic antibody-related vasculi-

tis, among others, are chronic inflammatory diseases that are

caused by an abnormal immune response to certain environ-

mental triggers as a defensive response in individuals with an

appropriate genetic background. Such chronic inflammation

can result in organ dysfunction including nephropathy, inter-

stitial pneumonia, hepatitis, and so on, which can be risk fac-

tors for morbidity and mortality in SARDs. Therefore,

preventing, recognizing, and managing the progression of

organ dysfunction are critical in SARDs. For example, in SLE,

managing renal involvement (lupus nephritis, LN) is especially

important, because LN can progress to end-stage renal disease

(ESRD), which can be the main risk factor for SLE-related

mortality and morbidity.11 Nevertheless, despite potent anti-

immunosuppressive and anti-inflammatory therapies, ESRD

cannot always be avoided.11 Therefore, identifying patients

with SLE who are destined to develop LN is imperative in the

early stages of lupus. If those patients can be identified earlier,

they can be followed up closely and given potent anti-

inflammatory, immunomodulator, immunosuppressant, or

other medicines. Currently, it is not possible to determine a

priori who with SLE will develop LN using biomarkers related

to neutrophil activation, inflammation, complement activation,

and the immune complex (IC).11 So, we speculated that as

levels of VWF-ADAMTS13 axis-related molecules reflect ini-

tial activation of the coagulation system, they may be useful to

identify those patients.

The current study was conducted to investigate whether

plasma levels of vascular endothelial injury markers including

VWF, VWF-pp, HMW-VWF, and ADAMTS13 can be differ-

entiated among patients with SARDs and be used to identify

which patients are destined to develop subsequent renal

dysfunction.

Materials and Methods

Patient Selection

The included patients were diagnosed according to the criteria

of the American College of Rheumatology as having SARDs,

including RA, SLE, SjS, and SSc, at Nara Medical University

from January 2007 to March 2015. Patients whose follow-up

period was less than 1 year or who already had renal dysfunc-

tion (estimated glomerular filtration rate [eGFR] <45 mL/min)

were excluded. The study design was approved by the ethical

committee of Nara Medical University (approval number:

1413).

Clinical Data

Age, sex, eGFR, and urine findings (proteinuria and hema-

turia) were evaluated and examined over a year period. Ery-

throcyte sedimentation rate (ESR); levels of complements

including C3, C4, and 50% hemolytic complement activity

(CH50); IC; and anti-double stranded DNA antibody (anti-

dsDNA Ab) on diagnosis were retrieved from the medical

records for patients with SLE.

Measurements of VWF, VWF-pp, ADAMTS13,
and HMW-VWF (High Multimer Index) Levels

Blood samples were obtained from study patients on the day of

their diagnosis with SARDs. Blood samples were centrifuged

at 1500 g for 10 minutes and aliquots of plasma were stored at

�80 �C until assayed. Measurement of VWF antigen

(VWF:Ag; VWF) was performed according to the manufac-

turer instructions (Dako). The plasma level of VWF-pp antigen

was also measured using a commercial kit (Sanquin) according

to the manufacturer instruction. We created a standard curve

using the normal plasma pooled by healthy volunteers (con-

trols). The ADAMTS13 antigen was also assayed using a
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commercial kit (Kainos Laboratories Inc). The VWF multimer

analysis was performed as described elsewhere.12 High multi-

mers (HMW-VWF) were defined as chains of more than 10

oligomers, and the proportion of high multimers was calculated

as the high multimer ratio from the area under the curve (AUC)

drawn by densitometer (the ratio of the high multimers area to

the total area of the multimers). Then, the high multimer ratio

of the patient was compared with that of a normal control as

high multimer index (HMI; high multimer ratio of the patient/

high multimer ratio of normal control � 100). These values

were compared with normal healthy volunteers (controls) and

among the study groups with SARDs.

Subsequent Renal Dysfunction

Renal condition can sometimes improve quickly with various

treatments, so decrements in renal function that the treating

physicians considered to be due to SARDs were regarded as

renal dysfunction. Subsequent renal dysfunction was defined as

reduced eGFR by >25% or the new appearance of abnormal

urine findings such as proteinuria (protein >30 mg/dL in urine)

or hematuria (red blood cells > 20/HPF in urine sediments)

within 1 year. We investigated whether the levels of VWF,

VWF-pp, ADAMTS13, and HMI at diagnosis before treatment

were associated with developing subsequent renal dysfunction

within 1 year.

Statistical Analysis

The Mann-Whitney U test was used for comparison between

2 groups. The Kruskal-Wallis test was used for comparison

between 3 or more groups. Receiver operating characteristic

(ROC) analysis was used for determining the most suitable

cutoff point of VWF, VWF-pp, ADAMTS13, and HMI levels

for distinguishing between patients with or without subsequent

renal dysfunction. Odds ratios (ORs) for subsequent renal dys-

function were estimated using binomial logistic regression

model. Age, sex, VWF-pp, VWF, ADAMTS13, and HMI were

included in a multivariable logistic regression analysis as the

independent variables. Von Willebrand factor, VWF-pp,

ADAMTS13, and HMI were divided into the high-level group

and low-level group using the cutoff point calculated by ROC

analysis, and they were put into a multivariable logistic regres-

sion analysis as category variables.

