Elevated Levels of von Willebrand Factor in Cirrhosis

Support Platelet Adhesion Despite Reduced
Functional Capacity
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Cirrhosis of the liver is frequently accompanied by complex alterations in the hemostatic system,
resulting in a bleeding tendency. Although many hemostatic changes in liver disease promote
bleeding, compensatory mechanisms also are found, including high levels of the platelet adhesive
protein von Willebrand Factor (VWF). However, conflicting reports on the functional properties
of VWF in cirrhosis have appeared in literature. We have measured a panel of VWF parameters
in plasma from patients with cirrhosis of varying severity and causes. Furthermore, we assessed
the contribution of VWF to platelet adhesion, by measuring the ability of plasma from patients
with cirrhosis to support adhesion of normal or patient platelets under flow conditions. VWF
antigen levels were strongly increased in patients with cirrhosis. In contrast, the relative collagen
binding activity, as well as the relative ristocetin cofactor activity, was significantly lower in
patients as compared with controls, indicating loss of function. Accordingly, patients had a
reduced fraction of high-molecular-weight VWF multimers. Both strongly elevated and reduced
activity and antigen levels of the VWF cleaving protease ADAMTS13 were found in individual
patients. Adhesion of either normal or patient platelets to a collagen surface was substantially
increased when these platelets were resuspended in plasma of patients with cirrhosis, as compared
with control plasma. In conclusion, highly elevated levels of VWF in patients with cirrhosis
contribute to the induction of primary hemostasis despite reduced functional properties of the
molecule. This phenomenon might compensate for defects in platelet number and function in

patients with cirrhosis. (HEPATOLOGY 2006;44:53-61.)

irthosis of the liver is often accompanied by ex-
tensive alterations in the hemostatic system. A
decreased platelet count, impaired platelet func-
tion, a decreased thrombin generating capacity, defective
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fibrin formation due to dysfibrinogenemia, and defects in
the fibrinolytic system may all be encountered in these
patients (reviewed in Lisman et al.'). The net effect of
these hemostatic changes is a bleeding tendency, which
may be particularly manifested during invasive proce-
dures.

Although many of the hemostatic changes found in
patients with cirrhosis result in a reduced hemostatic ca-
pacity, compensatory mechanisms are also found. For ex-
ample, the reduction in thrombin generating capacity
caused by reduced levels of procoagulant proteins is, in
part, compensated by the concomitant reduction of the
natural anticoagulants.! In fact, tissue factor—induced
thrombin generation, which is substantially depressed in a
prothrombin-like assay, is completely normalized on ad-
dition of thrombomodulin, which allows activation of the
anticoagulant protein C system.? Similarly, the reduction
in profibrinolytic proteins may (in part) be compensated
for by reduction of antifibrinolytics.>4

A mild to moderate thrombocytopenia and a poorly
defined thrombocytopathia are often present in patients
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with cirrhosis, but their clinical relevance is unclear. A
possible compensatory mechanism for these platelet ab-
normalities is the presence of abnormally high plasma
levels of von Willebrand factor (VWEF).> VWF is a large,
multimeric protein with a crucial role in primary hemo-
stasis, as evidenced by the severe bleeding tendency asso-
ciated with complete VWF deficiency.® Conversely,
elevated levels of VWEF are associated with (arterial)
thrombosis.” Platelet—VWF interaction is the first step in
platelet adhesion. After vessel wall damage, VWF from
the circulation binds to exposed collagen fibers in the
subendothelium. Once bound to collagen, VWF is able to
interact with platelet glycoprotein Ib. Through transient
VWE-glycoprotein Ib interactions, the platelet slows
down, allowing subsequent stable interaction of the plate-
let with collagen through the collagen receptors @231 and
glycoprotein VI.

