1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnue Joyiny vd-HIN

"s», NIH Public Access

(=
a2 & Author Manuscript

Published in final edited form as:
Hematol Oncol Clin North Am. 2007 August ; 21(4): 609-v.

Thrombotic Thrombocytopenic Purpura: A Thrombotic Disorder
Caused by ADAMTS13 Deficiency

Han-Mou Tsai, MD
Prefessor and Associate Unified Head, Division of Hematology, Albert Einstein College of Medicine
and Montefiore Medical Center, Bronx, New York, USA

Synopsis

A serious disorder with characteristic microvascular thrombosis involving the brain and other organs,
TTP typically presents with thrombocytopenia, hemolysis with schistocytes on blood smears and
mental changes or seizures and may rapidly progresses to a fatal end if the patients are not
immediately treated with plasma. Recent advances have shown that TTP is caused by deficiency of
a circulating, von Willebrand factor cleaving metalloprotease, ADAMTS13. This new knowledge
will provide clues to improve the diagnosis and management of this intriguing disease.
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First reported in 1924 by Moschcowitz [1], thrombotic thrombocytopenic purpura (TTP)
usually refers to the disorder of thrombocytopenia, hemolysis with schistocytes on blood
smears, and neurologic abnormalities such as headache, confusion, focal deficits, seizures or
coma. These manifestations are due to widespread microvascular thrombosis involving the
capillaries and arterioles of the brain and other organs. Thrombocytopenia results from
consumption of platelets, while erythrocyte fragmentation and hemolysis may be due to
mechanical injury as the red cells encounter the intravascular thrombi.

TTP typically affects previously healthy individuals in their adolescent or adult ages and almost
invariably undertakes a rapid course of deterioration and death unless plasma infusion or
exchange therapy is immediately instituted. Plasma therapy, whose effectiveness in the
treatment of TTP was discovered through astute clinical observations and has been validated
in randomized control investigation [2], is technically demanding, frequently complicated with
transfusion-related complications, and quite costly. When plasma exchange does not lead to
remission, clinicians often resort to immunosuppressive drugs or splenectomy, although the
effectiveness of these modalities remains unclear.

Advances in recent years have transformed TTP from a complete mystery to a relatively
explicable disease. This article reviews the recent advances and explains how the knowledge
of its molecular defect has changed our diagnostic and therapeutic approaches to TTP. It also
discusses current controversies and future directions of investigation.
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Is TTP a syndrome or a disease?

There is controversy whether TTP is a syndrome or a disease. The constellation of
thrombocytopenia and microangiopathic hemolysis, often accompanied by acute renal failure
(the hemolytic uremic syndrome, or HUS), occurs in up to 15% of the patients after infection
with shiga toxin producing E. coli or Sh. dysenteriae. Previously, typical or post-diarrhea HUS
was distinguished from TTP primarily based on the presence of a diarrhea prodrome, severe
renal involvement and absent neurologic complications. However, the basis of this distinction
is not entirely reliable. In some patients with documented E. coli O157:H7 infection, the
prodrome of hemorrhagic diarrhea may be absent or not obvious and renal function impairment
may be mild. Such cases have been reported under the diagnosis of TTP. Conversely,
neurologic complications such as mental changes, strokes and seizures affect approximately
20% of patient with the HUS [3], raising doubt of whether TTP and HUS were indeed different
disorders.

The syndrome of thrombocytopenia and microangiopathic hemolysis, with variable
combination of neurologic and renal manifestations, may also occur in association with
conditions such as lupus or related autoimmune connective tissue disorders, various drugs or
infections, metastasizing cancers and bone marrow transplantation. Occasionally patients may
present with thrombocytopenia, microangiopathic hemolysis and renal function impairment
without evidence of preceding infections or other plausible causes. These patients of atypical
HUS have high risk of relapses and many evolve to end stage renal failure with or without
relapses of HUS. Nevertheless, because the renal function impairment may be mild and
reversible, a clear distinction between atypical HUS and TTP is impossible in some cases. In
the absence of direct pathogenetic basis to support a clear distinction of TTP, typical HUS,
atypical HUS and secondary HUS, some investigators proposed that these entities were one
disease process affecting different target organs.

This ambivalence has led to two common schemes for classifying patients with thrombotic
microangiopathy. In one scheme, all patients presenting with thrombocytopenia and
microangiopathic hemolysis are grouped under the generic syndrome of TTP -HUS or simply
TTP. In a modified version of this scheme, patients with shiga toxin associated HUS were
excluded [4]. In the other scheme, the diagnosis of TTP was applied to patients with specific
neurologic signs, without or without acute renal failure, while the diagnosis of HUS is reserved
for patients with evidence of acute renal function impairment but no specific neurologic signs
[5]. Neither classification has proven satisfactory. Both schemes include under one diagnosis
patients with entirely different disorders. This obscure the importance that these disorders
require different therapeutic and prognostic considerations. In the second scheme, some
patients present with specific neurologic signs on some occasions but no such signs on other
occasions. Such patients have ended up shifting between the diagnoses TTP and HUS during
the course of their illness, although their really had relapses of the same disease.