All P values were 2-sided, and P value <.05 was considered

as a statistically significant difference.

Statistical analyses were mainly performed using Easy R

version 1.3.6.13

Results

Baseline Characteristics

A total of 63 patients (RA, n ¼ 25; SLE, n ¼ 10; SjS, n ¼ 17;

SSc, n ¼ 11) were included. No significant differences were

noted in age, sex, eGFR, or prevalence of proteinuria or hema-

turia at diagnosis among the groups. Also, no differences were

noted in survival rate at 1 year among the 4 groups (Table 1).

Levels of VWF, VWF-pp, ADAMTS13, and HMI

Plasma levels of VWF-pp at diagnosis for each disease

were significantly increased compared with controls. The

ADAMTS13 levels were significantly decreased in all groups

compared with controls. The VWF and HMI levels in each

group were not significantly different compared with controls.

The VWF-pp level in SLE at diagnosis was significantly higher

than that in other diagnoses (P ¼ .0001, median of VWF-pp

was 300.9 [interquartile range, IQR, 264.4-407.7] in SLE,

145.6 [IQR 116.2-180.7] in RA, 163.5 [IQR 143.8-190.6] in

SjS, and 192.4 [IQR 138.6-233.1] in SSc). However, no differ-

ences were noted in VWF, ADAMTS13, and HMI levels

among the groups. There were extremely high levels of

VWF-pp observed in 2 patients with RA who also had rheu-

matoid vasculitis or mixed connective tissue disease (Figure 1).

Analysis of ROC for Subsequent Renal Dysfunction

The ROC analysis revealed that the AUC of VWF-pp was the

largest for subsequent reduced eGFR, and the cutoff point was

210% (sensitivity 78.6%, specificity 73.5%; Figure 2). Also,

the cutoff points of VWF, ADAMTS13, and HMI for subse-

quent reduced eGFR were 138%, 66%, and 124%, respectively.

Table 1. Clinical Characteristics of Patients With SARDs.a

Characteristic RA (n ¼ 25) SLE (n ¼ 10) SjS (n ¼ 17) SSc (n ¼ 11) P value

Age, year 59 (53-68)b 48 (27-54)b 62 (49-70)b 59 (54-68)b .056
Sex, male, n (%) 6 (24.0) 1 (10.0) 1 (5.9) 1 (9.1) .454
eGFR at diagnosis, mL/min/1.73 m2 80 (70-89)b 92 (78-126)b 76 (67-93)b 79 (70-88)b .206
Proteinuriac at diagnosis, n (%) 3 (12.0) 2 (20.0) 0 (0) 0 (0) .153
Hematuriad at diagnosis, n (%) 2 (8.0) 2 (20.0) 2 (11.7) 1 (9.1) .775
Survival at 1 year, n (%) 25 (100) 10 (100) 17 (100) 11 (100) NS

Abbreviations: eGFR, estimated glomerular filtration rate; IQR, interquartile range; NS, not significant; RA, rheumatoid arthritis; SARDs, systemic autoimmune
rheumatic diseases; SjS, Sjögren syndrome; SLE, systemic lupus erythematosus; SSc, systemic sclerosis.
aN ¼ 63.
bMedian (IQR).
cIn-urine protein > 30 mg/dL.
dIn-urine red blood cell > 20/HPF.
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Similarly, the AUC of VWF-pp was the largest for subse-

quent new appearance of abnormal urine findings, and the cut-

off point was 232% (sensitivity 77.8%, specificity 77.8%).

Also, the cutoff points of VWF, ADAMTS13, and HMI were

126%, 71%, and 70% in the ROC analysis, respectively

(Figure 3).

Odds Ratio for Subsequent Reduced eGFR

In the univariable analysis estimated using binomial logistic

regression model for subsequent eGFR reduction, VWF-pp

(OR: 10.2 [95% CI: 2.44-42.2], P ¼ .00144) and HMI (OR:

8.80 [95% CI: 2.18-35.6], P ¼ .00229) were significant vari-

able factors. In the multivariable analysis performed using a

binomial logistic regression model for subsequent reduced

eGFR, VWF-pp was found to be a significant variable factor

in age, sex, VWF, ADAMTS13, and HMI adjusted models

(OR: 8.78; 95% CI: 1.54-50.0; P ¼ .0144; Table 2). Similarly,

HMI was an independent risk factor for subsequent reduced

eGFR (OR: 5.67; 95% CI: 1.16-27.6; P ¼ .0318; Table 2).

