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Decreased von Willebrand factor protease activity associated with
thrombocytopenic disorders

Jane C. Moore, Catherine P. M. Hayward, Theodore E. Warkentin, and John G. Kelton

Recent studies investigating thrombotic
thrombocytopenic purpura (TTP) have im-
plicated abnormal plasma von Willebrand
factor (VWF)-cleaving metalloprotease ac-
tivity in this disorder. It has been pro-
posed that a metalloprotease cleaves un-
usually large (UL) multimers of VWF, which
enter the circulation from the endothe-
lium. Abnormal metalloprotease activity
could result in ULVWF, which could par-
ticipate in TTP. However, the diagnostic
specificity of abnormalities in the plasma
metalloprotease activity has not been es-
tablished. A prospective study of vWF
protease activity was performed using

samples from 20 healthy controls, 20 pa-
tients with acute TTP, 20 patients with
immune idiopathic thrombocytopenic pur-

pura (ITP), 10 patients with disseminated
intravascular thrombocytopenia (DIC), 10
patients with systemic lupus erythemato-

sus (SLE,) and 5 thrombocytopenic pa-
tients with leukemia. Studies were per-
formed blinded to the diagnosis. Samples
from hospitalized patients with normal
platelet counts were also tested. The VWF
digests and multimer analysis were done
using previously described methods. Six

laboratory personnel independently
scored each of the multimer gels. Re-

duced protease activity was observed in

9 of 20 patients with TTP. Reduced activ-
ity was also observed in 6 of 20 patients
with ITP, 6 of 10 patients with DIC, 5 of 10
patients with SLE, 1 of 5 patients with
leukemia, 2 of 20 healthy controls, and 3
of 25 hospitalized patients. This study

indicates that abnormalities of VWF pro-

tease activity are not restricted to pa-
tients with the diagnosis of TTP. (Blood.

2001;98:1842-1846)
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Introduction

The factor known as von Willebrand factor (VWF) is a multimeric  Although there are conflicting reports about the frequency of
protein important for platelet adhesion. Physiologically, vVWF igbnormal ULVWF multimer profiles in acute TTP and during
released from endothelial cells as unusually large (UL) multimemission, there has been general agreement that abnormalities of
ersi Plasma vWF multimers are smaller, a finding that suggestsVF are often observed in TT? However, the sensitivity and
that released ULVWF is cleaved by a combination of reductase asecificity of the vVWF metalloprotease assay has not been reported.
metalloprotease enzymes after it enters the plasma. This led us to prospectively examine the levels of plasma VWF-

Thrombotic thrombocytopenic purpura (TTP) is a rare disordéleaving protease activity in patients with various thrombocytope-
characterized by thrombocytopenia and schistocytic hemolytdc disorders. Our results indicate that abnormalities in VWF
anemia. TTP is often associated with fever and renal and neufotease activity occur in a significant proportion of patients with
logic dysfunction. Pathologically, individuals with TTP havel TP. However, we observed identical decreases in VWF protease
evidence of intravascular, platelet-rich microthrombi that conta@tivity in association with other thrombocytopenic disorders and
VWF. This has led many to postulate that abnormally reactive vigecasionally in nonthrombocytopenic controls.
contributes to the development of platelet-vWF-rich thrombi and
tissue ischemia present in TT#

Many patients with TTP have abnormalities of plasma VWR/jaterials and methods
during their acute illnes52°Recently, normal plasma was found to
contain a metalloprotease activity that converts ULVWF multimep4aterials
to the smaller forms in vitro. Several investigators subsequentiyl reagents were obtained from Sigma Chemical (St Louis, MO) unless
reported that many patients with TTP have abnormally reducetherwise stated. Platelet counts were measured according to conventional
VWF protease activity in their plasnid.101416.17.1920 hey impli- laboratory methods. The vVWF antigen levels were measured using an
cated antibodies that inhibit the vVWF metalloprotease in patients&yme-linked immunoassay (Diagnostica Stago, Assi€edex, France).
the cause of sporadic but not familial TTP. These data have led to
the hypothesis that patients with acute, sporadic TTP have antibodfigthods
mediated inhibition of the plasma metalloprotease, whereas Rudy design.A total of 95 samples from various patient groups were
tients with familial TTP may have a congenital defect of thigollected and coded to blind personnel to the patients’ identities and
enzyme/,8:10.14,16,17 diagnoses. Assays for VWF protease activity and antigen levels were