To address the uncertainty resulting from lack of knowledge in the underlying pathogenesis,
Bukowski proposed in 1982 a set of strict criteria for diagnosis of idiopathic TTP (Table 1).
This definition was based on the view that patients presenting with neurologic deficits but no
or minimal renal function impairment most likely had TTP, provided there were no alternative
plausible explanations. It was hoped that a strict definition of TTP would enhance the
uniformity of the cases in clinical studies and facilitate comparison among different series.
However, this strict definition might exclude some patients with TTP. In practice, since the
consequence of not treating a patient of TTP with plasma is likely to be grave, physicians often
offer plasma exchange therapy to patients even though the diagnosis of TTP was uncertain or
unlikely. Consequently, Bukowski’s proposal was not widely heeded. Investigators continued
to define TTP and HUS using widely different criteria (Table 2). This heterogeneity in
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diagnosis contributes to some of the discrepancy among various series of TTP but surprisingly
is often ignored in literature reviews.

In recent years, it has become clear that defective regulation of von Willebrand factor activity
by a circulating metalloprotease, ADAMTS13, is found in most patients with classic TTP,
while defective regulation of complement activation may be detected in many patients with
atypical HUS. These advances, along with well-known association between shiga toxins and
the post-diarrhea HUS, provide a basis to classify microthrombotic disorders based on their
pathogenesis and etiology (Table 3). Deficiency of ADAMTS13, exposure to shiga toxins, and
dysregulation of complement activation may all lead to microvascular thrombosis.
Consequently, these disorders share the common features of thrombocytopenia and
microangiopathic hemolysis in the peripheral blood. Nevertheless, the pathways leading to
microvascular thrombosis, the patterns of organ involvement, and the strategies of treatment
are quite different (Table 4). Microvascular thrombosis tends to involve the brain and heart in
ADAMTS13 deficient patients and the kidney in shiga toxin and complement dysreguation
cases. Consequently, patients with ADAMTS13 deficiency often present with neurological
deficits while shiga toxin and complement dysregulation is more likely to be complicated with
prominent renal failure. Nevertheless, it is impossible to completely distinguish these entities
based on clinical features because of overlapping in the pattern of organ involvement.
Interestingly, another disorder of complement dysregulation, paroxysmal nocturnal
hemoglobinuria (PNH), may also cause thrombosis. Rarely, widespread thrombosis may
involve the mesenteric microcirculation in a patient with PNH, resulting in microangiopathic
hemolysis and thrombocytopenia. This difference between atypical HUS and PNH in
predilection of organ involvement suggests that the endothelial cells use tissue-specific
regulatory proteins to control complement activation.

In hindsight, TTP as defined by Bukowski would have included essentially only patients with
severe ADAMTS13 deficiency. In clinical practice, this set of criteria may be used to assess
the probability of TTP. Nevertheless, it does not exclude the diagnosis of TTP.

ADAMTS13 - structure and function

ADAMTS13 is a circulating metalloprotease of the “a disintegrin and metalloprotease with
thrombospond type 1 motif” enzyme family that cleaves plasma von Willebrand factor (VWF)
at its Y1605-M1606 peptidyl bond in a shear dependent manner.

The ADAMTSL13 gene contains 29 exons spanning approximately 37 kb on chromosome 9934
[6-8]. ADAMTS13 encodes a 4.7-kb transcript that is detectable in the liver, and a 2.4-kb
transcript detectable in placenta, skeletal muscle, and certain tumor cell lines. In the liver,
ADAMTS13 is expressed primarily in the vitamin A-enriched stellate cells [9;10].
ADAMTS13 may also be expressed in platelets and endothelial cells [11-13].

The full-length ADAMTS13 transcript encodes a precursor protein of 1427 amino acid
residues. The protein undergoes extensive glycosylation and other post-translation
modifications before secretion. The sequence of ADAMTS13 exhibits a multi-domain
structure that is common among proteases of the ADAMTS family and but also contains two
unique CUB domains (Figure 1).

ADAMTS13 is inactivated by disulfide bond-reducing agents, tetracyclines, or cation chelators
such as phenanthroline and EGTA [14]. Although ADAMTS13 is stable in normal plasma, its
activity may deteriorate rapidly in plasma samples from patients with liver diseases,
disseminated intravascular coagulopathy or other pathological conditions. In vitro, thrombin,
plasmin, and perhaps hemoglobin may inactivate ADAMTS13 [15;16]. Thrombospondin may
also protect VWF from cleavage by ADAMTS13 [17]. Based on observations following
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infusion of normal plasma in patients with genetic deficiency of ADAMTS13, the elimination
half-life of ADAMTS13 is approximately 2 days.

ADAMTS13 diverts early from other members of the ADAMTS family of proteases [18;19].
In particular, ADAMTS13 contains an unusually short (41 amino acid residues) propeptide
whose cleavage does not appear to be necessary for expression of proteolytic activity [20].
Enzymatic analysis of recombinant proteins expressed in cultured mammalian cells reveals
that the VWF cleaving activity is markedly decreased [21] but not abolished as previously
reported [22;23] when ADAMTS13 is truncated upstream of its spacer domain. The spacer
domain is required for binding to a short fragment in the VWF A2 domain downstream of the
cleavage site [24] and also for recognition by TTP IgG [21;25]. One study also detected
interaction of TTP IgG with other domain fragments [26], although this observation remains
controversial. The TSR 2-8 region is required for effective cleavage of VWF multimers but
not of the VWF A2 fragment.