Odds Ratio for Subsequent Appearance of New
Abnormal Urine Findings

In the univariable analysis using binomial logistic regression

model for subsequent new abnormal urine findings, VWF-pp

was a significant variable factor (OR: 12.2 [95% CI, 2.24-66.9],

P ¼ .00381). Also, VWF-pp was a significant variable factor
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Figure 1. VWF, VWF-pp, ADAMTS13, and high multimer index in patients with SARDs at diagnosis (N¼ 63). *P < .01. A P value on each figure
was calculated through comparison among the groups using Kruskal-Wallis test. yRheumatoid vasculitis with RA. zMixed connective tissue
disease with RA. aHigh multimer ratio ¼ area of high multimersb/area of all multimers. b High multimers: � 11 bands on analysis of VWF
multimers. ADAMTS13:Ag indicates a disintegrin-like and metalloproteinase with thrombospondin type 1 motifs 13 antigen; high multimer index
(%), high multimer ratioa of patients/high multimer ratio of normal controls � 100; RA, rheumatoid arthritis; SARDs, systemic autoimmune
rheumatic diseases; SjS, Sjögren syndrome; SLE, systemic lupus erythematosus; SSc, systemic sclerosis; VWF:Ag, von Willebrand factor antigen;
VWF-pp:Ag, von Willebrand factor propeptide antigen.
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Figure 2. Receiver operating characteristic analysis of VWF, VWF-
pp, ADAMTS13, and high multimer index in patients with SARDs for
subsequent reduced eGFRa (N ¼ 63). VWF:Ag: AUC, 0.603 (95% CI:
0.429-0.778); cutoff point: 138% (sensitivity 71.4%, specificity 57.1%).
VWF-pp:Ag: AUC, 0.743 (95% CI: 0.587-0.900); cutoff point: 210%
(sensitivity 78.6%, specificity 73.5%). ADAMTS13:Ag: AUC, 0.627
(95% CI: 0.445-0.804); cutoff point: 66% (sensitivity 64.3%, specificity
63.3%). High multimer index: AUC, 0.655 (95% CI, 0.467-0.842);
cutoff point: 124% (sensitivity 50.0%, specificity 89.8%). aSubsequent
reduced eGFR: reduced eGFR by > 25% versus at diagnosis.
ADAMTS13:Ag indicates a disintegrin-like and metalloproteinase with
thrombospondin type 1 motifs 13 antigen; AUC, area under the curve;
eGFR, estimated glomerular filtration rate; ROC, receiver operating
characteristic; SARDs, systemic autoimmune rheumatic diseases;
VWF:Ag, von Willebrand factor antigen; VWF-pp:Ag, von Willebrand
factor propeptide antigen.
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for the subsequent appearance of new abnormal urine findings

in the multivariable analysis adjusted by age and sex, VWF,

ADAMTS13, and HMI (OR: 22.8; 95% CI: 2.36-221.0;

P ¼ .00692; Table 3).

Relationship Between Subsequent Renal Dysfunction and
VWF-pp, ESR, Complements, IC, and anti-dsDNA Ab in
Patients With SLE

In the analysis of patients with SLE (n ¼ 10), VWF-pp was

significantly higher in patients who developed subsequent renal

dysfunction than patients who did not develop renal dysfunc-

tion (P ¼ .00683; Table 4). No differences were noted in ESR,
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Figure 3. Receiver operating characteristic analysis of VWF,
VWF-pp, ADAMTS13, and high multimer index in patients with
SARDs for subsequent new abnormal urinea findings (N ¼ 63).
VWF:Ag: AUC, 0.529 (95% CI: 0.310-0.747); cutoff point: 126%
(sensitivity 66.7%, specificity 50.0%). VWF-pp:Ag: AUC, 0.765 (95%
CI: 0.559-0.972); cutoff point: 232% (sensitivity 77.8%, specificity
77.8%). ADAMTS13:Ag: AUC, 0.570 (95% CI: 0.373-0.767); cutoff
point: 71% (sensitivity 66.7%, specificity 53.7%). High multimer index:
AUC, 0.535 (95% CI: 0.317-0.753); cutoff point: 70% (sensitivity
55.6%, specificity 63.0%). aSubsequent new abnormal urine findings:
new appearance of proteinuria and hematuria. ADAMTS13:Ag indi-
cates a disintegrin-like and metalloproteinase with thrombospondin
type 1 motifs 13 antigen; AUC, area under the curve; ROC indicates
receiver operating characteristic; SARDs, systemic autoimmune
rheumatic diseases; VWF:Ag, von Willebrand factor antigen; VWF-
pp:Ag, von Willebrand factor propeptide antigen.

