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Background: Thrombotic thrombocytopenic purpura
(TTP) affects 1 in 1600 to 1 in 5000 patients who receive
ticlopidine, but little is known about the pathogenesis of
this complication.

Objective: To investigate whether von Willebrand factor
(vWF), which has been associated with idiopathic TTP, is
involved in the pathogenesis of ticlopidine-associated TTP.

Design: Case series.

Setting: Three tertiary care, university-affiliated medical
centers.

Patients: Seven patients who developed TTP 2 to 7 weeks
after initiation of ticlopidine therapy. Controls were 7
consecutive patients without thrombocytopenia who had
been receiving ticlopidine for 3 to 5 weeks and 10 ran-
domly selected hospitalized patients.

Measurements: Platelet-bound vWF in patients’ EDTA-
anticoagulated whole blood samples; vWF proteinase
activity in patients’ plasma samples; inhibitory activity of
IgG isolated from patients’ plasma samples against the
proteinase from the controls’ plasma samples; and vWF
multimeric patterns in patients’ EDTA-anticoagulated
plasma samples.

Results: Binding of vWF to single platelets was increased
in the three patients tested during the most thrombocyto-
penic phase of TTP episodes. Initial plasma samples from all
seven patients lacked the largest vWF multimers and were
severely deficient in vWF metalloproteinase. IgG mole-
cules, isolated from plasma samples of five patients, inhib-
ited metalloproteinase in plasma samples from the con-
trols. In patients examined, these abnormalities resolved
upon the remission that accompanied plasma exchange
and discontinuation of ticlopidine therapy.

Conclusion: In the patients who developed ticlopidine-
associated TTP, autoantibodies to the vWF metalloprotein-
ase were formed; this led to the same type of vWF abnor-
malities observed in patients with idiopathic acute TTP.
The findings suggest that failure to process large and
unusually large vWF multimers in vivo caused binding of
vWF to platelets, systemic platelet thrombosis, and TTP.
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Ticlopidine, a potent antiplatelet agent used to
maintain patency after coronary artery stenting

and to prevent strokes in high-risk persons (1), has
been associated with thrombotic thrombocytopenic
purpura (TTP) (2–5).

Thrombotic thrombocytopenic purpura, first de-
scribed by Moschcowitz (6), is characterized by
extensive platelet thrombi in the arterioles and cap-
illaries. Abnormalities in von Willebrand factor mul-
timers, including the presence of unusually large
multimers and disappearance of the large multimers
found in normal plasma, have been detected in
many cases of the disease (7, 8). Furthermore, von
Willebrand factor is abundant in the thrombi of
patients with TTP (9), and flow cytometric studies
have demonstrated that the factor is bound to plate-
lets in the circulation of these patients during the
most thrombocytopenic phase of the disease (10).

The von Willebrand factor, a glycoprotein critical
in mediating platelet deposition at sites of vessel in-
jury, is synthesized and secreted by endothelial cells
as a disulfide-linked polymer composed of a 2050–
amino acid monomer (11). Upon release into the cir-
culation, it is cleaved by a plasma metalloproteinase
in a shear-dependent manner (11) at the peptide
bond between tyrosine-842 and methionine-843 (12).
This cleavage decreases the size of the von Willebrand
factor polymer, generates a series of multimers
found in normal plasma, and produces dimers of
176-kD and 140-kD fragments (11). In the absence of
the proteinase, large and unusually large von Wille-
brand factor multimers accumulate in the plasma.
When unfolded by shear stress (13), these multim-
ers exhibit an increased capacity to support platelet
aggregation (14). Indeed, a deficiency of the protein-
ase has been reported in idiopathic TTP (15, 16).

We investigated whether von Willebrand factor is
involved in ticlopidine-associated TTP.

Methods

Patients

Seven consecutive patients who developed TTP
after initiation of ticlopidine therapy and were treat-
ed at the participating institutions from 1 January
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1996 to 31 December 1998 were investigated. The
criteria for the diagnosis of TTP were those de-
scribed elsewhere (10, 16).

We also determined proteinase activity in 17 con-
trols: 7 consecutive, unselected patients without throm-
bocytopenia (age range, 62 to 81 years; 5 men and 2
women) who donated blood samples at routine fol-
low-up examinations after 3 to 5 weeks of ticlopidine
therapy prescribed for cardiac stents, and 10 randomly
selected hospitalized patients not taking ticlopidine.