ADAMTS13 prevents microvascular platelet thrombosis

VWEF, a glycoprotein secreted from vascular endothelial cells in very large polymeric forms,
supports platelet adhesion and aggregation at sites of vessel injury. High levels of shear stress
promote platelet adhesion to VWF, presumably because it causes conformational change of
VWEF. ADAMTS13, a plasma metalloprotease derived primarily from hepatic stellate cells,
cleaves von Willebrand factor (VWF) when the flexible macromolecule is partially unfolded
by high levels of shear stress. By cleaving VWF before it is fully activated by shear stress,
ADAMTS13 prevents accumulation of super active forms of VWF and VWF-platelet
aggregation. This explains why a severe deficiency of ADAMTS13 causes microvascular
thrombosis characteristic of TTP [27].

This scheme provides a conceptual basis for understanding why ADAMTS13 deficiency leads
to microvascular thrombosis of TTP. It is supported by in-vitro studies demonstrating that brief
(<15 seconds) exposure to 70 — 120 dynes/cm? of shear stress results in increased platelet
aggregating capacity of VWF [28]. However, VWF-platelet aggregation is observed only after
exposure to extremely high levels (400 dynes/cm?) of shear stress [29], a level not known to
exist in the normal circulation. On the other hand, levels of wall shear stress, in the range
encountered in normal arterioles and capillaries [30], is sufficient to enhance platelet adhesion
to immobilized VWEF. This discrepancy in shear stress levels necessary for enhancing VWF-
platelet binding most likely relates to the fact that shear stress in the vascular lumen is inversely
proportional to the distance from the luminal surface. Since VWEF is unlikely to be exposed to
wall shear stress for sustained durations after it is released in the circulation, how could VWF-
platelet aggregation ever occur to cause TTP?

In vitro and in vivo studies have observed that some VWF molecules may be anchored to
endothelial surface upon secretion from endothelial cells [31-33]. This anchoring appears
fragile but may be sufficient to allow conformational unfolding of VWF by shear stress.
ADAMTS13 quickly cleaves VWF before it is fully unfolded. by wall shear stress. In the
absence of ADAMTS13, VWF become fully unfolded and activated, providing a ligand to
support platelet adhesion, leading to platelet aggregation and microvascular thrombosis. In this
scheme, VWF-platelet thrombosis may develop even if VWF does not remain anchored to
endothelial surface (Figure 2).

Severe ADAMTS13 deficiency cause thrombotic thrombocytopenic purpura

Severe deficiency of ADAMTS13 was first demonstrated in relapsing TTP and acute acquired
TTP [28;34;35]. These and subsequent studies demonstrate that ADAMTS13 deficiency is
associated with inhibitory autoantibodies of ADAMTS13 in patients with acquired TTP [36].
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Separately, another study has linked hereditary TTP to mutations of the ADAMTS13 gene on
chromosome 9q34 [37]. Taken together, these observations demonstrate that ADAMTS13
deficiency causes TTP.

Does severe ADAMTS13 deficiency account for all cases of TTP? Severe ADAMTS13
deficiency can be detected in essentially every adolescent or adult case of thrombocytopenia
and microangiopathic hemolysis without renal failure or plausible causes [28;38]. In other
series, severe deficiency of ADAMTS13 is detected in 34%-91% of the cases (Table 2) [35;
39-47]. This lower prevalence of ADAMTS13 deficiency was not unexpected because patients
with renal failure or underlying disorders were not rigorously excluded in these series. As
discussed earlier, patients without ADAMTS13 deficiency should no longer be included under
the diagnosis of TTP because they may have complement dysregulation or other mechanisms
that require separate therapeutic considerations.

Is ADAMTS13 deficiency sufficient for diagnosis of TTP? ADAMTS13 deficiency may be
detected in patients without thrombocytopenia or microangiopathic hemolysis. This is
observed most commonly in patients with a history of TTP and has been interpreted as evidence
that ADAMTS13 deficiency alone is not sufficient to cause TTP. This is equivalent to
proposing that von Willebrand factor mutation or deficiency is insufficient for diagnosis of
von Willebrand factor disease if the patient is not bleeding. The propensity to develop
thrombotic complications in a patient with ADAMTS13 deficiency is affected by the activity
levels of ADAMTS13 as well as environmental and genetic factors. Such patient may develop
complications of TTP either spontaneously or following exposure to stresses of infection,
surgery, or pregnancy.

Some studies have reported that ADAMTS13 is also decreased in conditions such as sepsis,
disseminated intravascular coagulopathy and liver diseases, occasionally to very low levels
[48-50]. However, these observations remain controversial [51;52], and the significance of
decreased ADAMTS13 levels remains uncertain if they are not accompanied by evidence of
decreased VWF proteolysis. As will be further elaborated later, alow ADAMTS13 assay value
requires further confirmatory investigation before it can be used to support the diagnosis of
TTP.

