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Changes in plasma von Willebrand factor and
von Willebrand factor cleaving protease in thrombotic
thrombocytopenic purpura: A case report
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Abstract. The present case report described a patient
with thrombotic thrombocytopenic purpura (TTP), who
presented to the China-Japan Union Hospital of Jilin
University (Changchun, China), and the changes in plasma
von Willebrand factor (vWF) and vWF cleaving protease
(VWF-cp) observed during treatment. Computed tomography
and diffusion-weighted magnetic resonance (MR) imaging of
the brain, cerebral MR angiography and other experimental
tests were performed and the patient was subsequently diag-
nosed with TTP. The patient underwent treatment with plasma
exchange, glucocorticoids and supportive care. Hematologic
and biochemical parameters began to gradually improve over
the 12 days after admission; platelet count, serum creatinine
and serum lactate dehydrogenase concentrations returned to
their normal ranges, plasma VWF concentration decreased to
normal levels over the 30 days after admission, and vVWF-cp
activity increased compared with the levels detected in healthy
volunteers. Monthly rituximab treatment was administered
4 times following patient discharge to prevent relapse, and no
recurrence was detected at the 20-month follow-up. Plasma
exchange therapy is effective in patients with TTP. After
low-dose rituximab treatment, recurrent TTP has not been
detected found till now. In the present case, VWF concentration
and vVWF-cp activity were measured at 8, 10, 23 and 32 days
after admission; compared with the control group, patient's
VWF concentration gradually decreased and vWF-cp activity
slowly increased, suggesting that the patient had a favorable
prognosis and a low risk of recurrence.

Introduction

Thrombotic thrombocytopenic purpura (TTP) is a rare throm-
botic microangiopathy (TMA) that may cause microangiopathic
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hemolytic anemia, thrombocytopenia, fever, central nervous
system (CNS) symptoms and renal injury, which have been
described as the TTP pentad (1). TTP has a high incidence
in adults, is more common in females than males, and occurs
after infection, autoimmune disease, pregnancy, medication,
hematopoietic stem cell transplantation or drug allergy. The
incidence of TTP in countries outside China is 3.7/1,000,000,
and there is no definite statistical data in China (2). With
in-depth understanding of this disease, the diagnosis rate has
increased. There is an increased number of patients with TTP
occurring following medication or other diseases, with the
incidence of 2/1,000,000 to 8/1,000,000 (3). Prior to the intro-
duction of plasma exchange (PE) treatment, patients with TTP
typically had a poor prognosis; however, unlike other types
of TMA, TTP may now be treated effectively by PE (4). The
mortality rate of TTP has dropped from 95 to 20% since the
introduction of PE treatment, but early diagnosis is critical to
ensure the most optimal possible outcome for patients (4). The
occurrence of TTP is associated with vascular endothelial cell
injury, plasma von Willebrand factor (VWF) and vWF cleaving
protease (VWF-cp). Infection, autoimmune diseases and/or
medication cause vascular endothelial cell damage, release
of a large number of VWF, lack of vVWF-cp or inhibition of
vWF-cp activity, leading to microaggregation of platelets and
vWF-fibrinogen, vessel occlusion, and rapid reduction of plate-
lets, and finally resulting in occurrence of TTP (5). The present
case report described a patient with TTP, who presented to the
China-Japan Union Hospital of Jilin University (Changchun,
China), and the changes in VWF and vWF-cp observed during
treatment.

Case report

The present study was approved by the Ethics Committee of
China-Japan Union Hospital of Jilin University and informed,
written consent was received from the patient in the present
study. A 47-year-old man was admitted in February 2014 to the
China-Japan Union Hospital of Jilin University complaining
of a 19-day history of fever, and a 2-h history of right limb
dysfunction and loss of speech. The patient's peak body
temperature was 37.7°C, and the patient had reported a small
amount of gingival bleeding. The sudden onset of neuro-
logic symptoms included difficulty standing, walking and
holding items due to right-sided weakness, slow response to
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commands and inability to speak. His right limb symptoms
had improved by the time of hospital admission but his other
symptoms had not. The patient had a 2-year history of arterial
hypertension, with the highest recorded blood pressure (BP)
of 160/90 mmHg; however, he had not received treatment with
antihypertensive agents.