Table 2. Multivariable ORs for Subsequent Reduced eGFR.a

Independent variables

Subsequent reduced eGFRb

OR 95% CI P value

Model 1c

Age, year 1.01 0.956-1.06 .774
Sex, male 0.275 0.019-3.98 .344
ADAMTS13 < 66% 1.10 0.211-5.75 .908
VWF > 138% 1.21 0.253-5.82 .808
VWF-pp > 210% 8.78 1.54-50.0 .0144
High multimer indexd > 124% 5.67 1.16-27.6 .0318

Abbreviations: ADAMTS13, a disintegrin-like and metalloproteinase with
thrombospondin type 1 motifs 13 antigen; OR, odds ratio; VWF, von Will-
ebrand factor antigen; VWF-pp, von Willebrand factor propeptide antigen.
aN ¼ 63.
bSubsequent reduced eGFR: reduced eGFR by over 25% within 1 year com-
pared to that on diagnosis.

cModel 1 simultaneously included age, sex, VWF, VWF-pp, ADAMTS13, and
high multimer index as independent variables.

dHigh multimer index (%) ¼ high multimer ratioe of patients/high multimer
ratio of normal controls � 100.

eHigh multimer ratio ¼ area of high multimersf/area of all multimers.
fHigh multimers: �11 bands on analysis of VWF multimers.

Table 3. Multivariable ORs for Subsequent New Abnormal Urine
Findings.a

Independent variables

Subsequent new abnormal
urine findingsb

OR 95% CI P value

Model 1c

Age, year 0.972 0.916-1.03 .344
Sex, male 3.98 0.431-36.8 .223
ADAMTS13 < 71% 0.137 0.0122-1.55 .108
VWF > 126% 6.27 0.748-52.6 .0906
VWF-pp > 232% 22.8 2.36-221.0 .00692
High multimer indexd > 70% 0.227 0.0237-2.17 .198

Abbreviations: ADAMTS13, a disintegrin-like and metalloproteinase with
thrombospondin type 1 motifs 13 antigen; OR, odds ratio; VWF, von Will-
ebrand factor antigen; VWF-pp, von Willebrand factor propeptide antigen.
aN ¼ 63.
bSubsequent abnormal urine findings: new appearance of proteinuria and
hematuria within 1 year (proteinuria: in-urine protein > 30 mg/dL, hematuria:
in-urine red blood cell > 20/HPF).

cModel 1 simultaneously included age, sex, VWF, VWF-pp, ADAMTS13, and
high multimer index as independent variables.

dHigh multimer index (%) ¼ high multimer ratioe of patients/high multimer
ratio of normal controls � 100.

eHigh multimer ratio ¼ area of high multimersf/area of all multimers.
fHigh multimers: � 11 bands on analysis of VWF multimers.

Table 4. Relationship Between Subsequent Renal Dysfunction and
VWF-pp, ESR, Complement, IC, and anti-dsDNA Ab in Patients With
SLE.a,b

Subsequent renal dysfunctionc

P valuePositive (n ¼ 7) Negative (n ¼ 3)

VWF-pp, % 249.0 (211.5-304.5) 157.3 (134.3-217.9) .00683
ESR, mm 45.0 (27.5-56.5) 38.0 (31.0-42.0) .648
C3, mg/mL 69.2 (58.3-108.1) 87.2 (82.8-89.2) .833
C4, mg/mL 10.7 (6.25-16.6) 11.4 (10.3-11.7) .667
CH50, CH50/mL 30.0 (21.5-42.5) 31.0 (30.5-31.5) .909
IC, mg/mL 1.50 (1.50 -1.50) 1.50 (1.50-2.05) .416
Anti-dsDNA Ab,

IU/mL
10.0 (10.0-30.5) 10.0 (6.0-10.0) .521

Abbreviations: anti-dsDNA Ab, anti-double stranded DNA antibody; C3, com-
plement 3; C4, complement 4; CH50, 50% hemolytic complement activity;
eGFR, estimated glomerular filtration rate; ESR, erythrocyte sedimentation
rate; IC, immune complex; IQR, interquartile range; SLE, systemic lupus erythe-
matosus; VWF-pp, von Willebrand factor propeptide antigen.
an ¼ 10.
bValues presented as median (IQR).
cSubsequent renal dysfunction: reduced eGFR by >25% within 1 year com-
pared with at diagnosis.
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complement levels, IC, and anti-dsDNA Ab titer among the

groups.

Discussion

We investigated VWF, VWF-pp, ADAMTS13, and HMI levels

in patients with SARDs (RA, SLE, SjS, and SSc). The main

results of this study were as follows. First, compared with

controls, all patients with an SARD had significantly increased

levels of VWF-pp and significantly decreased levels of

ADAMTS13 at diagnosis (Figure 1). These biomarkers did not

show any difference among the groups, except VWF-pp, which

was significantly higher in the SLE group compared with the

other groups. Second, increased levels of VWF-pp were signif-

icantly associated with subsequent renal dysfunction, suggest-

ing that VWF-pp level may identify patients destined to

develop subsequent renal dysfunction.