Mouse models of ADAMTS13 deficiency

Animal models of ADAMTS13 deficiency have been generated in mice by using homologous
recombination technologies [33;53]. Initially, the ADAMTS13-null mice exhibited no
phenotypic abnormalities except more severe thrombocytopenia following epinephrine and
collagen injection. The size of VWF multimers was also not affected. Transfer of the
ADAMTS13-null allele to a different genetic background produced mice that developed
spontaneous thrombocytopenia and premature death with microvascular thrombosis quite
similar to human TTP. Intriguingly, this TTP-like phenotype can also be precipitated by
injection of shiga toxin to the ADAMTS13-null mice before they developed a complete form
of the disease. Thus ADAMTS13 appears to be less critical in regulating the activity of VWF
in mice, and the genetic background of the mice affects the phenotype of ADAMTS13
deficiency. Further investigation of the mouse models may elucidate the modifiers that affect
the phenotypic severity of ADAMTS13 deficiency.

Clinical features

The incidence of TTP has been estimated using a variety of approaches and case definitions
to be 2-7 per million person-years [44;54-56]. The incidence is likely to be affected by race,
gender, prevalence of HIV infection, accuracy of diagnosis and other as yet unknown factors.
Acquired TTP affects adolescents and adults, with a peak incidence between the ages of 30
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and 40 years. TTP occurs more frequently among blacks, particularly black females. The
female/male ratio is estimated to be 2-3:1. It has been proposed that the incidence of TTP is
increasing; however this has not been consistently observed.

HIV was present in approximately 50% of the TTP cases at a major urban center [57], in 39%
of our non-referral cases, and in 4% of the Oklahoma registry cases [44]. The use of ticlopidine
may increase the risk of TTP by 50-200-folds [58;59]. In contrast, clopidogrel has not been
definitively associated with ADAMTS13 deficiency [60;61]. With the exception of HIV
infection and ticlopidine, most cases of TTP do not have an obvious cause.

TTP commonly presents in previously healthy individuals with a constellation of vague, non-
specific symptoms of weakness, dizziness, and headache before advancing to more obvious
neurological manifestations such as visual symptoms, ataxia, syncope, confusion, paresthesias,
paresis, dysarthria, aphasia, seizures, stupor, and coma. Fever is present at admission in
approximately 50% or less of the patients but may develop in additional cases during the course.
Purpura is common at presentation but serious external or internal bleeding is rare except
toward the terminal stage. TTP may present with abdominal pain or other gastrointestinal
symptoms, presumably due to visceral ischemia or pancreatitis. Visual abnormalities due to
retinal hemorrhage or thrombosis have been described in the literature. However, most of those
patients had features suggestive of typical or atypical HUS and in no case has severe
ADAMTS13 deficiency been documented. Patients of TTP may present with chest pain or
arrhythmia. Nevertheless, clinically overt cardiopulmonary dysfunction is uncommon until the
pre-terminal stage [62]. Rarely, TTP may present with sudden death due to widespread
myocardial necrosis [63].

A previously healthy adolescence or adult presenting with headache, confusion or focal
neurologic deficits, accompanied by thrombocytopenia, microangiopathic hemolysis, and
microscopic hematuria almost certainly has TTP, provided there are no alternative explanations
and renal failure is absent or minimal throughout the course. The diagnosis of TTP becomes
less certain or even unlikely if the patient has a prodrome of bloody diarrhea, develops
significant renal failure or has underlying disorders such as disseminated intravascular
coagulopathy, active autoimmune connective tissue diseases, malignancies, bone marrow
transplantation, pneumococcal or other infections, or usage of certain drugs or chemicals (e.g
gemcitabine, mitomycin, cyclosporin, quinine, or cocaine). Importantly, some of these
underlying conditions may not be apparent initially and must be vigorously investigated as part
of the differential diagnosis.

Sub-clinical or atypical forms of TTP also exist. Absence of thrombocytopenia or
microangiopathic hemolysis is not inconsistent with the diagnosis of TTP. Some patients of
TTP may be asymptomatic but are at risk of developing thrombotic complications when
stressed with fever, infection, surgery, or pregnancy. Others may present with isolated
thrombocytopenia and are mistaken to have ITP. Still others present with acute neurological
deficits without thrombocytopenia or microangiopathic hemolysis [64]. Definitive diagnosis
is difficult in atypical or complex cases without the aid of ADAMTS13 and VWF multimer
analysis.

Thrombocytopenia, microangiopathic hemolysis and fleeting neurological deficits (triad), with
fever and renal abnormalities (pentad) are common but not pathognomonic of TTP; these
constellations of complications may also be present in some cases of systemic lupus
erythematosus or various other disorders.
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A prodrome of abdominal pain, diarrhea with bloody stools favors the diagnosis of shiga toxin
associated HUS. Presence of advanced renal failure, oliguria, fluid overload or hypertension
in a patient with favors the diagnosis of typical or atypical HUS. On the other hand,
hypertension and renal failure may not be severe or irreversible in some patients with HUS. In
such cases, a distinction from TTP may not be straightforward without specific laboratory tests.

