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Introduction
Von Willebrand factor (VWF) is an adhesive protein synthe-
sized in the endothelial cells and megakaryocytes, and it is 
found in the subendothelial matrix, blood plasma, platelets, 
and endothelium. Biosynthesis of VWF occurs when mRNA 
is translated as a pre-pro-VWF, a 2,813-residue polypeptide 
consisting of a 22-residue signal peptide, a 741-residue VWF 
propeptide (VWFpp), and the 2,050-residue mature sub-
unit.1,2 Upon synthesis, VWF is cleaved from VWFpp that 
converts into a mature VWF. Both VWFpp and mature VWF 
are packaged into secretory granules in endothelial cells and 
megakaryocytes. VWF multimers and VWFpp are secreted 
together in 1:1 stoichiometric amounts.1–3 The plasma VWF 
levels vary widely and are determined by many factors and 
conditions such as older age, pregnancy, and diseases related 
to endothelial dysfunction.1 Genetic variation such as ABO 
blood group also affect the levels of VWF, of which individu-
als with blood group O showed a lower level of VWF than 
individuals with non-O blood groups.4–6

Previous studies showed that both VWF and VWFpp 
levels were elevated in acute vascular diseases that are associ-
ated with endothelial dysfunction.7–10 Recently, the measure-
ment of plasma VWFpp has been proposed as a more sensitive 
marker of vascular endothelial cell dysfunction. Although both 
VWF and VWFpp are secreted from injured endothelial cells, 

the plasma VWFpp clearly reflects endothelial cell dysfunction 
as platelet aggregation does not consume the VWFpp unlike 
VWF antigen (VWF:Ag).9 Furthermore, previous studies  
have demonstrated that the plasma levels of VWFpp are not 
influenced by ABO blood group.4,11 In this present study,  
a correlation study was performed to determine the strength 
of the relationship between VWF:Ag and VWFpp levels in 
all the subjects recruited (healthy individuals and patients). 
The levels of VWF:Ag and VWFpp in healthy individuals 
(control group) and patients with various medical conditions 
were also compared according to their ABO blood groups to 
determine the effect of blood group types (O and non-O blood 
groups) on the levels of VWF:Ag and VWFpp.

Von Willebrand disease (VWD) is a bleeding disorder 
associated with VWF:Ag deficiency. Another interesting 
feature is the application of the ratio of VWFpp/VWF:Ag 
in the diagnosis of peculiar type I VWD.12,13 The VWFpp/
VWF:Ag ratio is used to identify a subtype of VWD patients 
with VWF:Ag deficiency because of increased plasma VWF 
clearance.13,14 However, very limited studies on high VWF:Ag 
and VWFpp, which can be associated with thrombotic risk 
have been performed. Thus, the present study was carried out 
to provide more information on the subject of thrombotic risk. 
This study aimed to compare VWF:Ag levels, VWFpp levels, 
and VWFpp/VWF:Ag ratio in two groups of patients with 
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vascular and nonvascular diseases associated with endothelial 
activation and thrombotic potential.

Methods
This study was approved by the Human Research Ethics 
Committee from Universiti Sains Malaysia (FWA Reg. No: 
00007718; IRB Reg. No: 00004494), and all subjects signed 
an informed consent. The research was conducted in accor-
dance with the principles of the Declaration of Helsinki.

sample collection and platelet-poor plasma prepara-
tion. Thirty healthy individuals and 42 patients were included 
in this study. The healthy individuals (control group) were 
blood donors and volunteers who were nonsmokers, not on 
any medications (including aspirin and NSAIDs), and free 
from chronic diseases such as diabetes mellitus, hypertension, 
coronary artery, and renal diseases (inclusion criteria). Subjects 
who were pregnant and involved in the strenuous exercise were 
excluded. The patients included in this study were those who 
received treatment in Hospital Universiti Sains Malaysia with 
vascular-related diseases (n = 21) and other diseases (n = 21) 
(inclusion criteria). Pregnant and postsurgical patients were 
excluded. The clinical diagnosis of patients with cardiovascular- 
related event or vascular diseases was pulmonary embolism 
(n = 2), venous thrombosis (n = 1), acute coronary syndrome 
(n = 12), stable ischemic heart disease (n = 4), and congestive 
heart failure (n = 2). Patients with noncardiovascular diseases 
were patients diagnosed with malignant/hematological disor-
ders (n = 6), liver disease (n = 3), bleeding related disorders 
(n = 4), sepsis/infectious diseases (n = 4), respiratory disor-
ders (n = 2), and gastrointestinal diseases (n = 2). The details 
about these two different patient groups are listed in Supple-
mentary Tables 2 and 3. Blood samples from the two patient 
groups were collected in September 2013 (n = 16), October 
2013 (n = 8), November 2013 (n = 5), December 2013 (n = 8), 
January 2014 (n = 3), and February 2014 (n = 2). The dates of 
sample collection are listed in Supplementary Tables 2 and 3.