The elevated levels of VWF in cirrhosis may be a con-
sequence of endothelial perturbation, possibly caused by
bacterial infection.> Another possible mechanism of ele-
vated VWF in cirrhosis is induction of synthesis of VWF
in the liver with cirrhosis itself,® or reduced liver-mediated
clearance. Although it is established that VWF antigen
levels are increased in patients with cirrhosis, relatively
little is known on the functional capacity of the protein in
these patients. Conflicting reports on the capacity of
VWF to bind platelets (as measured by ristocetin- or
botrocetin-induced platelet aggregation) have appeared in
literature, and patient numbers in these studies were
small.>?1° An important qualitative aspect of VWF is its
multimeric composition. The high-molecular-weight
multimers are more potent in supporting hemostasis, as
they have a higher affinity for both glycoprotein Ib and
collagen. The multimeric composition of VWF is partly
regulated by the VWEF cleaving protease ADAMTS13.
Reduced levels of ADAMTS13 have been found in pa-
tients with liver disease, suggesting that elevated amounts
of high-molecular-weight multimers may circulate in
these patients.!" However, the multimeric structure has
been reported as either normal® or reduced,® which may
indicate that VWF proteolysis in liver disease is also ac-
complished by other proteases such as plasmin or elas-
tase.'?

In this study, qualitative and quantitative parameters
of VWEF were measured in a large group of patients with
cirrhosis of varying severity and causes. Parameters exam-
ined were VWF antigen levels, VWF ristocetin cofactor
activity, which is a measure for the ability of VWF to
interact with platelet glycoprotein Ib, the VWF collagen-
binding activity, the VWF cleaving protease ADAMTS13
antigen and activity, the multimeric structure of VWF,
and the levels of the propeptide of VWF. In addition, the
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ability of plasma from patients with cirrhosis to support
adhesion of normal or patient platelets under flow condi-
tions was examined. The combined results of these assays
provide more insight to what extent elevated VWF levels
in these patients contribute to induction of hemostasis.

Patients and Methods

Patients. Fifty-four patients with biopsy-proven cir-
rhosis of various causes—alcohol abuse (n = 16), viral
hepatitis (n = 19), autoimmune hepatitis (n = 2), pri-
mary biliary cirrhosis (n = 4), cryptogenic cirrhosis (n =
8), and others (n = 5)—were included in this study. The
patients were classified according to Pugh’s modification
of the Child classification.!? Nineteen patients with Child
A cirrhosis, 17 patients with Child B cirrhosis, and 18
patients with Child C cirrhosis were studied. In addition,
five patients with acute liver failure were studied. Most
patients were hospitalized for a short period as part of a
liver transplant screening program in a single institution
(Erasmus MC, Rotterdam, The Netherlands) at the time
of inclusion. None of the patients received transfusion of
platelets or plasma, and they did not use aspirin or other
non-steroidal anti-inflammatory drugs in the 2 weeks be-
fore the blood draw. One patient in the Child A and three
in the Child C group were on antibiotics at the time of the
blood draw. One patient in the Child C group was admit-
ted to the hospital with sepsis, and one was admitted for
bacterial peritonitis. One patient in the Child C group
had diabetes mellitus and hepatorenal syndrome.

A group of 40 healthy volunteers from our laboratory
was used to establish reference values for all assays used.
Pooled normal plasma was obtained by combining
plasma from these healthy volunteers. In the platelet ad-
hesion experiments, pooled cirrhosis plasma was used.
For this, plasma from four patients with Child’s A, four
patients with Child’s B, and four patients with Child’s C
cirrhosis was combined. For the platelet adhesion experi-
ments, we recruited three additional patients with cirrho-
sis (all three had Child’s C cirrhosis of alcoholic origin)
and three healthy volunteers.

Blood samples were obtained by venipuncture from
the antecubital vein into 3.2% sodium citrate (9:1, v/v).
To obtain platelet-poor plasma, samples were centrifuged
twice at 2,000¢ for 15 minutes, after which the samples
were stored at —70°C until use.

Assays. VWF antigen (VWE:Ag) levels were deter-
mined using the STA Liatest from Roche (Almere, The
Netherlands) in the Behring Coagulation System (BCS,
Dade Behring, Marburg, Germany). VWF ristocetin co-
factor activity (VWF:RCo) was determined using the BC
von Willebrand reagent (Dade Behring) on the BCS ap-
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paratus. VWF:Ag and VWEF:RCo levels in pooled normal
plasma were set at 100%.

VWEF collagen binding activity was determined with
an in-house assay. In short, collagen type III (Sigma, St.
Louis, MO) was dissolved in 50 mmol/L acetic acid and
dialyzed against phosphate-buffered saline to obtain
fibrillar collagen. ELISA plates were coated with collagen
(10 pg/well), and blocked with phosphate-buffered saline
containing 3% bovine serum albumin and 0.1% Tween-
20. Plasma samples were diluted according to their
VWE:Ag content. Two dilutions, corresponding to 5 and
2.5% of the amount of VWF present in pooled normal
plasma were prepared and added to the wells. Bound
VWF was visualized using a horseradish peroxidase—con-
jugated polyclonal antibody against VWF (DAKO,
Glostrup, Denmark). The collagen binding activity of
pooled normal plasma was set at 100%, and the values
obtained in patient samples were expressed as a percentage
of pooled normal plasma.