ANA or other autoantibodies may be detectable in 10% - 50% of patients with TTP [43;65].
However, the titers are low and concurrent presentation of active lupus or other autoimmune
diseases is uncommon with TTP [66]. ADAMTS13 activity level may be partially decreased
in patients with systemic lupus erythematosus or related disorders [67]. Patients with positive
serological studies for lupus or related disorders are more likely to have connective tissue
disorders presenting as a TTP-like syndrome.

Patients with neoplastic diseases may present with microangiopathic hemolysis and
thrombocytopenia due to embolism of tumor cells, chemotherapeutic agents or other unknown
mechanisms [68;69]. Such cases are generally not associated with severe ADAMTS13
deficiency or inhibitors of the enzyme [70;71].

Paroxysmal nocturnal hemoglobinuria (PNH) may be complicated with microvascular
thrombosis, particularly of the mesenteric circulation, presenting with abdominal pain, blood
stools, microangiopathic hemolysis and mild or moderate thrombocytopenia. A prior history
of PNH may not be elicited. A syndrome of thrombocytopenia, microangiopathic hemolysis,
variable renal impairment, with or without acute respiratory syndrome, may occur after surgery
or pancreatitis [72].

VWF multimers in TTP

Abnormalities in VWF multimers are common in TTP [73] but often misunderstood. Large
VWEF multimers are depleted in most patients presenting with acute TTP (Figure 3, panel A).
Ultra large multimers frequently appeared during the early stage of recovery, and also during
remission if the ADAMTS13 level remains decreased (Figure 3, panel B). These changes
reflect evolving balance between endothelial secretion of VWF, VWEF proteolysis by
ADAMTS13, and VWF-platelet binding induced by high levels of shear stress.

Large VWF multimers are also decreased in patients with HUS, aortic stenosis or pulmonary
arterial hypertension (Figure 3, panel C) [74-76]. In these conditions, ADAMTS13 levels are
normal or mildly decreased. It is believed that large multimers are decreased because high
levels of shear stress in these disorders enhance proteolysis of VWF by ADAMTS13.
Consequently, the proteolytic fragments are increased. VWF multimer pattern normalizes
when aortic stenosis corrected by surgery or pulmonary arterial hypertension is controlled with
prostacyclin.

ADAMTS13 and its autoantibodies

ADAMTS13 activity levels are <10% (or <5%, depending on the assays used) of normal control
in patients with acute TTP. During the course of plasma therapy, An ADAMTS13 activity level
>10% is associated with clinical and hematological improvement. On the other hand, because
ADAMTS13 assays are typically performed on samples obtained immediately prior to each
session of plasma exchange, clinical response may be observed with ADAMTS13 activity level
<10%. During remission of TTP, the ADAMTS13 levels remain decreased in many cases,
occasionally <10% of normal control.

Several assays have been developed to measure ADAMTS13 activity. The assays use VWF
multimers or abbreviated peptides of the VWF sequence for substrates. The detection
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methodology ranges from gel analysis to ELISA to FRET (fluorescnce resonance energy
transfer). An international collaborative study find that not infrequently the assays produce
variable results [77]. Thus, interpretation of ADAMTS13 activity assay results should be
individualized according to the experience of the laboratories.

Enzyme immunoassays have been developed to measure ADAMTS13 antigen levels [78;79].
However, such assays also detect ADAMTS13-antibody complexes and based on early studies,
are of limited diagnostic values.

Plasma mixing studies yield positive results for inhibitors in 50-90% of the cases [36]. When
1gG molecules are isolated and tested at high concentrations, inhibitory activity is detectable
in essentially every patient of TTP investigated. The inhibitors of ADAMTS13 are generally
of very low levels (< 2 U/mL, using the Bethesda definition for factor VII1 inhibitors) and are
infrequently >10 U/mL [80].

ADAMTS13-binding 1gG is detectable by ELISA in 97-100% of TTP cases [36;81]. The
incidence declines substantially if the blood samples are obtained after the plasma therapy is
initiated. The assay may yield false positive results in 5% - 15% of patients without TTP, unless
a competitive binding procedure is also performed to confirm that the binding IgG is
suppressible by ADAMTS13 [36]. The prevalence of non-inhibitory antibodies without
evidence of inhibitors is probably quite low.

Overall, assays of ADAMTS13 activity, like most protease activity assays, are prone to be
affected by multiple factors, including assay precision and accuracy, stability of the enzyme
in plasma samples, and other ill-defined factors. Antigenic assays require further improvement
before they can be used for diagnosis of TTP. ELISA for ADAMTS13 binding IgG is highly
sensitive but requires a saturation step to improve its specificity. Because of these issues,
ADAMTS13 analysis results should be correlated with clinical data. The experience of the
laboratory is also critical. As yet clinical ADAMTS13 assays can not be used as the sole basis
for diagnosis of TTP.

Clinical course

Without treatment, acute TTP is almost always fatal, often within 10-14 days. With plasma
exchange, most patients are expected to survive the acute event. However, TTP may worsen
after an initial response during plasma therapy. Occasionally it may be persistent, requiring
long-term plasma exchange, especially after several relapses.