A blood sample from each subject was collected into 
collection tubes containing 3.2% sodium citrate (Becton, 
Dickinson and Company). The blood sample was centrifuged 
at 2,500 g at 24 °C for 15 minutes. After centrifugation, the 
top three quarters of plasma were transferred into a plastic 
tube using a plastic transfer pipette. The plasma in the plastic 
tube was centrifuged again at 2,500 g at 24 °C for 15 minutes. 
Following centrifugation, the plasma from the plastic tube 
was transferred into aliquot tubes, leaving about 0.5 mL in the 
bottom of the first tube. The plasma in the aliquot tubes was 
frozen at −70 °C until use. On the day of testing, plasma sam-
ples were thawed at 37 °C for ten minutes and mixed gently.

test procedure. Determination of VWF:Ag and 
VWFpp levels in 30 healthy individuals and 42 patients were 
performed using the LIFECODES VWF and Propeptide 
Assay from Gen-Probe Incorporated (Cat. no.: TPN-VP). 
The LIFECODES VWF & Propeptide Assay is an enzyme-
linked immunosorbent assay (ELISA) for the measurement of 

VWF and VWFpp in plasma. According to the manufacturer, 
intra-assay and inter-assay precisions of VWF:Ag assay were 
,6% and ,12%, respectively. The intra-assay and inter-assay 
precisions of VWFpp assay were ,10% and ,25%, respec-
tively. The ELISA method was conducted according to the 
manufacturer’s instructions.

Briefly, diluted calibrators, controls, and sample plasma 
were added to microwell strips to which monoclonal antibod-
ies specific for VWF and VWFpp have been immobilized. The 
microwells were then incubated followed by a wash step. Sub-
sequently, the microwell strips were incubated with a biotiny-
lated monoclonal antibody specific for the VWF and VWFpp 
that has been captured in the wells. After that, a wash step was 
performed followed by incubation with streptavidin-labeled 
horseradish peroxidase. Following this incubation, a wash step 
was performed, and then, a fluorescent substrate was added. 
Finally, the microwells were incubated, and then, the reaction 
was stopped by the addition of a stopping solution.

The fluorescence of each calibrator, controls, and samples 
were measured using a spectral scanning multimode reader 
(Thermo Scientific Varioskan Flash) with excitation wave-
lengths between 315 and 340 nm and emission wavelengths 
between 370 and 470 nm. A standard curve was made by plot-
ting the mean fluorescence reading (n = 2) for each calibra-
tor versus its corresponding concentration of VWF:Ag and 
VWFpp using the analysis software provided in the assay 
kits. The standard curve was used to determine the levels of 
VWF:Ag and VWFpp in the controls and plasma samples.

statistical analysis. Statistical analyses were conducted 
using the SPSS program (version 20.0, SPSS). Correlation 
analysis using the Spearman’s test was performed to deter-
mine the strength of the relationship between VWF:Ag and 
VWFpp levels that is showed by the correlation coefficient 
value (r). r $ 0.8 showed very strong relationship, r = 0.6–0.8 
showed moderately strong relationship, r = 0.3–0.5 showed 
fair relationship, and r , 0.3 showed poor relationship.15 In 
a comparison study between VWF:Ag and VWFpp, data 
were given as median (25th–75th percentile) because the val-
ues were not normally distributed. Comparison of the median 
between groups was performed using Mann–Whitney U test. 
Reference ranges were estimated by analyzing 25th–75th per-
centile of VWF:Ag levels of 30 healthy individuals according 
to the blood groups. A P value of less than 0.05 was considered 
as statistically significant.