The VWF cleaving protease ADAMTS13 activity was
measured using a rapid functional assay that determines
the digestion of VWF by ADAMTS13, based on the
method described by Gerritsen et al.'* The activity of
ADAMTS13 in pooled normal plasma was arbitrarily de-
fined as 1 U/mL. The values of ADAMTSI13 in tested
plasma samples are read from a calibration curve achieved
by incubating the VWF substrate with dilutions of a nor-
mal plasma pool. The upper detection limit was 3 U/mL.

ADAMTS13 antigen levels were measured by a com-
mercially available ELISA according to the instructions of
the manufacturer (American Diagnostica, Stamford,
CT).

VWEF multimer analysis was performed by sodium do-
decyl sulfate agarose gel electrophoresis followed by West-
ern blotting according to Brosstad et al.’> The blots were
scanned and analyzed by densitometric analysis (Image-
Quant 5.2., Molecular Dynamics, Sunnyvale, CA). The
first five bands were considered as low-molecular-weight
multimers, whereas the other bands were designated as
high-molecular-weight multimers.

VWF propeptide levels were determined by ELISA us-
ing a polyclonal antibody raised against recombinant
VWE propeptide that was purified as described.’® The
catching and detecting antibody were the same, except
that the detection antibody was conjugated with horse-
radish peroxidase. The propeptide level measured in
pooled normal plasma was set at 100%.

Platelet Adhbesion Experiments. The ability of
plasma from patients with cirrhosis to support platelet
adhesion was studied under flow conditions in a reconsti-
tuted blood model. Red cells were isolated from whole
blood from healthy volunteers who had blood group O as
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described previously.!” Platelets were isolated from three
patients with cirrhosis and three controls according to
previously published methods.!” After the final washing
step, platelets from patients or controls were resuspended
in pooled normal plasma or in pooled cirrhosis plasma.
The platelets were mixed with red cells to obtain recon-
stituted blood with a platelet count of 200,000/l and a
hematocrit of 40%. In selected experiments, reconsti-
tuted blood with a reduced platelet count (25.000 or
100.000 platelets/ L) and a hematocrit of 40% was pre-
pared. The reconstituted blood was perfused over a colla-
gen type III-coated surface using a single-pass perfusion
chamber!8 at a shear rate of 1,600s™!. Platelet adhesion
under these conditions is completely dependent on VWE.
After 2 minutes of perfusion, the coverslips were stained
with May-Griinwald and Giemsa as described previ-
ously.' Platelet adhesion was evaluated using computer-
assisted analysis with OPTIMAS 6.0 software (Dutch Vi-
sion Systems [DVS], Breda, The Netherlands) and was
expressed as the percentage of the surface covered with
platelets.

Statistical Analysis. Statistical analysis was per-
formed using the GraphPad InStat software package
(GraphPad, San Diego, CA). Differences in VWF param-
eters were examined by standard one-way analysis of vari-
ance (ANOVA) using the Tukey post-test, except for
differences in VWF propeptide, ADAMTS13 activity
and antigen levels, and VWF multimer analysis, which
were assayed using the Kruskal Wallis ANOVA with
Dunn’s post-test because in these measurements standard
deviations were substantially different between groups,
and values were not normally distributed. P values less
than .05 were considered statistically significant.

Results

VWF:Ag Levels Are Substantially Elevated in Cir-
rhosis and Acute Liver Failure. As shown in Fig. 1A,
VWE:Ag levels were strongly elevated in plasma from
patients with Child A (380% [165-980]; median
[range]), Child B (500% [130-1455]), and Child C
(760% [385-1855]) cirrhosis compared with the refer-
ence group in which the median VWF:Ag level was 107%
[38-180]) (P < .001 for mild, moderate, and severe cir-
rhosis compared with control). In the five patients with
acute liver failure, median VWEF:Ag level was 790% [650-
890] (P < .01 compared with control). When patients
were classified according to the model for end-stage liver
disease (MELD) score, we also observed a strong correla-
tion between VWE:Ag levels and severity of the disease as
assessed by the MELD score (» = 0.448, P < .001). For
calculation of the MELD score, we used the modified
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Fig. 1. VWF:Ag levels (A), VWF:RCo levels (B), and VWF:RCo/VWF:Ag
ratio (C) in patients with Child A, B, and C cirrhosis and in patients with
acute liver failure compared with VWF parameters as measured in healthy
controls. VWF:Ag and VWF:RCo levels are expressed as a percentage of
pooled normal plasma. Horizontal lines represent medians. *P < .001,
**p < 01. VWF, von Willebrand factor.

