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SUMMARY

ADAMTS13, encoded on chromosome 9q34, is a member of the ADAMTS (a disintegrin and 

metalloprotease with thrombospondin type 1 motif) metalloprotease family, containing the 

common domain structure of (from the amino terminus) signal peptide, propeptide, reprolysin type 

metalloprotease, thrombospondin type 1 motif, cysteine-rich region, and spacer domain. 

ADAMTS13 cleaves von Willebrand factor (VWF) in a shear stress dependent manner. 

Deficiency of the enzyme causes the platelet aggregation of thrombotic thrombocytopenic purpura 

(TTP). Inhibitory antibodies of ADAMTS13 are detected in patients with acquired TTP, while 

homozygous or double heterozygous mutations of the ADAMTS13 gene cause the hereditary form 

of the disease 1. Targeting of the ADAMTS13 gene by recombinant technology has reproduced 

the phenotype of human TTP in ADAMTS13-null mice 2.

Despite these advances, intense controversy and confusion persist regarding the role of 

ADAMTS13 assays in the diagnosis of TTP. This brief review highlights some of the contentious 

issues and proposes steps to improve the diagnostic value of ADAMTS13 assays.

1. ISSUES

(1) Is severe ADAMTS13 deficiency specific for TTP?

The specificity of severe ADAMTS13 deficiency for TTP cannot be resolved by comparing 

various clinical series of TTP and hemolytic uremic syndrome (HUS), because until recently 

there was no molecular or pathophysiological basis for distinguishing these two entities. 

Instead, the specificity is supported by the findings of many studies showing that severe 

ADAMTS13 deficiency is not found in normal subjects, randomly selected hospitalized 

patients, patients with E. coli O157:H7 associated or other specific types of thrombotic 

microangiopathy, and patients with unrelated disorders. Presence of severe ADAMTS13 

deficiency in occasional patients without “TTP” merely reflects imprecision of clinical 

diagnosis or the ADAMTS13 assays. Overall, the available data demonstrates that severe 

ADAMTS13 deficiency is specific for TTP.

(2) If severe ADAMTS13 deficiency defines TTP, why is it not present in all “TTP” patients?

Two factors contribute to this discrepancy: how TTP is defined and the reliability of 

ADAMTS13 assays, which will be discussed in a later section.

It is generally agreed that an adolescent or adult presenting with acute thrombocytopenia, 

microangiopathic hemolysis, mental changes or focal neurological deficits and hematuria 

with no or minimal renal failure has TTP if there are no other plausible causes. The 

diagnosis becomes less certain if the patient has co-existing conditions such as autoimmune 
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connective tissue disorders or develops overt renal failure, which is more likely to develop 

in patients with the hemolytic uremic syndrome.

For studies of diseases with unknown pathogenesis or molecular defects, it is necessary to 

establish a set of strict criteria to exclude cases whose diagnosis is less certain. This 

approach to optimize the uniformity of study subjects is not novel; it has been widely used 

in studies of polycythemia vera and other disorders. The trade-off is that less typical cases 

will be excluded.

In an extensive review in 1982, Bukowski proposed that for investigational purposes 

patients with plausible causes, positive anti-nuclear factors or significant renal failure should 

be excluded from the study of TTP 3. Similarly, we find that after excluding patients with 

plausible causes or peak Cr > 3.0 mg/dL, the remaining patients are uniformly associated 

with severe ADAMTS13 deficiency (Table 1) 4,5.

Table 1 also shows that severe ADAMTS13 deficiency are found in 34% – 91% of the cases 

in 10 other series, each with at least 20 cases of “TTP” 6–15. Notably, some series did not 

exclude patients with either renal failure or plausible causes, while others used diagnoses 

provided by the referring centers. Thus these series very likely included patients that had 

other types of thrombotic microangiopathy.

(3) Why are some patients with severe ADAMTS13 deficiency asymptomatic?

Absence of symptoms does not contradict with the diagnosis of TTP. It is common 

knowledge that all diseases are variable in their presentation due to differences in the genetic 

makeup and the environmental exposure of the affected individuals. The same holds true for 

diseases in which a single gene or protein plays the predominant role in the development of 

the disease phenotype.

It is now clear that the florid manifestations commonly associated with TTP are seen in 

patients presenting with advanced phase of the disease. Increasingly recognized are 

asymptomatic patients and patients presenting with isolated thrombocytopenia or strokes. 

Obviously, it is critical to identify these atypical TTP cases.

(5) How is ADAMTS13 activity measured?

Various assays have been developed to measure the activity of ADAMTS13 in plasma 

samples. These assays differ in substrates, digestion conditions, need of protease activation, 

and methods of detecting the cleavage (Table 2). For reliable results, operator experience is 

also critical.

Original ADAMTS13 assays use plasma-derived VWF multimers as the substrate and 

require a step of conformational unfolding with either urea or guanidine HCl 4,6,13,16,–18. 

Recombinant Type 2A VWF multimers and several recombinant VWF fragments have been 

produced that are constitutively susceptible to cleavage by ADAMTS13 5,15,19,20.

The substrate digestion step may require overnight incubation if it is dialyzed against urea. 

After the digestion step, some assays measure the residual VWF multimers or peptides 
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5,6,13,16,–19, while others measure the digestion products 4,15,20. Measurement of 

residual VWF multimers may yield falsely lower activity results for plasma samples 

containing high VWF concentrations, unless the VWF is depleted before the assay 18. This 

interference may account for the inverse correlation between VWF and ADAMTS13 levels 

that some investigators have observed 15,18,21.