¥20z dunr g0 uo 3senb Aq Jpd'zi81010818U/S689291/2781/9/86/)Pd-al011E/pOO|q AU SUONEDIIGNAYSE//:d})Y WOIj papeojumog

From the Department of Medicine, Faculty of Health Science, McMaster 3W10, McMaster University Medical Centre, 1200 Main St W, Hamilton, ON,
University, Hamilton, ON, Canada. Canada, L8N3Z5.
Submitted February 12, 2001; accepted May 18, 2001. The publication costs of this article were defrayed in part by page charge

Supported by grants from the Medical Research Council of Canada and the ~ Payment. Therefore, and solely to indicate this fact, this article is hereby
Heart and Stroke Foundation of Ontario. marked “advertisement” in accordance with 18 U.S.C. section 1734.

Reprints: J. G. Kelton, Canada Research Chair in Transfusion Medicine, HSC ~ © 2001 by The American Society of Hematology

1842 BLOOD, 15 SEPTEMBER 2001 - VOLUME 98, NUMBER 6


https://crossmark.crossref.org/dialog/?doi=10.1182/blood.V98.6.1842&domain=pdf&date_stamp=2001-09-15

BLOOD, 15 SEPTEMBER 2001 - VOLUME 98, NUMBER 6 VWF PROTEASE ACTIVITY & THROMBOCYTOPENIC DISORDERS 1843

performed. To rank the vVWF protease activity, each multimer gel wdue to confirm the absence of other contaminating proteins. These fractions
analyzed independently by 6 laboratory personnel. Any disagreement weesre then tested in the VWF protease assay to confirm that there was no
resolved by consensus prior to unblinding. contaminating VWF protease activity. The purified fractions were pooled,

Patient and control samplesThis study was allowed by the university adjusted to a concentration of 3 U/mL, aliquotted, and frozer 20°C.
and hospital Ethics Review Committee, and all samples were drawn Each aliquot was thawed only once.
compliance with ethics guidelines. Protease assay for VWFThe VWF protease assay was performed using

Test samples included sera from 20 healthy controls, 20 patients wijireviously described metho8&:4 Test serum was diluted 1:3 in 0.15 M
acute TTP, 20 patients with idiopathic thrombocytopenic purpura (ITP), 16aCL/10 mM Tris buffer, pH 7.4, and 100L was mixed with BaCGl (10
patients with illnesses complicated by disseminated intravascular coagutaM) and serine protease inhibitors (1 mM Pefabloc, Boehringer Mann-
tion (DIC), 10 patients with systemic lupus erythematosus (SLE), andf&im). Following a 5-minute incubation at 37°C, p@ purified protease-
thrombocytopenic patients with leukemia. This study included only adiftee VWF substrate (3 U/mL vWF antigen) was addt@ihe substrate/test
subjects. Within the TTP group were 2 unrelated patients with familial TTsample mixture was centered on a hydrophilic membrane (2 mm, VSWP,
and 18 patients with acute, sporadic disease. The samples taken fromNtiépore, Bedford, MA) and then dialyzed against 1.5 M urea/5 mM Tris
acute TTP patients were drawn before the patients received any treatmByérochloride, pH 8.0. Following a 24-hour incubation at 37°C, the digests
Three TTP patients were tested both before and after plasmapheresis Wlre terminated by the addition of 10 mM ethylenediaminetetraacetic acid
patients with TTP had thrombocytopenia (platelet counts00x 10%L)  (EDTA). In addition, 3 samples from healthy controls and 3 TTP patients
and schistocytic hemolytic anemia (as indicated by red cell fragmentatig@re tested using different dialysis buffers (1.0, 1.5, and 2.0 M urea/5 mM
on peripheral blood smear) with a negative direct Coombs test and no otfi&f, pH 8.0) to determine whether this altered the amount of protease
identifiable cause for these abnormalities. Most had fluctuating neurologigtivity detected. When varying concentrations of urea were tested, 1.0 and
signs that ranged from slight confusion to quadriparesis. Seven of the T¥® M gave reproducible and comparable results, whereas 2.0 M urea
patients had single, acute episodes of TTP followed by complete remissi@gcreased the proteolytic activity detected for all samples. Consequently, all
4 patients had chronic, relapsing TTP; 2 patients were unrelated femal@gults reported in this study were based on determinations using 1.5 M urea
with familial TTP; 2 patients had pregnancy-related TTP and achievédld 5 mM Tris, pH 8.0, as described by Furlan et al.
remissions; and 5 patients had single, acute, fatal episodes of TTP. NoneThe VWF multimers in the digests were analyzed using SDS-multimer
had serum creatinine concentrations higher than3@L. gels containing 1.25% agarose and 1% acrylarhiéalowing electrophore