MELD score as employed by UNOS for organ allocation:
MELD = [0.957 X log,. (creatinine) + 0.378 X log.(bi-
lirubin) + 1.12 X log, (international normalized ratio) +
0.64] X 10 (available at: http://www.unos.org/re-
sources). In accordance, mean MELD scores paralleled
the Child classification. The MELD score was 10 [6-18]
(median [range]) in the Child A group, 13 [7-23] in the
Child B group, 18 [13-36] in the Child C group, and 28
[22-36] in the acute liver failure group.

Substantially Elevated VWF:RCo Levels, But De-
pressed VWF:RCo/VWF:Ag Ratio in Cirrhosis and
Acute Liver Failure. As shown in Fig. 1B, VWF:RCo
levels were found substantially elevated in patients with

Child A (300% [121-630]; median [range]), Child B
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(290% [40-900]), and Child C (610% [240-1005]) cir-
rhosis compared with the reference group in which the
median VWEF:RCo level was 105% [33-222]) (P < .001
for mild, moderate, and severe cirrhosis compared with
control). In the five patients with acute liver failure, me-
dian VWEF:RCo level was 505% [285-540] (P < .001
compared with control). However, the VWEF:RCo levels
are not elevated to the same extent as compared with the
antigen levels. In other words, although the amount of
VWEF is substantially elevated, it appears less functional
with respect to glycoprotein Ib binding. This is demon-
strated by a significantly depressed VWEF:RCo/VWF:Ag
ratio in all groups: Child A (0.75 [0.48-1.064]; median
[range]), Child B (0.60 [0.31-1.02]), and Child C (0.78
[0.41-0.93]) cirrhosis compared with the reference group
in which the median ratio was 0.96 [0.67-1.538]) (P <
.001 for mild, moderate, and severe cirrhosis compared
with control, see Fig. 1C). In the five patients with acute
liver failure, median VWF:RCo/VWEF:Ag ratio was 0.61
[0.38-0.70] (2 < .001 compared with control). The func-
tionality of VWF was reduced to the same extent in all
patients, as shown by a strong correlation between VWE:
RCo and VWEF:Ag levels (r = 0.812 vs. » = 0.852 in the
control group) (2 < .0001).

Reduced Collagen Binding Capacity of VWF in
Patients With Cirrbosis and Acute Liver Failure. As
shown in Fig. 2, VWF collagen-binding activity decreased
with increasing severity of the disease in patients with
cirthosis. VWF collagen-binding activity was 95% [80-
113] (median [range]) in Child A, 83% [42-98] in Child
B, and 78 [61-90] in Child C cirrhosis, whereas in the
reference group in the median collagen-binding activity
was 98% [0.87-107] (2 < .001 for moderate and severe
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Fig. 2. VWF collagen-binding capacity in patients with cirrhosis of
varying severity and in patients with acute liver failure as compared with
the activity in plasma from healthy controls. The collagen-binding capac-
ity was measured at equal antigen levels of VWF. The collagen-binding
capacity of pooled normal plasma was set at 100%. Horizontal lines
represent medians. *P << .001. VWF, von Willebrand factor.
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cirrhosis compared with control, 2> .05 for mild cirrho-
sis compared with control). In the five patients with acute
liver failure, the VWF collagen-binding activity was
slightly decreased (90% [86-99]), but this difference did
not reach statistical significance.