Because VWF plays an important role in hemostasis by

tethering platelets to the subendothelial matrix, an increased

level of VWF has been regarded as a thrombosis risk and has

been reported to be associated with risks for coronary heart

disease, ischemic stroke, venous thrombosis, and cerebral sinus

thrombosis.14 Also, VWF level has been considered to be a

biomarker for the severity of vascular disorders including arter-

itis, hypertension, and connective tissue disease.14,15 Neverthe-

less, we did not find significant elevation of VWF level at

diagnosis in all SARDs group compared with controls. In con-

trast, Habe et al16 reported that VWF level was increased in

patients with connective tissue disease including RA, SLE,

SSc, SjS, and so on. Considering that endothelium stimulation

may be mediated by autoantibodies or IC in patients with

SARDs, such patients may have increased production and

release of VWF to circulation, resulting in increased plasma

levels of VWF. The reason why VWF was not elevated in our

cases may be that the degree of vascular endothelial stimulation

is less than in their cases because we measured VWF at the time

of diagnosis. Furthermore, VWF level can be influenced by

consumption by hemostatic reaction, by blood type, and by

many established cardiovascular risk factors such as age, cho-

lesterol levels, and hypertension,14 which may complicate use

of VWF level as a biomarker in clinical practice.17

Because VWF-pp is cosecreted with VWF from endothe-

lium on an equimolar basis, has a shorter half-life (2-3 hours)

than VWF (8-12 hours),18 and is less involved in maintaining

physiological homeostasis than VWF, VWF-pp was proposed

to as a better predictor of acute vascular endothelial injury.5,19

Thus, we focused on VWF-pp level as a better biomarker for

vascular endothelial injury than VWF. Several reports have

demonstrated that VWF-pp level is increased in sepsis,20 dia-

betes,21 malaria,22 connective tissue diseases,16 among other

conditions. Indeed, our results indicated that VWF-pp level

was significantly increased in patients with SARDs compared

with controls, suggesting that even patients with RA or SjS who

had few vascular complications may also have endothelial cell

damage at diagnosis. These findings are supported by at least

one similar study, which found that vascular endothelial cell

damage was observed not only in patients with SLE but also in

patients with RA and was present from the early stage of the

disease.23 We observed the highest level of VWF-pp in patients

with SLE compared with the other SARDs (RA, SjS, and SSc),

suggesting the existence of heightened vascular endothelial

disturbance, perhaps due to vasculitis, which may lead to organ

dysfunction like LN. Interestingly, 2 patients had extremely

high levels of VWF-pp in the RA group, and they were com-

plicated cases with rheumatoid vasculitis and mixed connective

tissue disease, respectively. They may be harboring severe

vascular endothelial cell damage that likely caused vasculitis

and increased VWF-pp levels.

The ADAMTS13 level was significantly decreased in

patients with SARDs compared with normal healthy volunteers

(Figure 1). No differences in ADAMTS13 level were noted

among individuals with SARDs. The cause of decreased level

of ADAMTS13 has not been elucidated. Mannucci et al24

reported that the level of ADAMTS13 was decreased in 123

patients with SLE or SSc, and the inhibitors to ADAMTS13

were not found. It suggests that the presence of inhibitors to

ADAMTS13 may not be the cause of the low levels of

ADAMTS13 in SARDs. Furthermore, decreased production

of ADAMTS13 is also unlikely to be the mechanism respon-

sible for low ADAMTS13 because none of the patients in our

study had severe liver failure. Considering the high levels of

VWF-pp in patients with SARDs, excessive VWF release from

endothelium in such patients may induce consumption of

ADAMTS13, as mentioned earlier, resulting in decreased level

of ADAMTS13.

High levels of VWF release and low levels of ADAMTS13

may be involved in the pathophysiology of many diseases.

Indeed, the imbalance between VWF and ADAMTS13 has

been demonstrated to be associated with the pathophysiology

of stroke severity,25 progression of liver cirrhosis,26 dementia

risk,27 severity of pediatric trauma,28 sepsis,20 cardiovascular

mortality,29 and risk of myocardial infarction.30 These associa-

tions may suggest that the extent of vascular endothelial cell

damage might correlate with the severity of various diseases.

Although patients with SARDs did not have higher levels of

VWF than controls in our study, the imbalance between high

level of VWF release (estimated from high level of VWF-pp)

and low level of ADAMTS13 may be a possible contributor to

the progression of organ dysfunction in SARDs, because the

imbalance can be prothrombotic, to some extent reminiscent of

what happens during TTP.

The severe and persistent vascular endothelial cell damage

may result in persistent secretion of VWF, leading to consum-

ably depletion of ADAMTS13 activity and then the appearance

of UL-VWF. Indeed, decreased level of ADAMTS13 in

patients with sepsis or after nonelective cardiac surgery was

also reported to be associated with the appearance of UL-VWF

in plasma.31 Thus, the presence of UL-VWF can be a marker

for severe forms of SARDs. Based on these observations, we

did a multimeric analysis of VWF to investigate the distribu-

tion of multimers of VWF in patients with SARDs. This study

is the first report of multimeric analysis in SARDs. Bockmeyer
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et al32 reported that HMW-VWF was increased in a porcine

septic model 12 hours after sepsis induction, with decreased

levels of ADAMTS13 and platelet thrombosis in the kidney.