results
determination of VwF:Ag and VwFpp levels by 

eLIsA method. Two sets of microwell plates coated with 
antibodies specific for VWF or VWFpp were used in the pres-
ent study. VWF:Ag and VWFpp levels in the samples were 
determined using the standard curves of VWF:Ag (plate 1,  
R2 = 0.9996 and plate 2, R2 = 0.9976) and VWFpp (plate 1, 
R2 = 0.9996 and plate 2, R2 = 0.9993), respectively. The per-
centage differences between the duplicate results of VWF:Ag 
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and VWFpp (ie, intra-assay precision) were less than 10%. 
The percentage difference between calibrators’ results of 
the two microwell plates (ie, intra-assay precision) were less 
than 20%.

correlation analysis between VwF:Ag and VwFpp 
levels. A correlation study was performed by testing 72 plasma 
samples that were obtained from 30 healthy individuals, 21 
patients with vascular-related diseases, and 21 patients with 
other diseases, including malignant and inflammatory disor-
ders (Supplementary File). VWF:Ag and VWFpp levels were 
strongly correlated (Spearman’s rho = 0.849, P , 0.001) across 
a range of VWF:Ag from 56 to 546 IU/dL. Figure 1 shows a 
scatterplot of the relationship between VWF:Ag and VWFpp 
assays by the ELISA method. The scatterplot showed a linear, 
positive, and strong relationship between the two tests.

comparison between VwF:Ag and VwFpp levels in 
healthy individuals and patients. Subjects in the present study 
were divided into two groups: healthy individual and patient 
groups (Supplementary File). Demographic data of the groups 
are shown in Table 1. Median levels of VWF:Ag and VWFpp 
in the healthy individual and patient groups were compared 
according to all blood groups, O blood and non-O blood groups. 
Patients with various clinical conditions showed significantly 
higher levels of VWF:Ag and VWFpp (Table 2) compared to 
healthy individuals regardless of the blood group types.

Comparison within the subject group (ie, healthy indi-
viduals and patients) showed that healthy individuals with  
O blood group have significantly lower median levels of 
VWF:Ag compared to healthy individuals with non-O blood 
group (95 vs 148 IU/dL, P = 0.001). Nevertheless, the median 
VWF:Ag levels between patients with O blood group and 
patients with non-O blood group were not significantly differ-
ent (259 vs 231 IU/dL, P = 0.165).

The differences in median levels of VWFpp between 
patients with O blood group and patients with non-O blood 
group were not significantly different (187 vs 234, P = 0.367). 
In contrast to VWF:Ag levels, the median levels of VWFpp 
in healthy individuals with O blood group and healthy indi-
viduals with non-O blood group were not significantly differ-
ent (76 vs 83, P = 0.161).

Table 2 shows the median levels of VWFpp/VWF:Ag 
ratio in healthy individuals and patients according to all blood 
groups, O blood group and non-O blood group. As shown in 
the table, the median difference of VWFpp/VWF:Ag ratio 
between healthy individuals and patients was significantly 
different in all blood groups and non-O blood group. Com-
parison of the ratio between O blood group and non-O blood 
group within the subject group was statistically different in 
healthy individuals (0.8 vs 0.6, P = 0.028).

table 1. Demographic characteristics of healthy individuals and 
patients.

vARiABlES hEAlthY iNDiviDuAlS  
(n = 30)

PAtiENtS  
(n = 42)

age range (years) 19–54 15–69

Gender, n (%)

male 14 (46.7%) 23 (54.8%)

Female 16 (53.3%) 19 (45.2%)

Blood group, n (%)

o 13 (43.3%) 11 (26.2%)

non-o 17 (56.7%) 31 (73.8%)
 

table 2. median levels of VWF antigen, VWFpp, and VWFpp/
VWF:ag ratio in healthy individuals and patients.