ADAMTS13 Activity and Antigen Levels Are
Highly Variable in Patients With Liver Disease.
ADAMTS13 activity levels were determined using the
collagen-binding assay as described by Gerritsen et al.'4
Compared with controls, ADAMTS13 levels in patients
with cirrhosis showed a high variability, and both sub-
stantially and
ADAMTSI13 levels were found in all patient groups, as
shown in Fig. 3A. Some patients had ADAMTS13 activ-
ity levels exceeding 3 U/mL on repeated testing, even after
a further predilution of the sample before the assay. Mean
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Fig. 3. ADAMTS13 activity (A) and antigen (B) levels in patients with
cirrhosis of varying severity and in patients with acute liver failure as
compared with the levels measured in plasma from healthy controls.
ADAMTS13 activity levels were calibrated to pooled normal plasma, in
which the activity was set at 1 U/mL. ADAMTS13 antigen levels were
calibrated using recombinant ADAMTS13 according to the instructions of
the manufacturer. Horizontal lines represent medians. *P << .05; NS, not
significant.

LISMAN ET AL. 57

ADAMTS13 levels in Child A and Child B cirrhosis were
elevated compared with controls, but this difference did
not reach statistical significance. Because ADAMTS13
activity levels were previously reported to be decreased in
patients with cirrhosis using the same assay used here,!!
we decided to measure ADAMTS13 antigen levels as well.
ADAMTS13 antigen levels also showed a high variability
in the patient samples compared with the variation ob-
served in control samples, as shown in Fig. 3B.
ADAMTS13 antigen levels were significantly elevated in
Child B (P < .05) cirrhosis, and in patients with acute
liver failure (2 < .05) compared with controls, whereas
the mean ADAMTS13 antigen levels found in Child A
and Child C cirrhosis were not significantly different
from the levels in the control group. The activity and
antigen levels showed a weak, but statistically significant,
correlation (» = 0.39, P = .0029). Both ADAMTS13
activity and antigen levels were negatively correlated with
the VWF:RCo/VWEF:Ag ratio (» = 0.29, P = .29 for
activity, » = 0.61, P < .0001 for antigen levels).
Reduced High-Molecular-Weight VWF Multimers
in Plasma From Patients With Liver Disease. We
determined the multimeric pattern of VWF in a subset of
the patients (12 with Child A, 10 with Child B, 8 with
Child C, and 3 with acute liver failure). Consistent with
the collagen-binding data, we observed a significantly de-
creased proportion of high-molecular-weight multimers
in patients with Child A (63% [32-74]; median [range]),
Child B (66% [56-72]), and Child C (58% [52-77]) cir-
rhosis, compared with the amount of high-molecular-
weight multimers in the controls (73% [61-81]) (2 < .01
for mild and severe cirrhosis, and acute liver failure com-
pared with control, P < .05 for moderate cirrhosis com-
pared with control) (Fig. 4). In the five patients with acute
liver failure, a decreased proportion of high-molecular-
weight multimers was also observed (60% [33-61], P <
.01). The fraction of high-molecular-weight multimers
was negatively correlated with the ADAMTS13 activity (r
= —0.55, P < .001), and with ADAMTSI13 antigen
levels, which almost reached statistical significance (» =
—0.34, P = .051). Also, a correlation between the frac-
tion of high-molecular-weight multimers and VWE:
RCo/VWEF:Ag ratio was observed (» = 0.38, P = .03).
Plasma From Patients With Cirrbosis Supports
VWF-Dependent Platelet Adhesion Better Than Nor-
mal Plasma. The ability of pooled cirrhosis plasma
(VWE:Ag 402%, VWEF:RCo 301%) cirrhosis to support
adhesion of normal platelets or platelets from patients
with cirrhosis was compared with that of pooled normal
plasma (VWF:Ag and VWEF:RCo 100%, per definition).
The pooled plasmas were added to isolated red cells and
platelets from three healthy volunteers or three patients
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Fig. 4. The proportion of high-molecular-weight (HMW) VWF multimers
in patients with cirrhosis of varying severity and in patients with acute
liver failure as compared with the proportion of high-molecular-weight
multimers in plasma from healthy controls. The proportion of high-
molecular-weight multimers was estimated from densitometric analysis of
Western blots of agarose gels. The first five visible bands were considered
to represent the low-molecular-weight multimers. Horizontal lines repre-
sent medians. *P < .01; **P < .05.

with cirrhosis and perfused over collagen type III for 2
minutes. As shown in Fig. 5A, the amount of platelets
isolated from healthy controls or patients adhering to the
surface was significantly higher when platelets were resus-
pended in pooled plasma from patients with cirrhosis as
compared with resuspension of the platelets in normal
plasma. Also, when normal or patient platelets were resus-
pended in pooled plasma from patients with cirrhosis, the
aggregates were substantially larger as compared with the
aggregate size obtained when platelets were resuspended
in pooled normal plasma (Fig. 5B). The adhesion of plate-
lets isolated from patients with cirrhosis was similar to
that of the adhesion of platelets isolated from healthy
controls under these conditions of standardized platelet
count and hematocrit.