Relapses occur in 30% - 60% of the patients after an initial acute episode, contributing to further
morbidity and mortality. Relapses occur most commonly during the first month after the acute
episode but may also occur months or years thereafter, with or without obvious precipitating
events.

Previously, because most cases die or achieved remission without the need of continuing
plasma exchange, TTP was considered to be an acute disease. Serial measurements in patients
that survive one or more episodes of TTP reveal that ADAMTS13 activity remains decreased
in many patients, occasionally to <10% of normal control. Antibodies of ADAMTS13 may
also remain detectable. The activity level tends to fluctuate, and a normal level is not necessarily
an indication of complete immunological remission, as it may decrease subsequently. Thus,
TTP is likely to be a chronic disease in many if not all patients.

A clinical relapse occurs when exacerbation of the autoimmune reaction suppresses the
ADAMTS13 activity below a presumed threshold level. The threshold level is <10%, as relapse
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of TTP doe not occur with ADMTS13 activity >10%. However, since VWF-platelet interaction
is affected by multiple factors, it is unlikely that a single threshold value exists for relapse.

Relapses often occur without apparent precipitating causes. On the other hand, patients with
ADAMTS13 activity <10% of normal control are at risk of relapse when they are exposed to
the stress of various conditions such as surgery, infection, or pregnancy.

When TTP relapses, it often begins with a decline of the platelet count without apparent
hemolysis. The course evolves variably, ranging from rapid deterioration within a few days to
smoldering over weeks or months. Occasionally, a relapse may present with focal neurological
deficits such as dizziness, hemiparesis, slurred speech or aphasia [64]. Such neurological
complications may pose a diagnostic challenge when they are not accompanied by
thrombocytopenia or microangiopathic hemolysis.

Management

Approximately 80% of patients who are treated aggressively with exchange plasmapheresis
survive the initial episode of TTP [2]. Death is frequently due to delay in diagnosis and
treatment or ineffectiveness of plasma exchange. Platelet transfusion should be avoided
because bleeding complications are uncommon in TTP and marked deterioration in
neurological status has been reported in association with platelet transfusions.

Plasma therapy is often tapered and discontinued after the platelet count is normal for several
days. However, the platelet count may not recover to normal if the patient has concurrent ITP
or other causes of thrombocytopenia, as is commonly encountered in patients with HIV
infection.

The therapeutic efficacy of plasma exchange therapy is believed to result from replenishment
of the missing ADAMTS13. Although it may also remove the inhibitors, this process is not
very effective and by itself is insufficient for therapeutic responses. Thus replacement with
fluids lacking ADAMTS13 is hot recommended. Limited by the risk of fluid overload, Infusion
of fresh frozen plasma is less effective, inducing remission in approximately 60% of the cases.
Plasma infusion is used primarily as a stand-in until plasmapheresis is available or during
tapering.

It has been proposed that cryoprecipitate-depleted plasma is more effective than fresh frozen
plasma because it lacks large von Willebrand factor multimers [82]. However, large VWF
multimers may continue to derive from endothelial cells, and cryoprecipitate-depleted plasma
is comparable to fresh frozen plasma in the ADAMTS13 activity level [83-85]. Two small
randomized controlled trials have failed to demonstrate that the use of cryoprecipitate-depleted
plasma is superior to fresh frozen plasma as initial replacement therapy [86;87].

The ADAMTS13 activity levels have been investigated in a variety of plasma products
[83-85]. Levels comparable to that in fresh frozen plasma are present in various plasma
fractions and some of its derived products. The ADAMTS13 activity exhibits negligible loss
of activity after the plasma samples are stored at 4-6°C or even at room temperature for at least
five days. During our experimentation to isolate ADAMTS13, the protease was not precipitated
by the procedure of cryoprecipitation [88]. A formal investigation also found no difference
between the cryoprecipitate and cryosupernatant preparations of fresh frozen plasma in their
ADANTS13 activity levels [85]. However, in a recent study using FRETS -VWF73 as the
substrate, the ADAMTS13 level is reported to be approximately 200% of pooled normal plasma
in the cryoprecipitate fraction of plasma [84]. Whether this discrepancy relates to the difference
in assay methodology remains unclear.

Hematol Oncol Clin North Am. Author manuscript; available in PMC 2007 November 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Tsai

Page 10

Patients are often treated with corticosteroids or antiplatelet drugs during plasmapheresis. The
benefit of these therapies is unclear in patients receiving plasma exchange but probably
minimal [66;89].

Refractory patients are often treated with cryoprecipitate-depleted plasma, vincristine,
splenectomy, cyclophosphamide, azathioprine, splenectomy, high dose intravenous
immunoglobulins or prostacyclin analogues, mostly in anecdotal case reports or with
questionable responses [90]. More recently, rituximab, a chimeric monoclonal anti-CD20, has
been used with presumed benefits in patients with protracted TTP. The role of rituximab in the
treatment of acute TTP is will be investigated in a planned controlled trial [91]. The experience
of calcineurin inhibitors as a treatment of TTP remains limited [92].