Blood samples were obtained by venipuncture or
at the time of plasmapheresis. The investigational pro-
tocol was approved by the institutional review boards
of the participating centers.

von Willebrand Factor Studies

Platelet-bound von Willebrand factor, von Wille-
brand factor multimers, von Willebrand factor–
cleaving metalloproteinase activity, and the inhibitory
activity of IgG to the von Willebrand factor–cleaving
metalloproteinase were measured as described else-
where (10, 16). The von Willebrand factor bound
to single platelets in EDTA-anticoagulated whole-
blood samples was quantified by flow cytometry.
Proteinase activity was expressed as a percentage of
that in the pooled normal plasma control.

Results

The initial clinical and laboratory findings of the
patients are summarized in the Table. The duration
of ticlopidine therapy before diagnosis of TTP
ranged from 2 to 7 weeks (median, 3 weeks). None
of the patients had a history of autoimmune disorders,
and none were receiving penicillins, antineoplastic che-
motherapy, or oral contraceptives before onset of the
disease. In all patients, remission occurred after ticlo-
pidine therapy was discontinued and daily plasma ex-
change was instituted. The median number of plas-
ma exchanges received by the patients was 10 (range,
5 to 30). None of the patients had relapse after plas-
ma exchange was discontinued.

von Willebrand Factor Binding to Single Platelets

Binding of von Willebrand factor to platelets was
studied in patients 1 to 3; the test was not available
for the other 4 patients. Platelet-bound von Wille-
brand factor was 7.5, 4.5, and 4.5 arbitrary units,
respectively (normal value , 2.1 arbitrary units) in
the initial blood samples; these values returned to
normal when patients received plasma exchange and
platelet counts increased.

von Willebrand Factor Multimers

In all seven patients, the largest multimers, which
are found in normal plasma, were missing in the

initial plasma samples. For patient 1, von Wille-
brand factor multimeric patterns in three of seven
subsequent plasma samples were abnormal; one sam-
ple lacked the largest von Willebrand factor multi-
mers, and two contained unusually large multimers.

The initial plasma sample (obtained on day 1) for
patient 3 was missing the largest multimers. The next
two samples (obtained on days 2 and 4) contained un-
usually large multimers. The multimers were normal
in the subsequent two samples (obtained on days 8
and 9). For patients 1, 2, and 6, plasma samples ob-
tained upon remission were available for investiga-
tion; all samples showed normal multimeric patterns.

von Willebrand Factor Metalloproteinase Activity

For patient 1, only plasma samples obtained on
days 4 to 6 after admission (when his platelet counts
were 77 3 109/L, 70 3 109/L, and 76 3 109/L) were
available for the study. These samples contained
28%, 17%, and 14%, respectively, of the proteinase
activity found in plasma from normal controls.

Proteinase activity was 0% in the initial plasma
samples of patients 2 to 4 and 7%, 12%, and 4%,
respectively, in patients 5 to 7. However, the plasma
samples of these three patients were obtained from
the plasmapheresis bags in amounts of 200 to 250
mL during the initial plasma exchanges. For patient
2, the protease activity increased to 100% on day 3,
when the platelet count was 260 3 109/L. For pa-
tient 3, protease activity increased to 6%, 10%, 81%,
and 77%, respectively, on days 2, 4, 8, and 9, when
platelet counts were 25 3 109/L, 130 3 109/L,
280 3 109/L, and 325 3 108/L. Plasma proteinase lev-
els in patient 5 increased to 23% and 55% on days
4 and 6, respectively, when platelet counts were
140 3 109/L and 180 3 109/L. A plasma sample ob-
tained from patient 6 on day 5, when the platelet
count had increased to 277 3 109/L, contained 94%
proteinase activity.

The mean (6SD) plasma proteinase activity in
the 7 controls receiving ticlopidine for 3 to 5 weeks
was 114% 6 36%, which did not differ from the ac-
tivity in the 10 randomly selected controls who were
not treated with ticlopidine (97% 6 17%). In a pre-
vious study (16), 74 randomly selected patients with-
out TTP had proteinase activity of 103% 6 23%.