Clinical examination on admission revealed a BP of
110/80 mmHg (normal range, 80-120/60-80 mmHg) and
dysarthria; cognitive function, including problem solving and
memory, was impaired, MMSE 17 points (university educa-
tion level, <23 points indicative of cognitive dysfunction) (6).
Computed tomography and diffusion-weighted magnetic reso-
nance (MR) imaging of the brain, and cerebral MR angiography
were performed, but no abnormalities were identified (Fig. 1).
Laboratory investigations indicated a white blood cell (WBC)
count of 12.8x10° cells/l (reference range, 4-10x10° cells/1),
a red blood cell (RBC) count of 2.5x10'? cells/] (reference
range, 3.5-5.5x10'"? cells/l), a hemoglobin (Hb) concentration
of 75.0 g/l (reference range, 110-160 g/I) and platelet (PLT)
count of 11x10° cells/I (reference range, 100-300x10° cells/I).
Urinalysis revealed a WBC count of 107.1 cells/ul (reference
range, 0-25 cells/ul) and a RBC of 84.2 cells/ul (reference
range, 0-25 cells/ul). Dipstick urinalysis detected protein
2+ (Neg), occult blood 3+ (Neg), urobilinogen 1+ (Neg) and
urobilin 1+ (Neg). Liver function tests revealed serum concen-
trations of alanine transaminase of 323 IU/I (reference range,
5-40 TU/1), aspartate aminotransferase of 114 TU/1 (reference
range, 8-40 IU/l), y-glutamyl transferase of 72 TU/I (reference
range, 8-57 IU/1) and glutamate dehydrogenase of 35 U/l
(reference range, 0-10 U/l), a total bilirubin concentration of
46.0 umol/I (reference range, 5-21 umol/l), a direct bilirubin
concentration of 11.5 gmol/l (reference range, 0-3 gmol/l)
and an indirect bilirubin concentration of 34.5 umol/l
(reference range, 2-21 ymol/l). Renal function tests revealed
serum concentrations of urea of 12.4 ymol/l (reference range,
3.2-7.1 ymol/1) and creatinine (SCr) of 126.7 ymol/l (reference
range, 58-110 ymol/l). A peripheral blood film (5) indicated
mature erythrocytes of a variety of sizes with RBC debris
and scattered microspherocytes. The reticulocyte count was
0.391x10" cells/1 (5), which accounted for 22% of the total
RBCs. Bone marrow examination suggested aplastic anemia
and thrombocytopenia (5). Antinuclear antibodies were not
detected (5). Based on these findings, a diagnosis of TTP and
grade 2 hypertension (1999 WHO/ISH Guidelines for the
Management of Hypertension) (7) (very high-risk group) were
determined.

A total of 4 days following admission, the patient under-
went PE for the first time: cell harvesting was performed using
Cobe Spectra cell separator (Terumo BCT, Inc., Lakewood,
CO, USA). Frozen plasma fluid (2,000-3,000 ml) was replaced
once a day for 13 days. Plasma was replaced at 15-20 ml/min
and blood flow velocity was 120-150 ml/min. After low-dose
low molecular weight heparin anticoagulation, 30 min after
plasma replacement, 10% calcium gluconate (10 ml/h) was
intravenously administered. Glucocorticoids (Pfizer, Inc., New
York,NY, USA) were administered (1.0 g once daily for 3 days,
0.5 g once daily for 3 days, 0.24 g once daily for 3 days,0.12 g
once daily for 3 days, 0.08 g once daily for 3 days and 0.04 g
once daily for 3 days, all via intravenous drip) and supportive
care was given (roton pump inhibitor, potassium, fat milk and
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compound amino acids). As shown in Fig. 2, patients were
administered PE therapy starting from 4 days after admis-
sion, once a day, for a total of 13 days. A total of 2 days after
PE administration, the patient sustained a cardiac arrest and
required closed-chest cardiac massage and cardiopulmonary
resuscitation, and an autonomous cardiac rhythm and respira-
tion were restored. A total of 14 days following admission,
a regime of 100 mg rituximab (Roche Diagnostics, Basel,
Switzerland) infused intravenously once a week for 4 weeks
was initiated. By the time of his discharge 6 weeks after admis-
sion, the patient had undergone 13 sessions of PE treatment.
The patient was asymptomatic and exhibited no abnormal
CNS signs. The complete blood count before the patient was
discharged indicated a WBC count of 5.3x10° cells/I, a RBC
count of 3.3x10" cells/l, a Hb concentration of 115.0 g/l and
a PLT count of 348x10° cells/l. Urinalysis and liver function
tests were normal. Monthly rituximab was administered for
4 times after discharge to prevent relapse, and no recurrence
was detected at the 20-month follow-up after discharge.