vARiABlES mEDiAN (25th-75th PERCENtilE)

hEAlthY  
iNDiviDuAlS

PAtiENtS aP vAluE

vWF:Ag (iu/dl)

all blood group 128 (94–163) 242 (202–319) ,0.001

o blood group 95 (83–126) 259 (239–293) ,0.001

non-o blood group 148 (125–180) 231 (194–340) ,0.001

vWFpp (u/dl)

all blood group 83 (74–98) 230 (141–307) ,0.001

o blood group 76 (62–93) 187 (115–266) ,0.001

non-o blood group 83 (76–102) 234 (141–317) ,0.001

vWFpp/vWF:Ag ratio

all blood group 0.7 (0.6–0.8) 0.9 (0.6–1.2) 0.006

o blood group 0.8 (0.7–0.9) 0.6 (0.4–1.0) 0.531

non-o blood group 0.6 (0.5–0.8) 0.9 (0.7–1.2) ,0.001

Note: aP , 0.05 is considered statistically significant.
Abbreviations: VWF, von Willebrand factor; VWF:ag, von Willebrand factor 
antigen; VWFpp, von Willebrand factor propeptide.
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Figure 1. scatterplot of the relationship between the levels of VWF:ag 
and VWFpp determined by the eLisa method (spearman’s rho = 0.849, 
P , 0.001).
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Comparison of the median was also made between 
patients with other diseases (n = 21) and patients with 
cardiovascular- and vascular-related diseases (n = 21). Median 
levels of VWF:Ag (231 vs 249, P = 0.715) and VWFpp (239 
vs 236.5, P = 0.064) were comparable between the two groups 
of patients, and the difference was not statistically significant.

discussion
High VWF:Ag and VWFpp levels were reported in vascular 
diseases associated with endothelial dysfunction.4–7,10 VWF:Ag 
has been listed as one of the hemostatic biomarkers although it 
is not widely used in clinical practice. Since VWFpp is secreted 
together with mature VWF upon stimulation, VWFpp is, 
therefore, a candidate marker of endothelial dysfunction. 
Hence, the measurement of VWFpp levels might be useful 
in the future clinical practice. It is important to understand 
the physiological and pathophysiological differences between 
VWF:Ag and VWFpp. At present, limited service is offered 
by the medical laboratories for the measurement of VWFpp. 
In addition, the application of VWFpp is only limited to the 
research field and specialized hemostasis center. Although the 
use of VWFpp in bleeding disorder (VWD) is established, its 
application is still uncertain in thrombotic diseases.

A strong correlation was found between VWF:Ag and 
VWFpp in this study that was supported by previous stud-
ies.4,16 In this study, VWF:Ag and VWFpp levels were signif-
icantly increased in patients compared to healthy individuals. 
Increase in VWF:Ag and VWFpp levels was also seen in the 
two groups of patients: vascular-related diseases and other dis-
ease groups (such as cancers and liver diseases). These findings 
were also reported by other investigators.7–10,16 Thus, VWFpp 
could serve as a potential biomarker reflecting pathophysi-
ological changes reactive to the underlying diseases, similar to 
VWF:Ag as previously described.

The effect of blood group types (O and non-O blood 
groups) was only seen in VWF:Ag levels in healthy individu-
als in this present study. Low levels of VWF:Ag in O blood 
group healthy individuals is because of the rapid clearance 
of VWF that is related to the presence of ABO antigens in 
the N-linked oligosaccharide side chains on the VWF mole-
cule.4 In contrast, VWFpp levels in healthy individuals are 
not affected by the ABO blood group types as found in this 
study and other studies.4,14 However, the effect of blood group 
types was not seen in this study among the patients with high 
levels of VWF:Ag. This finding is probably because of active 
endothelial cells damage, which could have masked the effect 
of the blood group types on VWF:Ag. Similarly, the levels 
of VWFpp in patients with high levels of VWF:Ag were not 
affected by the blood group types in this present study. How-
ever, these findings are only preliminary and need to be verified 
with more data on VWFpp in various medical conditions.

In the present study, there was a significant difference 
in VWFpp/VWF:Ag ratio between healthy individuals and 
patients with high levels of VWF:Ag. This finding was also 

reported in the other study.10 More investigations are required 
to confirm the role of VWFpp/VWF:Ag ratio in patients with 
specific medical condition especially in predicting the throm-
botic risk. In this study, it was found that VWFpp/VWF:Ag 
ratio in the patient group was significantly higher than the 
ratio in the healthy individual group. The clinical usefulness 
of the VWFpp/VWF:Ag ratio in patients with normal or 
high VWF:Ag is uncertain. In contrast to the low baseline 
VWF:Ag levels, high ratio of VWFpp/VWF:Ag is associ-
ated with decreased half-life of VWF in circulation, and the 
ratio is used to identify VWD patients with a shorter VWF 
survival.11,12,14 An increase in VWFpp/VWF:Ag ratio (2–3) 
has been shown in some type 1 VWD, atypical type 2B, and 
type 2B VWD patients carrying the mutated VWF.13 In this 
present study, VWFpp/VWF:Ag ratio in healthy individuals 
with O blood group was significantly increased as compared to 
healthy individuals with non-O blood group. Previous studies 
have also reported similar findings.12,14 These findings might 
be because of the rapid clearance of VWF in O blood group 
individuals that showed a lower level of VWF:Ag compared to 
non-O blood group individuals. Interestingly, VWFpp is not 
affected by ABO blood groups probably because of the differ-
ence in VWF molecule and VWFpp structural organization.