This finding may indicate that increased secretion of UL-VWF

from damaged endothelium by sepsis induction will increase

HMW-VWF in the early phases of vascular endothelial cell

damage and enhanced proteolysis of VWF, resulting in con-

sumption and decreased levels of ADAMTS13. We speculated

that HMI (relative ratio of HMW-VWF) would be increased in

patients with SARDs at diagnosis and UL-VWF would be

found in the severest form of SARDs. However, we did not

find significant increase of HMI and UL-VWF in patients with

SARDs compared with controls. The reason for the insignif-

icant increase in HMI and lack of UL-VWF may be because the

patients with SARDs were investigated early (at diagnosis),

when they may have not had enough serious injury of their

endothelium to reduce function of ADAMTS13 resulting in

increased HMI and the appearance of UL-VWF. Nevertheless,

multivariable analysis revealed that HMI was an independent

risk factor for subsequent reduced eGFR, increased HMI can be

an indicator for endothelium injury which may be related to

renal dysfunction in patients with SARDs.

Next, we investigated the relationship of the levels of VWF-

ADAMTS13 axis-related molecules with subsequent renal dys-

function, to date, no biomarkers have been found which are

suitable to effectively identify patients with SARDs who are

destined to develop renal failure. For example, ESR as an indi-

rect indicator of inflammation, and low levels of complement

as indicators of an abnormal immune system in SLE, are usu-

ally used to estimate activity of LN, but it is unlikely that these

biomarkers will be useful in identifying patients destined to

develop LN. Therefore, we focused on the VWF-ADAMTS13

molecules related to the coagulation response—one of the

defensive responses other than inflammatory and immune

responses—because the coagulation response can also be acti-

vated in SARDs and may correlate with the pathophysiological

changes of renal dysfunction. Thus, we examined the relation-

ship of VWF, VWF-pp, ADAMTS13, and HMI levels with renal

dysfunction. We determined the optimal cutoff point for each

biomarker in the ROC analysis for subsequent renal dysfunction.

The ROC analysis demonstrated that the AUC of VWF-pp was

the highest among the biomarkers, and VWF-pp level over

210% or 232% could predict subsequent reduced GFR or

appearance of new abnormal urine findings, respectively, with

a sensitivity of 78.6% or 77.8% and a specificity of 73.5% or

77.8% (Figures 2 and 3). Furthermore, VWF-pp was a signifi-

cant independent risk factor for subsequent reduced eGFR and

abnormal urine findings with multivariable analysis in age, sex,

ADAMTS13, VWF, and HMI adjusted model, with ORs of 8.78

and 22.8, respectively. These findings suggest that VWF-pp on

the day of diagnosis can be a good biomarker to identify patients

destined to develop renal dysfunction within 1 year. Von Will-

ebrand factor propeptide may be the best biomarker for vascular

endothelial cell damage and the best predictor for subsequent

renal dysfunction in SARDs.

To investigate why VWF-pp can predict renal dysfunction,

we focused on patients with SLE. We evaluated whether the

conventional laboratory markers used to represent SLE inflam-

matory or immunological activity can differentiate between

patients with or without subsequent renal dysfunction. No dif-

ferences were noted in ESR, C3, C4, CH50, IC, and anti-

dsDNA Ab between the patients with or without subsequent

renal dysfunction (Table 4), while VWF-pp level did differ-

entiate those patients. This finding means that vascular

endothelial cell damage expressed by increased VWF-pp level

on the day of diagnosis of SLE may not be caused by inflam-

matory or immunological changes and may be most associated

with the cause of subsequent renal dysfunction.

It is intriguing to think what factors lead to vascular

endothelial alterations represented by increased VWF-pp,

because suppressing those factors could possibly be a reason-

able treatment to prevent subsequent renal dysfunction.

Numerous reports have demonstrated that vascular endothelial

activation, dysfunction, or injury are associated with disease

activity in SLE. These vascular endothelial alterations have

been observed in SLE using E-selectin,33 thrombomoullin,34

endothelin-1,35 flow-mediated dilatation,36 circulating vascular

endothelial cells,37 vascular endothelial microparticles,38 and

so on. Nevertheless, the vascular endothelial alterations

expressed by these biomarkers do not always correlate with

each other and the level of disease activity of SLE.37,39 It is

possible that VWF-pp level represents the extent of vascular

endothelial apoptosis, because vascular endothelial apoptosis

also can cause vascular endothelial dysfunction.39 If so, VWF-

pp may be a marker for developing high incidence of athero-

sclerotic vascular events in patients with SLE.39

If we could determine a priori who with SARDs will

develop renal dysfunction using VWF-pp level in addition to

the conventional biomarkers such as ESR or complement level,

such patients could be followed closely and treated better or

differently according to the VWF-pp level to prevent renal

dysfunction.

Limitations

Some limitations in this study are worth noting. We selected

subtle changes in renal function including reduced GFR by

more than 25% and appearance of new abnormal urine find-

ings. But these trivial nephropathies may not always be suitable

as a predictor or as the first signs of permanent renal dysfunc-

tion leading to ESRD. Furthermore, this study was retrospec-

tive and limited to only a small number of patients; larger and

controlled prospective studies are necessary to validate these

findings. In addition, a pathological diagnosis of vasculitis was

not determined in all cases.