Relapsing TTP, which may occur either early in the first month after remission or later after
months or years, is also treated with plasma therapy. The efficacy of anti-platelet drugs,
corticosteroids, rituximab, or calcineurin inhibitors for prevention of relapse isunclear. Patients
with two or three risk factors of age >40 years, fever >38.5°C and hemoglobin <90 g/L may
have substantially worse prognosis [93].

If TTP is an autoimmune disease, why does it respond to plasma therapy? Based on experience
in patients with inhibitors of factor V111, replacement therapy is effective only in low responder
patients whose inhibitor levels are no more than 5-10 Bethesda units/mL. A retrospective
analysis of the participants in the Canadian Apheresis Group trial demonstrates that the levels
of ADAMTS13 inhibitors are low in most patients of TTP [80]. This may be a critical reason
that TTP responds to plasma exchange in most cases. Occasionally a patient may not respond
to plasma exchange because they have very high levels of inhibitors either at presentation or
during the course of therapy. Other patients may require prolonged courses of plasma exchange
before a sustained clinical remission is achieved.

Since plasma therapy does not address the underlying immune abnormalities of TTP, why do
most patients achieve a sustained remission after receiving treatment for their acute episodes?
The answer for this question is not entirely clear. It is possible that the autoimmune reaction
to ADAMTS13 develops in response to an otherwise innocuous infection. This may be
analogous to the production of anti-red cell antibodies following certain bacterial or viral
infections. Patients are able to remain in remission because after the acute phase, the antibody
levels spontaneously decline to very low levels. In a subset of patients, the autoimmune B cell
clones may persist or re-emerge, resulting in protracted or relapsing courses. In such cases,
immunosuppressive drugs such as cyclophosphamide, azathioprine, or rituximab may deserve
further investigation.

The cloning of ADAMTS13 has raised the expection that ADAMTS13 protein may eventually
replace fresh frozen plasma as a more targeted treatment of TTP. However, the amount of
ADAMTS13 protein might not be easy to determine for individual cases because patients’
antibody levels vary during the course of their disease. Truncated variants of ADAMTS13
lacking the space domain sequence necessary for recognition by the inhibitors are not
suppressible and may circumvent the therapeutic difficulty of TTP [21].

Pregnancy and TTP

Some reports suggest that pregnancy is associated with TTP [94]. However, the evidence in
support of this association remains circumstantial. TTP may appear to be associated with
pregnancy because like many autoimmune disorders it is more likely to affect young and
middle-age women. Thus TTP may occur co-incidentally during pregnancy. Pregnancy may
also cause flaring of pre-existing subclinical hereditary or acquired TTP. Both de novo and
relapsing TTP tends to occur in the first half of pregnancy. Additionally, the syndrome of
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microangiopathic hemolysis and thrombocytopenia may result from preeclampsia,
disseminated intravascular coagulopathy, hemolysis with elevated liver enzyme and low
platelet (HELLP) syndrome, or atypical HUS, with or without evidence of complement
dysregulation. These disorders have different pathophysiology and prognosis and should be
distinguished from TTP. TTP may also occur postpartum. Like acquired factor V11 inhibitors
or other post autoimmune disorders, it may be related to the recovery of gestational
immunotolerance.

Pregnancy counseling for women with a history of TTP continues to be a challenge.
ADAMTS13 levels remain decreased in many patients of TTP during remission. Normal
pregnancy per se is also associated with elevated VWF other procoagulant protein levels,
decreased anticoagulant proteins, activation of platelets, and significant albeit modest decrease
of ADAMTS13 levels [95;96]. A further decrease of ADAMTS13 may occur if pregnancy is
complicated with preeclampsia or HELLP syndrome. Together, these changes of pregnancy
may be sufficient to precipitate the complications of TTP if the baseline ADAMTS13 level of
the patient is low. Thus, until more definitive data becomes available, pregnancy should be
considered a high risk of TTP relapse, particularly if the patient’s baseline ADAMTS13 levels
are less than 10% - 30% of normal control.

Hereditary Thrombotic Thrombocytopenic Purpura

Previously known as Schulman-Upshaw syndrome [97;98] or chronic relapsing TTP,
hereditary TTP is a rare disorder, accounting for less than 1% of all cases of TTP. Frequently,
hereditary TTP has its initial manifestations during the neonatal period but is often not
recognized until later in life. Some of the cases have siblings of intrauterine or perinatal death
due to presumed TTP.

DNA sequence analysis reveals that the patients have double heterozygous or, less commonly,
homozygous mutations of the ADAMTS13 gene on chromosome 9q34. More than 65
mutations, including nonsense, missense, frame-shifting insertion or deletion and splicing
mutations, have been detected in patients with hereditary TTP [99-103]. The mutations affect
the process of protease synthesis, activity, or more commonly, secretion. At least three
mutations have been detected in seemingly unrelated families. One mutation, 4143insA, has
been detected in at least 15 patients that share a common haplotype in central-northern Europe
[104]. More than 25 polymorphisms have also been detected in the coding sequence of
ADAMTS13. Certain combinations of polymorphisms or mutation-polymorphism may result
in severe ADAMTS13 deficiency [100].