The diagnosis of ITP was based on the presence of thrombocytope§ig, (18 hours at 30 V), the proteins were transblotted onto nitrocellulose
the absence of splenomegaly, no evidence of red cell fragmentationrﬁ?mbranes and incubated with peroxidase-conjugated rabbit antihuman
hemolysis, and the absence of any secondary causes of thrombocytopdfidfy antibodies. The vWF multimer patterns were developed using
The patients diagnosed with DIC were thrombocytopenic and had ghemiluminescent techniques as described. Internal standards, on each gel,
acquired coagulopathy with accelerated fibrinolysis. These patients Hagluded target vVWF, vWF digested by normal pooled serum, and vWF
underlying conditions associated with DIC that included sepsis af@cubated with normal pooled serum containing 10 mM EDTA to block the
malignancies. Patients were diagnosed with SLE based on the criteria of i@talloprotease activity.
American College of Rheumatology, were thrombocytopenic, and had 1O €nsure consistency in ranking, the degree of proteolysis of each
documented positive tests for lupus anticoagulants in phospholipi@@MPle was related to the migration of the target vWF run on the same gel.
dependent coagulation tests. The patients with leukemia had the diagndd]§ total length of the target vWF multimer migration was divided into
confirmed by bone marrow aspirates, and all were thrombocytopenic at fifgdrants, and each quadrant was assigned a score froforly small
time of testing. Their thrombocytopenia was related to chemotherap{!VF multimers remained) to-4 (the complete array of vWF multimers
induced marrow suppression. All of the patients in this study were adulf§Mained intact). The score of VWF proteolysis of each sample was
Additionally, samples from 25 hospitalized patients with normal platel&l€termined by matching its height of the vWF multimer migration to the

counts and no evidence of schistocytic hemolytic anemia were tested ifXresPonding quandrant established using the target VWF lane. Because
nonblinded fashion. These patients were hospitalized on surgical ang assay measured the ability of the test sample to proteolyze the target

medical wards for procedures such as orthopedic surgery and colonoscﬁW' normal activity corresponded to the proteolysis of the large vWF

and medical problems that included Crohn disease, myocardial infarctigﬂult'merS anq scores of3or 4+. Samples deficient n protease activity

and psychiatric disorders. left Iargg multlmers |_ntact e_mgl were ran!<ed asdr 2+ (E|gure_ 1'). -
Serum samples were collected from patients and controls and processe tatistical anglysm.Statlstlcal analysis was done using Minitab (Minitab

within 2 hours of collection. The samples were aliquotted and frozen Release 13.1, Minitab, State College, PA) computer program.

—70°C until testing. Twelve patients had plasma samples (3.8% sodium

citrate) drawn at the same time, and for these patients the plasma and sera

were tested in parallel for VWF protease activity. To evaluate intraassﬁgieSU":S

variability, 7 samples were submitted in duplicate with unique identifiers = )

for each aliquot. Following unblinding, native VWF multimer analysis wa¥2lidation of techniques

done on samples with decreased VWF protease activity, including sam

from 4 TTP patients, 2 ITP patients, 1 DIC patient, 2 SLE patients, and : L L
control samples. tors and complete agreement in distinguishing normal versus