Inhibitors of von Willebrand Factor Proteinase

To explore the causes of proteinase deficiency,
the initial plasma sample of patient 2 was mixed
with normal control plasma after treatment at 56 °C
for 30 minutes. The von Willebrand factor metallo-
proteinase activity in the mixture was suppressed to
23% of the activity found in a control mixture of
heated normal pooled plasma and normal control
plasma.

Plasma samples from patients 3 to 7 were suffi-
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cient in volume for studies to determine whether
their immunoglobulins inhibited the proteinase. The
IgG isolated from patient 3 on day 1 exhibited a
concentration-dependent inhibition of proteinase
activity in normal control plasma. The concentration
of the IgG molecules required to inhibit 50% of the
protease activity in the mixture (IC50) was 2.2 mg/
mL. The IgG isolated from the same patient on day
9 was not inhibitory.

The IC50 of the IgG isolated from initial plasma
samples of patients 4 to 7 was 5.5, 2.2, 4.4, and 2.2
mg/mL, respectively. In tests comparing susceptibil-
ity to inhibition, von Willebrand factor metallo-
proteinase in plasma from the normal controls and
that in the plasma samples from controls who re-
ceived ticlopidine were equally sensitive to inhibi-
tion by IgG isolated from patients with ticlopidine-
associated TTP (data not shown). The inhibitory
activity of IgG was abolished when it was incubated
with antibodies to IgG Fab (data not shown).

Discussion

In two series of single-episode and intermittent
idiopathic TTP (15, 16), inhibition of plasma von
Willebrand factor proteinase by IgG autoantibodies
was found to be characteristic. In support of a role
of von Willebrand factor proteinase deficiency in the

pathogenesis of platelet thrombosis, the deficiency
was not observed in persons who did not have the
disease. Furthermore, shear stress was found to in-
crease the capacity of von Willebrand factor to sup-
port platelet aggregation (16).

We now describe seven patients with ticlopidine-
associated TTP who also had severely decreased
levels of von Willebrand factor proteinase 2 to 7
weeks after initiation of ticlopidine therapy. The
durations of ticlopidine therapy before the diagnosis
of TTP are similar to the 2 to 12 weeks observed in
98 cases of TTP in a recently described series (17).
The deficiency in our patients resolved after ticlo-
pidine therapy was discontinued and plasmapheresis
was instituted. The deficiency was not observed in
randomly selected patients who had been receiving
ticlopidine for similar durations but did not develop
the disease.

The absence or severe reduction of von Wille-
brand factor metalloproteinase was accompanied by
binding of von Willebrand factor to platelets. Con-
currently, the large von Willebrand factor multimers
were missing. The level of von Willebrand factor
proteinase activity required to prevent or decrease
binding of von Willebrand factor to platelets and
thrombosis was low (approximately 10% to 15%).
Thus, even a slight increase in the proteinase activ-
ity was sufficient to suppress the values of platelet-
bound von Willebrand factor. At this low level of

Table. Clinical and Laboratory Findings*

Patient Ethnicity Sex,
Age

Indication for
Ticlopidine

Duration of
Ticlopidine

Therapy

Neurologic
or Other

Manifestations

Fever Hematuria Hemoglobin
Level

Microangio-
pathic

Hemolysis

Platelet
Count

y wk g/L 3 109/L

1 African-American M, 56 Stent† 2 Confusion
Hemiparesis

No Yes 92 Yes 9

2 White F, 57 Stent§ 7 Headache
Syncope

No Yes 97 Yes 6

3 White F, 49 Stent§ 3 Abdominal pain
Nausea, vomiting

Yes Yes 100 Yes 9

4 African-American M, 42 Stent§ 3 Lethargy No Yes 140 Yes 8

5 White F, 89 Transient ischemic attack 4 Confusion Yes Yes 75 Yes 13

6 White F, 65 Myocardial infarction 2 Confusion
Aphasia
Hemiparesis

Yes Yes 84 Yes 6

7 White F, 79 Retinal embolism 4 None No Yes 89 Yes 4

* CAD 5 coronary artery disease; F 5 female; M 5 male; NA 5 not available; vWf 5 von Willebrand factor.
† Renal arterial stent.
‡ Plasma sample obtained on day 6.
§ Coronary arterial stent.
\ Baseline creatinine level was 185.6 mmol/L.
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proteinase activity, von Willebrand factor proteoly-
sis remained defective. This explained the presence
of unusually large von Willebrand factor multimers
in the plasma. The decrease in von Willebrand fac-
tor platelet binding in response to an increasing
proteinase level was also reflected in the elevated
platelet counts. When von Willebrand factor metallo-
proteinase activity normalized, the multimers also
returned to a normal pattern.