In a typical case, the affected individual is born with evidence of neonatal stress or presents
within a few hours after birth with severe jaundice and thrombocytopenia. Hemolysis with
schistocytes on blood smears may be noted. Occasionally serious complications such as
seizures and mental obtundation may occur. The symptoms typically improve immediately
after blood transfusion or exchange transfusion, often performed unknowingly for anemia,
thrombocytopenia, or hyperbilirubinemia. Consequently, the neonates may be discharged
without a correct diagnosis, only to present with complications of TTP weeks or years later.

Like most genetic disorders, hereditary TTP varies substantially in its severity. Many patients
of hereditary TTP invariably develop hematological or other complications if not treated
regularly with plasma infusion every 2-4 weeks. Others may maintain normal or mildly
subnormal platelet counts and develop more serious complications only during intermittent
episodes of exacerbations. Such variability is also observed in siblings with the same
ADAMTS13 mutations, indicating that extragenic or environmental factors are operative. The
severity may also vary during the lifetime of individual cases, with or without apparent
exacerbating conditions such as pregnancy. Because the clinical course may be mild, the

Hematol Oncol Clin North Am. Author manuscript; available in PMC 2007 November 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Tsai

Summary

Page 12

hereditary form of TTP may be encountered in adults when thrombotic microangiopathy is
precipitated by infection, diarrhea, pregnancy or surgery.

Occasionally the clinical course may affect specific organs, presenting with pancreatitis, focal
neurological deficits, seizures, or acute renal failure. Acute renal failure may be severe but is
reversible if plasma therapy is instituted promptly. Chronic renal failure is uncommon, but may
occur if the patients are not treated with plasma therapy or have a concurrent mutation of
atypical HUS [105].

Laboratory findings are similar to those of acquired TTP. Typically the ADAMTS13 activity
levels are less than 10% of normal but may be slightly higher in milder cases. Inhibitory
antibodies of ADAMTS13 are not detectable. Parents are partially deficient in ADAMTS13
activity but are asymptomatic. Ultra large von Willebrand factor multimers are detected during
remission, while acute exacerbation is often accompanied by depletion of the large and ultra
large multimers. Hereditary TTP responds to 10-15 mL fresh frozen plasma per kilogram of
body weight administered every 2-4 weeks. Vascular access or transfusion related reactions
might become problematic.

TTP is an important cause of microvascular thrombosis. Previously considered one of the most
intriguing and mysterious disorders, TTP has been shown to be caused by deficiency of
ADAMTS13 that may be hereditary or acquired. The onset and course of TTP are now
explicable based on our knowledge of VWF-platelet physiology. Future challenges include
improvement of the assays for reliable diagnosis of TTP, delineation of modifiers affecting the
severity of the disease, and development of new therapeutic measures for more effective
treatments. With heightened interest in the investigation of this disease, the prospect of meeting
these challenges is encouraging.
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Figure 1.

Domain structure of ADAMTS13. The consensus sequence for zinc binding, potential N- and
O-glycosylation sites, and the regions sufficient for VWF cleaving activity and for interaction
with IgG antibodies of TTP are marked. Truncation upstream of the spacer domain markedly
decreases the cleaving activity against either VWF multimers or VWF fragments of the A2
domain, while truncation downstream of the spacer domain decreases the cleaving activity
against VWF multimers.
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Figure 2.

A scheme depicting how ADAMTS13 deficiency may lead to VWF-platelet aggregation and
microvascular thrombosis. Some of the VWF molecules secreted from endothelial cells may
remain transiently anchored to endothelial surface. After exposure to wall shear stress, VWF
is conformationally unfolded and is immediately cleaved ADAMTS13 to smaller forms. In the
absence of ADAMTS13, VWF becomes activated, leading to intravascular VWF-platelet

binding and microvascular thrombosis.
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Figure 3.

VWF multimer changes in TTP and HUS. A. VWF multimers and fragments in a representative
case of acute TTP. Compared to normal plasma (NP), a gradient of decreased large multimers
is noted in TTP. The decrease of large multimers is due to consumption as shear stress induces
binding of large VWF multimers to platelets. In the absence of ADAMTS13, the 350kD and
200kD fragments of VWF are decreased. B. Serial changes of VWF multimers in TTP. A
typical loss of large multimers is noted on day 1. As the patient improves with plasma exchange,
ultra large multimers are present in subsequent days. The multimer pattern shows a gradually
shift toward normal as the platelet count and ADAMTS13 activity level increase (bottom).
C. VWF multimers and fragments in a representative case of shiga toxin associated HUS. VWF
multimer is normal during the stage of colitis but shows a gradient of decreased large multimers
at the onset of HUS. The VWF fragments are markedly increased, which are attributable to
both increased VWF antigen level and increased proteolysis by ADAMTS13 [74]. VWF
multimers are separated by SDS agarose gel electrophoresis and visualized. VWF fragments
are separated by SDS agarose PAGE under non-reducing conditions. VWF is visualized with
rabbit polyclonal anti-VWF and 1251 labeled or horseradish peroxidase labeled goat anti-rabbit
1g9G.
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