There was no significant difference in the levels of 
VWF:Ag and VWFpp between the two groups of patients 
(cardiovascular- and vascular-related diseases and other dis-
eases groups) in this study. Both VWF and VWFpp are 
acute phase proteins that are released into blood circulation 
upon synthesis or stimulation. High levels of VWF:Ag and 
VWFpp also indicate endothelial cells activation that might 
serve as markers of endothelial dysfunction. Hence, high 
levels of VWF:Ag and VWFpp might be useful as disease 
biomarker associated with endothelial injury that can be seen 
in various conditions, including infection, malignant disor-
ders, and cardiovascular diseases. Many studies have shown 
VWF as a useful biomarker in mortality prediction,16 disease 
prediction,17 clinical event prediction,18 disease prognosis,19 
and disease assessment.20 Although VWF:Ag and VWFpp 
are nonspecific markers, the clinical impact of endothelial 
dysfunction can be investigated by measuring their levels and 
may be useful in various clinical conditions particularly asso-
ciated with thrombotic potentials (vascular-related disorders). 
VWFpp could be used for the monitoring of cardiovascular 
diseases by serial testing of the levels and probably have a role 
in the prediction of acute vascular event.

This present study is a preliminary study that investigated 
the potential role of VWFpp as a biomarker across diseases. 
Thus, there are some limitations that may affect the results of the 
present study. First, ELISA is the only assay used in this study. 
In future, other assays such as western blotting and mRNA 
determination could be considered to conclude the finding. 
Second, the sample size in this study was small and there was 
heterogeneity among the patient samples, which contained 21 
patients with vascular-related diseases, including cardiovascular 
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cases, and 21 patients with other diseases. Besides that, data 
from patients with cardiovascular diseases and other diseases 
were grouped together as patients. In future, the additional 
number of patients from each group needs to be studied. Besides 
that, the data from the two different patient groups should be 
analyzed separately using adequate number of samples. The age 
variation of the subjects and selection of the test method possi-
bly had influenced the results of the present study and also pre-
vious studies. Moreover, the levels of VWF:Ag of some samples 
might be over- or underestimated because of the inter-assay 
variability. The subjects of the control group in the present study 
were not matched with the patients (in terms of gender and age) 
because of the constraint of recruiting healthy volunteers who 
are not on any medications or supplements. This limitation is 
also contributed by the differences in the sample populations in 
the present study and also in the previous studies. It is expected 
that age may influence the VWFpp levels as been reported for 
VWF:Ag levels. Although the data are not shown here, age 
was not a significant factor of VWF:Ag levels in this present 
study. Using simple linear regression analyses, age (P , 0.001)  
and subject group (P , 0.001) were significant factors of 
VWF:Ag levels. However, following multiple linear regression 
analysis, the subject group was the only significant factor of 
VWF:Ag levels (P , 0.001). Nevertheless, the finding should 
be interpreted cautiously as bigger sample size is required  
for confirmation.

conclusion
This study demonstrated that the VWFpp is not affected by 
ABO blood group types unlike VWF:Ag. Although the ratio 
of VWFpp/VWF:Ag is important in VWD patients, the 
ratio might not be clinically useful to indicate increased clear-
ance in patients with high levels of VWF:Ag and VWFpp. 
VWFpp levels increased in parallel with VWF:Ag levels 
in patients with various clinical conditions associated with 
endothelial injury. Hence, VWFpp level is recommended as 
one of the potential hemostatic biomarkers useful for many 
purposes requiring more studies to be conducted. VWFpp is 
a potential biomarker reflecting one of the pathophysiological 
changes because of endothelial injury and probably superior to 
VWF:Ag as it is not affected by the ABO blood group types.
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