(6) How should the performance of an ADAMTS13 assay be assessed?

Because the primary use of an ADAMTS13 assay is to identify patients with TTP due to 

severe ADAMTS13 deficiency, evaluation of an assay performance should focus on the 

range of 0% – 20%. The international collaborative study demonstrates that only one of the 

11 assays evaluated in the study produced acceptable and reproducible results in this range 

22. Separately, only one assay has been validated in a genetic linkage study of congenital 

TTP 23. Thus, assay variability may have contributed to the confusion and uncertainty in the 

interpretation of ADAMTS13 assay results. The range of 20% –100% is not relevant for 

diagnosis of TTP but is useful for follow-up studies of TTP patients and for comparison of 

samples from patients without TTP.

The international study was limited to two plasma samples mixed at various ratios and might 

not reflect the performance of the assays in practice.

(7) Are there non-inhibitory ADAMTS13 antibodies?

Analysis of mixtures of patient and normal plasma samples produces positive inhibitory 

results in 50% – 90% of the cases with severe ADAMTS13 deficiency 24. Since it does not 

detect low levels of inhibitors, a negative mixing study does not preclude the presence of 

inhibitors, and should not be regarded as an indicator that the antibodies are non-inhibitory. 

Most of the patients with negative mixing study results exhibit inhibitory activity when their 

IgG molecules are isolated and tested at high concentrations.

ADAMTS13 binding IgG is detectable in 97% – 100% of samples with severe ADAMTS13 

deficiency and obtained before blood or plasma transfusion 24–26. However, the specificity 

of ADAMTS13-binding IgG assays may be ≤90%. Inclusion of a competitive inhibition step 

with unbound ADAMTS13 improves the specificity of the assay 24.

Measurement of ADAMTS13 antigen levels produces variable results in TTP. The 

reliability of ADAMTS13 antigen measurement requires further investigation.

2. RECOMMENDATIONS

(1) Samples

In some of the plasma samples obtained from patients with a variety of conditions, the 

activity of ADAMTS13 is unstable (Figure 1). To minimize this in-vitro loss, socium citrate 

anticoagulated plasma samples should be free of clotting and tested without delay. Serum 

samples frequently yield falsely low levels.
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(2) Assay conditions

Ideally the plasma samples should be incubated for no more than one hour at 37 °C. Assays 

requiring longer incubations may yield lower values because ADAMTS13 may decay. 

Overnight incubation at 37°C should be avoided if possible. Low pH may promote 

inactivation of the protease. For assays that do not directly visualize the size of the digestion 

fragments, addition of protease inhibitors may minimize erroneous results due to extraneous 

enzymes.

(3) Quality control

As the international collaborative study clearly demonstrates, quality control is critically 

important 22. Defining the normal range and coefficient of variance is essential but may not 

be sufficient to establish the reliability of an assay. Each laboratory should vigorously 

examine the performance of its assay on a large variety of samples. Each run of assay should 

include a reference curve, a separate normal control sample, and an abnormal sample with 

ADAMTS13 activity in the range of 0% – 20%. Questionable results should be verified with 

assays based on different designs.

(4) When is ADAMTS13 measurement indicated?

Analysis of ADAMTS13 is indicated whenever TTP is suspected, but is particularly 

instrumental for patients presenting with atypical features. An ADAMTS13 assay may also 

provide critical information during the course of therapy and clinical remission.

In a patient with TTP, the platelet count may fail to normalize after plasma exchange for 

other reasons such as autoimmune thrombocytopenic purpura (particularly in patients with 

HIV infection) or heparin-induced autoimmune response. In such cases, a detectable level of 

ADAMTS13 greater than 10% of control helps exclude TTP as the cause of 

thrombocytopenia.

Patients have widely different levels of ADAMTS13 during remission. A patient with a 

level ≤ 10% – 15% of normal control is predisposed to relapse when stressed with fever, 

infection, surgery or pregnancy. Further studies are needed to determine whether serial 

ADAMTS13 analysis will predict the risk of unprovoked relapse.

(5) Interpretation of assay results

Because the propensity to platelet thrombosis in association with severe ADAMTS13 

deficiency is likely to be affected by various genetic or environmental factors, the 

ADAMTS13 threshold levels for causing manifestation of TTP differ among individual 

patients and may be lower than the level used for exclusion of TTP. Each laboratory should 

establish its own threshold values. Sequential ADAMTS13 analysis in individual cases may 

be more informative than a single measurement.

A very low ADAMTS13 value (< 15% – 20%) without evidence of compromised VWF 

proteolysis raises the possibility that it does not reflect the correct ADAMTS13 level of the 

patient.

Tsai Page 4

Int Rev Thromb. Author manuscript; available in PMC 2015 October 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(6) Literature review

Differences in the assays and in the selection of study subjects are critical factors for proper 

interpretation of the clinical series. Indiscriminate comparison of clinical studies fuels 

confusions. For individual cases, the experience of the laboratory is more relevant than a 

cursory review of the literature.
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Figure 1. Decline of ADAMTS13 activity in two plasma samples
A: Time-dependent decline of ADAMTS13 activity in one sample at 37°C.

B: Temperature dependent decline of ADAMTS13 activity in another plasma sample after 

incubation for 24 hours.
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