A 4-ml specimen of the morning fasting venous blood
was obtained from the patient at different phases of disease
(at 8, 10, 23 and 32 days after admission) to allow comparison
with two healthy volunteers. These two healthy volunteers
(a 33-year-old male and a 35-year-old male) were persons who
received physical examination in January 2016 in the outpatient
clinic of China-Japan Union Hospital of Jilin University. The
volunteers signed informed consent regarding participation
in this study. Blood was taken in EDTA tubes and centri-
fuged at 1,500 x g, 4°C for 20 min. Supernatant plasma was
collected and stored at -20°C prior to measurement of VWF
and vVWF-cp concentrations. Measurements were performed
using a double antibody sandwich ELISA kit (CSB-E08437h;
Cusabio Biotech Co., Ltd., Wuhan, China) according to the
manufacturer's protocols.

Following PE, hematologic and biochemical parameters
(analyzed using an automatic biochemical analyzer) began
to gradually improve over the 32 days after admission; PLT,
SCr and serum lactate dehydrogenase concentration returned
to their normal ranges. Furthermore, plasma VWF concentra-
tions decreased and vVWF-cp activity increased (Table I). On
day 8 after admission, the patient's VWF concentration was
increased compared with the normal control, then gradually
decreased, and was close to normal level at discharge. On day
8 after admission, the patient's VWF-cp activity was markedly
increased compared with the normal control, maintained at a
very high level, and it did not recover to the normal level at
discharge.

Once PLT had returned to the normal range (193x10° cells/1)
at 32 days after admission, the patient's plasma vVWF concentra-
tion was broadly comparable with that of healthy volunteers.
Additionally, plasma vVWF-cp activity had markedly increased
compared with that of healthy volunteers controls (Table I).
Plasma vWF concentration decreased to normal levels over the
32 days after admission, and vWF-cp activity remained very
high and did not recover to normal level at discharge (Table I).

Discussion

TTP is rare, rapidly progressive and it has very high mortality
rate if plasma replacement therapy is not given (8). TTP has
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Table I. Comparison of the patient's hematologic profile with healthy controls.
Patient results according to hospital stay, days

Variable 8 10 23 32 Control Control
Complete blood count

Platelets, x10° cells/l 41 51 62 193 - -

White blood cells, x10° cells/l 25 15 8 4 - -

Hemoglobin concentration, g/l 99 89 86 108 - -
Number of PE sessions 6 10 12 12 - -
Number of rituximab treatments 0 0 2 4 - -
Serum creatinine concentration, ym/ml 1535 134.7 89 85 - -
Lactate dehydrogenase, U/1 1,770 1,131 343 265 - -
vWF, ng/ml 12.80 16.59 13.75 8.59 4.72 5.82
vWEF-cleaving protease, U/ml 36.39 36.30 58.89 50.89 8.10 3.23

vWF, von Willebrand factor.

Figure 1. DWI of the brain and MRA. (A and B) 3 days after admission, DWI of the brain indicated no signal abnormalities. (C and D) 3 days after admission,
MRA of the brain indicated no abnormalities. L, left; R, right; DWI, diffusion-weighted magnetic resonance imaging; MRA, magnetic resonance angiography.

been indicated to cause thrombocytopenia and thrombogenesis
in the small arteries and capillaries (9). The mortality rate of
TTP is 90% without PE, however, the introduction of PE has
improved the mortality rate (4). A study by Bukowski ez al (10)
first reported the successful treatment of TTP with PE in 1976,

and PE has now become the first choice treatment for TTP.
Timely, extensive PE has been indicated to reduce the mortality
rate to <10%, resulting in >90% short-term effectiveness (4).
PE should be sustained for 2-3 days after the restoration of
PLT to 150x10° cells/l, after which it may be stopped (11).
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Figure 2. Clinical course of thrombotic thrombocytopenic purpura and treatments administered.