Among the seven patients, six had initial samples
available for mixing studies and all six were positive
for inhibitors to the von Willebrand factor metallo-
proteinase. Immunoglobulin G was isolated from five
patients and inhibited proteinase activity in all sam-
ples. The presence of IgG inhibitors suggests that in
susceptible patients, ticlopidine or its metabolites
may induce the formation of autoantibodies against
von Willebrand factor metalloproteinase. This is anal-
ogous to the emergence of warm-reactive autoanti-
bodies against red-cell Rh components in patients
treated with the antihypertensive agent a-methyldopa
(18). It is also plausible that ticlopidine or its me-
tabolites may interact with the metalloproteinase to
form a neoantigen that elicits antibody formation.
As evidence against this latter possibility, we did not
detect a difference between the plasma of normal
controls and the plasma of the controls who re-
ceived ticlopidine with regard to their susceptibility
to inhibition by IgG isolated from patients with

ticlopidine-associated TTP. Given the similarity in
chemical structures between ticlopidine and clo-
pidogrel, another thienopyridine derivative that has
been approved for use as an antiplatelet agent (19),
it will be important to determine whether clopi-
dogrel is also associated with an immune response
to the von Willebrand factor proteinase in suscep-
tible patients.

Six of the patients recovered within 2 weeks after
discontinuation of ticlopidine therapy. The other
patient required 30 plasma exchanges before remis-
sion occurred. We speculate that when stimuli for
antibody production are removed, antibody produc-
tion diminishes or ceases. Furthermore, any anti-
bodies that remain in the circulation would be re-
moved during plasma exchange or neutralized by
newly released proteinase molecules or the protein-
ase molecules present in the fresh frozen plasma
given to the patients. This may explain why most
patients recover quickly upon discontinuation of
ticlopidine therapy plus initiation of plasma ex-
change. None of the patients had a relapse after
achieving remission. However, because clinical dis-
ease occurs only when the proteinase activity is
severely decreased, serial measurements of von
Willebrand factor proteinase activity during fol-
low-up examinations are needed to determine
how long the immune-mediated proteinase defi-
ciency persists.

Table—Continued

Lactate Dehy-
drogenase

Level

Creatinine
Level

Plasma-
phereses

Performed

Pred-
nisone

Comorbid
Conditions

Other
Medications

Increased
Platelet-

Bound vWf

Decreased
Large vWf
Multimers

vWf
Proteinase
Deficiency

Inhibitors
of vWf

Proteinase

IU/L mmol/L n

5370 79.6 30 Yes CAD Aspirin Yes Yes Yes‡ No‡
Hypertension Lisinopril

Metoprolol succinate
1863 88.4 13 Yes CAD Lovastatin

Isosorbide dinitrate
Alprazolam
Metoprolol tartrate
Aspirin

Yes Yes Yes Yes

2436 238.7 11 Yes CAD Atenolol
Aspirin
Conjugated estrogen

Yes Yes Yes Yes

2862 318.2 10 No Hypertension
Diabetes

Aspirin
Metoprolol tartrate
Isosorbide mononitrate
Atorvastatin

NA Yes Yes Yes

700 106.1 6 No Atrial fibrillation Warfarin NA Yes Yes Yes
Congestive heart

failure
Furosemide
Digoxin
Aspirin

6123 61.9 5 No CAD Propranolol hydrochloride
Omeprazole
Amoxicillin
Lorazepam

NA Yes Yes Yes

314 565.8\ 9 Yes CAD
Chronic renal failure

Omeprazole
Metoprolol tartrate

NA Yes Yes Yes
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In summary, all seven patients with ticlopidine-
associated TTP demonstrated the same type of von
Willebrand factor abnormalities observed in pa-
tients with idiopathic TTP. The correlation between
von Willebrand factor proteinase inhibition and the
binding of von Willebrand factor to platelets in vivo
further supports a role of the von Willebrand fac-
tor proteinase in preventing von Willebrand factor–
platelet interaction in the circulation (Figure).
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