Purification of target vVWF. The VWF was purified according to decreased VWF proteolysis. The agreement between scorers was

previously described methofisHuman cryoprecipitate, a gift of the Strong ¢ > 0.9, Pearson correlation coefficient test). The 7 dupli-
Canadian Blood Services, Hamilton, ON, was gel-filtered using a Septate samples tested had reproducible levels of vVWF proteolysis. As
rose CL-2B column (Pharmacia, Uppsala, Sweden), equilibrated, aR@ted by other investigators, the 12 paired plasma and serum
eluted using 0.13 M NaCl/0.01 M citrate/0.01 M Tris-HCI, pH 7.4. Thesamples produced identical patterns of VWF proteolytic activity.
VWF content of eluted fractions was analyzed by reduced 5% sodium

dodecy! sulfate—polyacrylamide gel electrophoresis (SDS-PAGE) as well 5t results

SDS-multimer gels containing 1.25% agarose (Seakem LGT, FMC Biopra?he normal pool run on each gel consistently scored as having 4
ucts, Rockland, ME) and 1% acrylamide (Bio-Rad Laboratories, Rich-

mond, CA)? The proteins were transblotted onto nitrocellulose (PharmaciRfOt€ase activity. When EDTA was added prior to incubation, the
before visualizing the VWF with peroxidase-conjugated rabbit antihumdlotease activity was reduced, resulting in scores 6f Nine

VWF (Dako, Denmark) and chemiluminescent techniques (ECL, Amershdf%) of the 20 TTP samples had reduced protease activity scores
Pharmacia Biotech, England). The fractions containing the largest multini- all assays. Seven of the TTP patients with reduced protease
ers of VWF were analyzed using SDS-PAGE and stained with Coomasegactivity had acute TTP, whereas the other 2 were from unrelated

ere was good consensus between each of the individual evalua-
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Figure 1. VWF multimer analysis of the metalloprotease proteolysis of target VWF induced by samples from patients with various thrombocytopenic dis orders and

control samples. These 2 multimer gels represent the analysis of the VWF protease activity in some of the samples tested. After promoting digestion, the amount of VWF
protease activity was determined by comparing the height of each individual multimer column to the target vVWF (on the left of each gel), which represents 0 proteolysis.
Following the metalloprotease activation assay, a decrease in the large-molecular-weight forms of the target vVWF indicated normal vWF protease activity, and these samples
were given scores of 3+ or 4+. The normal pooled serum (NP) demonstrated normal proteolysis. The addition of EDTA to the normal pool (NP + EDTA) prior to enzyme
activation inhibited the protease activity and showed reduced protease activity with scores of 1+ or 2+. Target VWF, VWF plus normal pool, and VWF plus normal pool with
added EDTA were run on each gel as standards. Some TTP samples (TTP 1, 2, 3, 5) had reduced VWF protease activity (1+ to 2+). Other samples from TTP patients (TTP 4
and 6) had normal VWF protease activity (3+ to 4+) and were indistinguishable from control or normal samples. Samples from patients with other thrombocytopenic disorders
(ITP 1, 2,3 and SLE 1) also had reduced VWF protease activity.

patients with familial TTP. The 2 familial TTP patients had thaia (P < .001, nonpaired Studenttest). Also, the most marked
most reduced activity of all the patient and control samples testetkcreases in VWF protease activity were seen in individuals with
Both of these patients have had lifelong TTP, initially responding teigher vVWF antigen levelsP(< .001, nonpaired Studerttest)
plasma infusion but now requiring regular plasmapheresis. Of tfigigure 3).
other 7 TTP patients with reduced protease activity, 2 had relapsing
TTP and ultimately recovered; 3 achieved complete remissions
following an acute, single TTP episode; and 2 died during thefbiscussion
acute TTP. However, 11 other patients with acute TTP had normal
VWF proteolysis and were indistinguishable from healthy controlBTP is an uncommon but important clinical disorder. Without
and the normal pool (Figure 1). This group included 2 patients witreatment the illness is usually fatal; however, plasma exchange
pregnancy-related TTP who achieved complete remission; 2 peith or without corticosteroids results in the survival of approxi-
tients with relapsing TTP; 4 TTP patients who achieved completeately 75% of patients with acute TTP. The illness is also
remissions following an acute, single TTP episode; and 3 TTiRmportant because it is mediated by the formation of intravascular
patients who died during their acute TTP. Of the 3 TTP patienfdatelet thrombi and a better understanding of the pathogenesis of
tested before and after plasmapheresis, 2 patients had northa disorder could contribute to the understanding of other
protease activity at both time points and the other patient hathtelet-mediated thrombotic conditions. Finally, further defining
decreased proteolysis {3 on admission and normal proteasel' TP could lead to more effective and targeted therapies because the
activity postplasmapheresis<3. mainstay of therapy, plasma exchange, is an empiric treatfént.
Many patients with thrombocytopenic disorders other than TTP A number of hypotheses have been put forward to explain the
were noted to have reduced plasma vVWF protease activity and wplatelet thrombi that characterize TTP. These include an abnormal
scored identically to the TTP patient samples. The proportion apoptotic factof?22 a variety of platelet aggregating factgfsy’
patients with reduced VWF protease activity in each of thend abnormalities of vVWE2 Our group has postulated that a
diagnostic groups was 6 of 20 ITP, 6 of 10 DIC, 5 of 10 SLE, and 1
of 5 leukemic patients (Figure 2). Several of the control samples