However, a longer course of treatment may be required for
patients at risk of long-term relapse who respond poorly to
PE (12). Although a standard dose (375 mg rituximab/m?
body surface area administered once a week for 4 consecutive
weeks) of rituximab may also be effective for these patients,
the high cost of this treatment limits its use (13). Rituximab
is a biosynthesized mouse/human chimeric monoclonal
antibody that specifically binds cluster of differentiation 20
antigens on the B-lymphocyte surface, preferentially clearing
those abnormally reacting with autoantigens by inducing
complement-dependent cytotoxicity and antibody-dependent
cell-mediated cytotoxic reactions (14). Rituximab targets
and selectively removes abnormal B-lymphocytes, and has
therefore been widely used for the treatment of autoimmune
diseases in which B-lymphocytes are dysfunctional (14).
For TTP treatment, rituximab removes the lymphocytes
responsible for producing vVWF (14). It has been reported
that 375 mg rituximab per square meter body surface area
administered once a week for 4 consecutive weeks is a highly
effective treatment for idiopathic TTP, particularly for patients
with low vVWF-cp activity and vWF-cp-positive antibodies,
and has been indicated to result in a remission rate of ~95%
and a recurrence rate of ~10% (14). In patients that experience
TTP recurrence, further use of rituximab may improve the
patient outcome (15). Given that the cost of rituximab is
high, and when used to treat TTP it is administered outside
its licensed indications (rituximab is typically used to treat
B-lymphocyte-mediated diseases, including non-Hodgkin's
lymphoma, chronic lymphocytic leukemia, rheumatoid
arthritis, granulomatosis with polyangiitis and microscopic
polyangiitis), it has been suggested that low-dose rituximab
is a satisfactory treatment for TTP (16). In the present case

study, continued administration of low-dose rituximab after
PE was provided to the patient and no relapse was indicated at
the 20-month follow-up after discharge.

A study by Moake et al (17) first detected vWF in the serum
of patients with TTP in 1982, laying the foundations for the
study of TTP pathogenesis. In 1996, a study by Furlan et al (18)
isolated a serum metalloproteinase that cleaves vVWF, and
while the cause of TTP is not known, it was found that patients
with TTP lack this metalloproteinase (18). In 2001, a study by
Gerritsen et al (19) purified the metalloproteinase and demon-
strated that it belonged to an ADAMTS gene family, the genes
for vVWF-cp (ADAMTSI13) have been mapped to chromosome
9q34 (19). Previous findings have recognized that deletion of
ADAMTSI3 may be acquired or hereditary, but both result
in sustained vVWF-dependent aggregation of platelets, micro-
thrombus formation and TTP (20). These findings suggest that
TTP may be caused by relative or absolute deficiencies in the
activity of plasma vVWF-cp. For most patients with hereditary
TTP, the vVWF-cp activity is always <5%, and may be 0%
in those with idiopathic TTP (21). A decrease in activity to
<5% may indicate the formation of plasma anti-vWF-cp anti-
bodies (21). Previous results suggest that prognosis appears
favorable if vVWF-cp activity rises to ~50% and the antibody
titer falls after PE (18). In addition, although not all patients
with TTP present with severe depletion of vVWF-cp activity,
it may still help guide treatment (22). Among TTP survivors
who have a vVWF-cp activity <10%, nearly half relapse, most
commonly in the second year after the acute event (22).
Conversely, those with normal vVWF-cp activity after treatment
are unlikely to suffer from recurrence (22). This suggests that
any factor causing vVWF-cp depletion at any time may increase
the risk of recurrence for patients who have recovered from
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TTP. Some results have concluded that vVWF-cp activity >10%
of the normal range identifies patients at high risk of recur-
rence (23). In the present case, VWF concentration and vVWF-cp
activity was measured at 8, 10,23 and 32 days after admission;
when compared with the controls, results suggested that the
patient's VWF concentration gradually decreased and vVWF-cp
activity slowly increased to 51%, which was suggestive of a
favorable prognosis and a lower risk of recurrence.

The patient's vVWF concentration and vVWF-cp activity
was compared with controls after the patient's PLT had been
restored at day 32 after admission. Results indicated that
the vVWF concentration was broadly comparable with the
controls, but were marginally higher in the patient, which was
a likely cause of the elevated vVWF-cp activity in the patient in
comparison with the healthy volunteers, which is consistent
with previous findings (24). However, vVWF-cp concentra-
tion was lower than expected given the findings of previous
studies. Further studies in larger cohorts are required to fully
illuminate vVWF-cp activity in TTP. According to the current
findings, PE is the preferred treatment for TTP and it can
markedly decrease the mortality rate of TTP. A standard or
low dose of rituximab is effective for treatment of TTP and
lowers the recurrence rate. The occurrence of TTP is closely
related to vVWF and vWF-cp.
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