When normal platelets were resuspended in either nor-
mal plasma or plasma from patients with cirrhosis under
conditions representing thrombocytopenia (25,000 and
100,000 platelets/uL, we also observed a significant ele-
vation in platelet deposition when plasma from patients
with cirrhosis was used (data not shown).

VWF Propeptide Levels. As shown in Fig. 6, VWF
propeptide levels were substantially elevated in Child A
(488% [234-2942]; median [range]), Child B (711%
[261-2190]), and Child C (735% [221-5129]) cirrhosis,
whereas in the reference group the median VWF propep-
tide level was 89% [30-237]) (P < .001 for mild, moder-
ate, and severe cirrhosis compared with control). Also in
the patients with acute liver disease, elevated propeptide

levels were found (1,139% [803-1,594], P < .001).
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Discussion

In this study, we have performed a comprehensive
study on VWF in a large group of patients with cirrhosis
of varying severity and causes. Highly elevated levels of
VWF were found, which were strongly related to the se-
verity of the disease. However, the functional capacity of
the VWF decreased with increasing severity of the disease
as shown by a reduction in VWF:RCo/VWEF:Ag ratio and
reduced collagen binding capacity. Despite the sup-
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Fig. 5. Plasma from patients with cirrhosis better supports platelet
adhesion than normal plasma. (A) Pooled plasma from patients with
cirrhosis or pooled normal plasma was mixed with red cells and platelets
isolated either from healthy volunteers or from patients with cirrhosis and
perfused over a collagen-coated coverslip for 2 minutes. After May-
Grunwald staining, surface coverage was determined (shown are results
from experiments with three different patients and three different controls
performed in triplicate; error bars indicate standard error of mean). *P <
.01. (B) Morphological appearance of the platelet thrombi on a collagen
surface with reconstituted blood with patient or control plasma or
platelets as indicated. Shown are representative examples of the exper-
iment presented in panel A. Original magnification is X400.
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Fig. 6. VWF propeptide levels in patients with cirrhosis of varying
severity and in patients with acute liver failure as compared with the
levels in healthy controls. The VWF propeptide level in pooled normal
plasma was set at 100%. Horizontal lines represent medians. *P <
.001. VWF, von Willebrand factor.

pressed binding capacity to both glycoprotein Ib and col-
lagen, the highly elevated VWF levels in plasma from
patients with cirrhosis resulted in a substantially elevated
platelet deposition to collagen in a VWF-dependent,
flow-driven platelet adhesion assay. This indicates that
the quantitative increase in VWEF in cirrhosis overrules the
qualitative defects, and that the elevated levels of VWF
might in part compensate for the qualitative and quanti-
tative platelet defects found in these patients. The in-
creased adhesion induced by plasma from patients with
cirrthosis was observed with both normal and patient
platelets, and at normal and thrombocytopenic platelet
counts.

Surprisingly, platelet deposition under conditions of
standardized platelet count and hematocrit were similar
when normal or patient platelets were used, suggesting
that platelets in cirrhosis are functionally normal. This is
in contrast with experiments describing intrinsic platelet
defects in cirrhosis (reviewed in Lisman et al.!). However,
most of these experiments were performed under static
conditions.

The elevated VWF levels in cirrhosis possibly reflect
endothelial damage, which has been suggested to be stim-
ulated by endotoxemia (bacterial infection).> Another
possibility is that the synthesis of VWF is increased, be-
cause it was recently shown that liver disease induces
VWE expression in the liver.® Alternatively, VWF synthe-
sis may be increased due to the substantially enhanced
endothelial surface in patients with cirrhosis as a conse-
quence of extensive collateral formation. Also, the in-
creased levels of vasoconstrictors (notably vasopressin),
which arise as a consequence of the hyperdynamic state in
these patients, could be responsible for elevated release of