Conclusion

We found a significantly increased plasma VWF-pp level and a

significantly decreased ADAMTS13 level in patients diag-

nosed with SARDs. The plasma level of VWF-pp in patients

Yada et al 7



with SARDs at diagnosis may be a more sensitive biomarker

for subsequent renal dysfunction within 1 year than VWF,

ADAMTS13, and HMI levels and may lead to a new therapeu-

tic approach to prevent vasculitis and renal dysfunction.

Acknowledgments

The authors wish to acknowledge Dr Bolstad Francesco, Professor of

the Department of Clinical English, Nara Medical University, for help

to edit the manuscript.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for

the research, authorship, and/or publication of this article: This work

was supported in part by grants from the MEXT KAKENHI

(#18K07420 to KN).

Ethical Approval

Ethical approval to report this case series was obtained from ethical

committee of Nara Medical University (Approval Number 1413).

Written informed consent was obtained from the patients for their

anonymized information to be published in this article.

ORCID iD

Kenji Nishio https://orcid.org/0000-0003-0851-9643

References

1. Sadler JE. Biochemistry and genetics of von Willebrand factor.

Annu Rev Biochem. 1998;67:395-424.

2. Petri B, Broermann A, Li H, et al. Von Willebrand factor pro-

motes leukocyte extravasation. Blood. 2010;116(22):4712-4719.

3. Dasgupta S, Repesse Y, Bayry J, et al. VWF protects FVIII from

endocytosis by dendritic cells and subsequent presentation to

immune effectors. Blood. 2007;109(2):610-612.

4. Haberichter SL. Von Willebrand factor propeptide: biology and

clinical utility. Blood. 2015;126(15):1753-1761.

5. van Mourik JA, Boertjes R, Huisveld IA, et al. Von Willebrand

factor propeptide in vascular disorders: A tool to distinguish

between acute and chronic endothelial cell perturbation. Blood.

1999;94(1):179-185.

6. Sadler JE. Von Willebrand factor: two sides of a coin. J Thromb

Haemost. 2005;3(8):1702-1709.

7. Coppo P, Veyradier A, Durey MA, et al. Pathophysiology of

thrombotic microangiopathies: current understanding [in French].

Ann Med Interne (Paris). 2002;153(3):153-166.

8. Zheng X, Chung D, Takayama TK, Majerus EM, Sadler JE, Fuji-

kawa K. Structure of von Willebrand factor-cleaving protease

(ADAMTS13), a metalloprotease involved in thrombotic throm-

bocytopenic purpura. J Biol Chem. 2001;276(44):41059-41063.

9. Sadler JE, Moake JL, Miyata T, George JN. Recent advances in

thrombotic thrombocytopenic purpura. Hematology Am Soc

Hematol Educ Program. 2004:407-423.

10. Reiter RA, Knobl P, Varadi K, Turecek PL. Changes in von Will-

ebrand factor-cleaving protease (ADAMTS13) activity after infu-

sion of desmopressin. Blood. 2003;101(3):946-948.

11. Almaani S, Meara A, Rovin BH. Update on lupus nephritis. Clin J

Am Soc Nephrol. 2017;12(5):825-835.

12. Ledford-Kraemer MR. Analysis of von Willebrand factor struc-

ture by multimer analysis. Am J Hematol. 2010;85(7):510-514.

13. Kanda Y. Statistical analysis using freely-available “EZR (Easy

R)” software [in Japanese]. Rinsho Ketsueki. 2015;56(10):

2258-2266.

14. Luo GP, Ni B, Yang X, Wu YZ. Von Willebrand factor: more

than a regulator of hemostasis and thrombosis. Acta Haematol.

2012;128(3):158-169.

15. La Mura V, Reverter JC, Flores-Arroyo A, et al. Von Willebrand

factor levels predict clinical outcome in patients with cirrhosis

and portal hypertension. Gut. 2011;60(8):1133-1138.

16. Habe K, Wada H, Matsumoto T, et al. Plasma ADAMTS13, von

Willebrand Factor (VWF), and VWF propeptide profiles in

patients with connective tissue diseases and antiphospholipid syn-

drome. Clin Appl Thromb Hemost. 2017;23(6):622-630.

17. Spiel AO, Gilbert JC, Jilma B. Von Willebrand factor in cardio-

vascular disease: focus on acute coronary syndromes. Circulation.

2008;117(11):1449-1459.

18. Borchiellini A, Fijnvandraat K, Ten Cate JW, et al. Quantitative

analysis of von Willebrand factor propeptide release in vivo:

effect of experimental endotoxemia and administration of 1-dea-

mino-8-D-arginine vasopressin in humans. Blood. 1996;88(8):

2951-2958.

19. van Mourik JA, Romani de Wit T. Von Willebrand factor propep-

tide in vascular disorders. Thromb Haemost. 2001;86(1):164-171.