also had decreased VWF protease activity (3 of 25 hospital controls °
and 2 of 20 healthy controls) (Figure 2). 21+ -, o . ~ g
The in vitro measurement of decreased protease activity did no,:zJ E
correlate with an in vivo abnormal pattern of native plasma vWF.i 2+4 ¢ » b » S v ¢
The native VWF multimers from the 2 healthy controls with 2
decreased protease activity, 3 hospital controls, as well as sampl%:%w & &e2 v y - . ] =
from patients with thrombocytopenic disorders (4 TTP, 2 ITP, 1& §
DIC, 2 SLE) were analyzed, and there was no evidence oé 4] N Al - < ® < s z
increased ULVWF multimers associated with their decrease
plasma VWF cleaving protease activity. Three of the 4 acute TTP - -
patient samples had reduced plasma high-molecular-weight vVWF ~ geality - Hospital TP SLE TP DIC  Leukemia
multimers, which have been preVIOUSIy described in eplsodes IQJure 2. Protease activity of VWF in samples from patients with various
acute TTP:12.18 thrombocytopenic disorders and control samples. The VWF protease activity in
) ) o samples from patients with various thrombocytopenic disorders, healthy controls,
Relationship of VWF protease activity and platelet count and hospitalized patients without thrombocytopenia was measured using previously
and VWF antigen levels described methods. Most of the samples from healthy controls and hospital controls

with normal platelet counts had normal VWF protease activity (3+ to 4+); however,

When vWE protease activity scores were Compared with Subjéel[ne samples had decreased VWF protease activity (1+ to 2+). Many of the TTP
amples had decreased VWF protease activity, but there were also TTP samples with

pla_te_IEt counts, the mO_St_ mgr_ked degreases in VWF prOteOWiH;mal VWF protease activity. The other thrombocytopenic groups also had samples
activity (1+) were noted in individuals with severe thrombocytopewith decreased vWF protease activity.
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Figure 3. The relationship between vVWF protease B
activity to the platelet counts and vVWF antigen levels. 500 5 -
The greatest reduction of VWF protease activity (1+) was _g
evident in samples from patients with a variety of throm- e 400+ . . ) 4 N .
bocytopenic disorders, including 6 patients with TTP, 2 = H ] g :
patients with SLE, 1 patient with ITP, and 3 patients with > ' o .' =y : -
DIC. This group of patients also had lower platelet counts £ 3004 -l. :!3 E = . 4
(P < .001) (A) and higher vVWF antigen levels (P < .001) § ! :' %‘ . .e
(B). Statistical analysis was done using a nonpaired o 200+ : ., ele < 2+ ‘ : :
Student ttest (Minitab). s . ! w . 3' L1 D ' r
[}
S0 3§ W & [ 3 :
oge 'L 'I i" : I 2 I ’l
0 ! . - 0 .
1+ 2+ 3+ 4+ 1+ 2+ 3+ 4+
vWF Protease Activity VWF Protease Activity

platelet aggregating factor such as calpain, associated with platetgiproximately similar proportion of patients with other thrombo-
derived microparticles, could participate in the disofdér?® cytopenic disorders, including DIC, ITP, SLE, and leukemia,
Recently, other investigators have focused on factors that influeraleo had reduced protease activity similar to that of the TTP
the cleaving of plasma vWF0.14.1617.19.20|most 20 years ago, patients. As shown in Figures 1 and 2, the abnormalities in VWF
Moake and associates noted abnormalities in VWF in patients wishoteolysis were indistinguishable for the TTP patients com-
acute or convalescent familial TFP.Similar observations have pared with patients with other thrombocytopenic disorders.
been made by some but not all investigato¥s!82°1t is now Abnormalities of VWF protease activity were also noted in
agreed that many patients with TTP will have abnormalities @feveral well individuals who served as healthy laboratory
VWEF, although the sensitivity and specificity of this observation igontrols, including one seemingly healthy investigator (J.G.K.)
variable. Most recently, several groups of investigators hayg well as several nonthrombocytopenic hospital controls. None
reported abnormally reduced cleavage of VWF by a plasmg these controls had evidence of any hematologic disorder.
protease in patients with TTR013.141617.192T his is an attractive Both healthy controls have unremarkable clinical histories. The
hypotheses because the abnormality could explain the abnorr@a,l.,ospita| controls with reduced VWE protease activity had
VWF seen in the plasma of many patients with TTP. diverse conditions that included amyotrophic lateral sclerosis,
In this report, we describe a study designed to evaluate thg ¢ failure, and irritable bowel syndrome.