VWEF from the endothelium.?® Finally, reduced VWF
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clearance may contribute to elevated levels, but no exper-
imental evidence has been presented. We have measured
levels of VWF propeptide in an attempt to investigate
whether the elevated VWEF levels represent acute endothe-
lial damage, as found, for example, in patients with sepsis,
or chronic endothelial perturbation such as is found in
patients with diabetes.?! Because the half-life of VWF
propeptide is much shorter compared with that of VWF
itself, only elevated levels of VWEF and normal to slightly
elevated levels of VWF propeptide are found in patients
with chronic endothelial damage.?! The highly elevated
propeptide levels found in patients with cirrhosis in our
study suggest acute endothelial damage, which may be
compatible with the presence of (low-grade) disseminated
intravascular coagulation (DIC) in these patients, al-
though the presence of DIC in cirrhosis has been de-
bated.?? Conversely, the increased propeptide levels also
may be explained by a reduced clearance of this molecule
in patients with liver disease, or it may reflect persistent
enhanced VWF synthesis by the diseased liver.® The hy-
pothesis that patients with cirrhosis have continuously
enhanced VWF release into the bloodstream is supported
by analysis of the VWEF propeptide/ VWEF:Ag ratio, which
is slightly elevated in patients with Child’s A and B cir-
rhosis, but not different from controls in patients with
Child’s C cirrhosis (data not shown). The VWEF propep-
tide may have physiological relevance in the plasma envi-
ronment in processes related to inflammation and cell
adhesion (reviewed in Takagi et al.?3). Whether the highly
elevated VWF propeptide levels in patients with cirrhosis
interfere with inflammatory or cell adhesion processes is
unknown. The propeptide may bind to collagen, result-
ing in inhibition of collagen-induced platelet aggrega-
tion?425; however, our platelet adhesion studies do not
support these observations.

The clearly reduced VWF:RCo/VWEF:Ag ratio, the re-
duced collagen binding activity, and the reduced propor-
tion of circulating high-molecular-weight multimers
measured in this large group of patients resolves the con-
troversy of VWF functional capacity in patients with liver
disease. Previously, both increased, and decreased func-
tional VWF parameters were reported (reviewed in Lis-
man et al.'). From our study it has become clear that the
functional capacity of VWF is reduced in patients with
cirthosis. This may be caused by increased proteolysis by
VWF proteases, such as plasmin or elastase.!> Recently a
selective VWEF cleaving protease has been discovered,
which is important for cleavage of large, active VWF mul-
timers into smaller less functional multimers. Surpris-
ingly, we found a strong variability in ADAMTS13 levels
in patients with cirrhosis. These results are in contrast
with a previous report in which significantly reduced lev-
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els were demonstrated in a group of patients with Child’s
C cirrhosis by Mannucci et al.!! In our patient group, we
find both elevated and reduced activity and antigen levels
of ADAMTS13. However, the measurement of
ADAMTS13 activity is difficult and shows a large coefhi-
cient of variation. A lot of controversies on ADAMTS13
activity measurement still exist, especially in cases with
mild or moderately reduced levels.2¢ This is also illus-
trated by the relatively poor correlation between the
two assays used in this study. Moreover, although
ADAMTS13 levels would be expected to be decreased in
cirrhosis, as the principle site of synthesis is presumably
the liver,?” it also may be that either reduced clearance or
release of ADAMTS13 from platelets®® (as a result of
platelet activation secondary to DIC) lead to the elevated
levels observed in some patients in our study. Alterna-
tively, it might be possible that ADAMTS13 synthesis is
induced in liver disease, as ADAMTS13 is synthesized in
hepatic stellate cells,?® which are known to show en-
hanced protein synthesis in patients with liver cirrhosis.?°
Interestingly, ADAMTS13 antigen levels, and, to a lesser
extent, ADAMTS13 activity levels, were negatively cor-
related with VWEF:RCo/VWEF:Ag ratio, indicating that
the excess of ADAMTS13 in some patients results in ex-
cessive VWE proteolysis, resulting in impaired VWF ac-
tivity. This is also supported by the negative correlation
observed between ADAMTS13 levels and the proportion
of high-molecular-weight VWF multimers. These data
also suggest that in those patients with high levels of
ADAMTS13, the reduced functional capacity of VWF
is a direct consequence of excessive ADAMTS13 pro-
teolysis.

In conclusion, highly elevated levels of VWEF in pa-
tients with cirrhosis contribute to the induction of pri-
mary hemostasis despite reduced functional properties of
the VWF molecule. This phenomenon might compen-
sate for defects in platelet number and function, which are
present in patients with cirrhosis.
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