20. Fukushima H, Nishio K, Asai H, et al. Ratio of von Willebrand

factor propeptide to ADAMTS13 is associated with severity of

sepsis. Shock. 2013;39(5):409-414.

21. Vischer UM, Emeis JJ, Bilo HJ, et al. Von Willebrand factor

(vWf) as a plasma marker of endothelial activation in diabetes:

improved reliability with parallel determination of the vWf pro-

peptide (vWf: AgII). Thromb Haemost. 1998;80(6):1002-1007.

22. Hollestelle MJ, Donkor C, Mantey EA, et al. Von Willebrand

factor propeptide in malaria: evidence of acute endothelial cell

activation. Br J Haematol. 2006;133(5):562-569.

23. Santos MJ, Carmona-Fernandes D, Canhao H, Canas da Silva J,

Fonseca JE, Gil V. Early vascular alterations in SLE and RA

patients–a step towards understanding the associated cardiovas-

cular risk. PLoS One. 2012;7(9):e44668.

24. Mannucci PM, Vanoli M, Forza I, Canciani MT, Scorza R. Von

Willebrand factor cleaving protease (ADAMTS-13) in 123

patients with connective tissue diseases (systemic lupus erythe-

matosus and systemic sclerosis). Haematologica. 2003;88(8):

914-918.

25. Denorme F, Kraft P, Pareyn I, et al. Reduced ADAMTS13 levels

in patients with acute and chronic cerebrovascular disease. PLoS

One. 2017;12(6):e0179258.

26. Palyu E, Harsfalvi J, Tornai T, et al. Major changes of von Will-

ebrand factor multimer distribution in cirrhotic patients with sta-

ble disease or acute decompensation. Thromb Haemost. 2018;

118(8):1397-1408.

8 Clinical and Applied Thrombosis/Hemostasis

https://orcid.org/0000-0003-0851-9643
https://orcid.org/0000-0003-0851-9643
https://orcid.org/0000-0003-0851-9643


27. Wolters FJ, Boender J, De Vries PS, et al. Von Willebrand factor

and ADAMTS13 activity in relation to risk of dementia: a

population-based study. Sci Rep. 2018;8(1):5474.

28. Russell RT, McDaniel JK, Cao W, et al. Low plasma ADAMTS13

activity is associated with coagulopathy, endothelial cell damage

and mortality after severe paediatric trauma. Thromb Haemost.

2018;118(4):676-687.

29. Sonneveld MA, Franco OH, Ikram MA, et al. Von Willebrand

factor, ADAMTS13, and the risk of mortality: the Rotterdam

study. Arterioscler Thromb Vasc Biol. 2016;36(12):2446-2451.

30. Maino A, Siegerink B, Lotta LA, et al. Plasma ADAMTS-13

levels and the risk of myocardial infarction: an individual

patient data meta-analysis. J Thromb Haemost. 2015;13(8):

1396-1404.

31. Bockmeyer CL, Claus RA, Budde U, et al. Inflammation-

associated ADAMTS13 deficiency promotes formation of

ultra-large von Willebrand factor. Haematologica. 2008;93(1):

137-140.

32. Bockmeyer CL, Reuken PA, Simon TP, et al. ADAMTS13 activ-

ity is decreased in a septic porcine model. Significance for glo-

merular thrombus deposition. Thromb Haemost. 2011;105(1):

145-153.

33. Belmont HM, Buyon J, Giorno R, Abramson S. Up-regulation of

endothelial cell adhesion molecules characterizes disease activity

in systemic lupus erythematosus. the shwartzman phenomenon

revisited. Arthritis Rheum. 1994;37(3):376-383.

34. Witte T, Hartung K, Sachse C, et al. Thrombomodulin in systemic

lupus erythematosus: association with clinical and laboratory

parameters. Rheumatol Int. 1999;19(1-2):15-18.

35. Kuryliszyn-Moskal A, Klimiuk PA, Ciolkiewicz M, Sierakowski

S. Clinical significance of selected endothelial activation markers

in patients with systemic lupus erythematosus. J Rheumatol.

2008;35(7):1307-1313.

36. Mauro D, Nerviani A. Endothelial dysfunction in systemic lupus

erythematosus: pathogenesis, assessment and therapeutic oppor-

tunities. Rev Recent Clin Trials. 2018;13(3):192-198.

37. Attia FM, Maaty A, Kalil FA. Circulating endothelial cells as a

marker of vascular dysfunction in patients with systemic lupus

erythematosus by real-time polymerase chain reaction. Arch

Pathol Lab Med. 2011;135(11):1482-1485.

38. Tyden H, Lood C, Gullstrand B, et al. Endothelial dysfunction is

associated with activation of the type I interferon system and

platelets in patients with systemic lupus erythematosus. RMD

Open. 2017;3(2):e000508.

39. Rajagopalan S, Somers EC, Brook RD, et al. Endothelial cell

apoptosis in systemic lupus erythematosus: a common pathway

for abnormal vascular function and thrombosis propensity. Blood.

2004;103(10):3677-3683.

Yada et al 9



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