sensitivity and specificity of the finding of abnormal VWF  rayen together, our result suggests that abnormalities of VWF
protease activity in patients with TTP. The test samples WefRqioaqe are seen in patients with TTP, but the observation has only
collected from a number of patients and controls in whom the e ate sensitivity (0.45) and a low specificity (0.30). Our studies
cause of the thrombocytopenia was We_" dgfmed. But these_ test sgmm cate that within each of the control groups there is a spectrum of
were then coded and all further investigations performed in a blmds F protease activity. Given the study design (blinded and coded,

fa_shmn. Our study was designed to minimize problems_often & SSOCWﬂ% independent observers using a standard scoring system before
with the performance of complex laboratory assays in patients wi . o . . .

. . reaking the code), it is unlikely that observer bias could explain
uncommon disorders. Each step was controlled and validated. As a Tirst

; c%Hr esults. Similarly, differences in the laboratory technique are an
step, we prepared a consistent protease-free target sample of vVWF i . . .
unlikely explanation because we followed the protocols (including

was used for all assay determinations. Second, we tested Vaiiined urea concentrations) described by other investigatbrs.

dilutions of urea to ensure optimal protease activity. We compar )
duplicate plasma and serum samples and, in agreement with oth%rtshough other assays are available to measure abnormal vWF, the

S, ) . 7820
found that identical results were obtained. We included a normal p B'It'al proteolysis of target \./WF remains the same:Because .
e protease has not been isolated, measurements of abnormalities

J
with and without EDTA on each gel to ensure consistency in rankiﬁ o -
VWF protease activity. The samples were coded, and the degreeo_otlhe protease activity depend on indirect measurements. Collagen

proteolysis was scored independently by 6 different laboratory pers@iiding assays and assays that use monoclonal anti-vWF antibod-
nel familiar with VWF gel analysis. ies are less tlme-consumlng an_d are able to_detect abnqrmal VWF
The technique we used to measure protease activity gayéuctu.reslﬁ’vonhe benefit of using VWF multlmer analysis as an
consistent and reproducible results, and there was excell&d point to the metalloprotease activity is that the technology is a
agreement among all observers. Additionally, the 7 innde'%_}a“dard method of assessing VWF multl_mers in routine !aborgto-
duplicate samples gave identical results. Consistent with tH€S and can be easily understood and interpreted. By including
results of other investigators, we found that a number of olternal standards on each multimer run, standardization of scoring
patients with acute TTP had detectable abnormalities of protea¥@s obtained.
activity. However, because only 9 of the 20 TTP patient samples The clinical significance of abnormalities of VWF protease
had reduced protease activity, the percentage that we found wiivity remains uncertain. We observed a correlation between our
abnormalities (45%) was lower than others have reporte@sults and the degree of thrombocytopenia as well as the relative
Consistently, we observed that 2 unrelated patients with familig@ncentration of VWF antigen level (Figure 3). However, it is
TTP had the most markedly reduced level of VWF proteag@portant to note that a selection bias in our sample population
activity. However, for the patients with acute TTP there was neould explain these observations. For example, our study focused
relationship between protease activity and disease severiay thrombocytopenic patients with a variety of disorders. Hence,
Indeed, both groups of TTP patients—those with reduced atitls apparent association may be collateral rather than causal.
those with normal vVWF protease activity—included patients The studies described in this report indicate that abnormalities
with recurring TTP, patients who died, and patients who haaf VWF protease activity as measured in a standard assay are not
complete recoveries. We also found unexpected results: A&orrelated with the presence or absence of TTP.
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