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Background
Type G immunoglobulins against ADAMTS13 are the primary cause of acquired (idiopathic)
thrombotic thrombocytopenic purpura. However, the domains of ADAMTS13 which the type
G anti-ADAMT13 immunoglobulins target have not been investigated in a large cohort of
patients with thrombotic thrombocytopenic purpura.

Design and Methods
Sixty-seven patients with acquired idiopathic thrombotic thrombocytopenic purpura were
prospectively collected from three major U.S. centers. An enzyme-linked immunosorbent
assay determined plasma concentrations of anti-ADAMTS13 type G immunoglobulins, where-
as immunoprecipitation plus western blotting determined the binding domains of these type
G immunoglobulins. 

Results
Plasma anti-ADAMTS13 type G immunoglobulins from 67 patients all bound full-length
ADAMTS13 and a variant truncated after the eighth TSP1 repeat (delCUB). Approximately
97% (65/67) of patients harbored type G immunoglobulins targeted against a variant truncat-
ed after the spacer domain (MDTCS). However, only 12% of patients’ samples reacted with a
variant lacking the Cys-rich and spacer domains (MDT). In addition, approximately 37%, 31%,
and 46% of patients’ type G immunoglobulins interacted with the ADAMTS13 fragment con-
taining TSP1 2-8 repeats (T2-8), CUB domains, and TSP1 5-8 repeats plus CUB domains (T5-
8CUB), respectively. The presence of type G immunoglobulins targeted against the T2-8 and/or
CUB domains was inversely correlated with the patients’ platelet counts on admission. 

Conclusions
This multicenter study further demonstrated that the multiple domains of ADAMTS13, partic-
ularly the Cys-rich and spacer domains, are frequently targeted by anti-ADAMTS13 type G
immunoglobulins in patients with acquired (idiopathic) thrombotic thrombocytopenic purpu-
ra. Our data shed more light on the pathogenesis of acquired thrombotic thrombocytopenic
purpura and provide further rationales for adjunctive immunotherapy.

Key words: immunoglobulin, thrombotic thrombocytopenic purpura, ADAMTS13, adjunc-
tive immunotherapy.
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Introduction

Thrombotic thrombocytopenic purpura (TTP), a life-
threatening thrombotic microangiopathy, is characterized
by profound thrombocytopenia and hemolytic anemia
with varying degrees of neurological disturbances and/or
renal abnormalities. TTP can be classified into at least
three major groups: congenital, idiopathic (or autoim-
mune) and non-idiopathic (or secondary) TTP. Congenital
TTP is caused by constitutional deficiency of plasma
ADAMTS13 activity due to compound heterozygous or
homozygous mutations in the ADAMTS13 gene.1,2
Idiopathic TTP or acquired autoimmune TTP mainly
occurs in previously healthy individuals as a result of pro-
duction of autoantibodies that bind and neutralize the
proteolytic activity of ADAMTS13 and/or accelerate
clearance of ADAMTS13 in vivo.3,4 Patients with non-idio-
pathic or secondary TTP constitute a heterogeneous
group secondary to pregnancy, autoimmune diseases,
infection, drugs (e.g. cyclosporine A, FK 506, mitomycin,
ticlopidine and clopidogrel), and hematopoietic progeni-
tor cell transplantation.2,5 To date, plasma infusion and/or
plasma exchange remains the first-line therapy to reduce
the mortality rate regardless of the etiology and patho-
physiology of the TTP.6
Plasma ADAMTS13 activity in patients with acquired

autoimmune TTP is usually severely deficient (less than
5% of normal) and an inhibitor can be demonstrated by
functional assays in approximately 50% to 90% of the
cases.7 When an enzyme-linked immunosorbent assay
(ELISA) is used, autoantibodies against ADAMTS13 are
detectable in 97% to 100% of patients.7,8 Most of these
autoantibodies are type G immunoglobulins (IgG),4 par-
ticularly IgG1 and IgG4 subtypes.9 Type M (IgM) and
type A (IgA) isotypes have also been described in some
cases.8,10 The severe deficiency of plasma ADAMTS13
activity and the presence of anti-ADAMTS13 autoanti-
bodies are considered to be highly specific for the diagno-
sis of acquired idiopathic TTP.11,12 Adjunctive immuno-
suppressive therapies such as cyclophosphamide,
cyclosporine and rituximab have been shown to be effec-
tive for patients with high-titer inhibitors or for those
refractory to routine plasma exchange therapy.13
Persistent anti-ADAMTS13 autoantibodies in patients’
plasma are associated with frequent relapses and poor
long-term outcome.14-16
Despite the recognition of the importance of anti-

ADAMTS13 IgG in the pathogenesis of acquired TTP, the
binding epitopes of IgG autoantibodies have not been
well investigated in a large cohort of TTP patients. The
results published to date are either from small case series
or obtained using non-physiological antigens or detection
methods and are not concordant. For example, Klaus et
al.,17 using recombinant ADAMTS13 fragments expressed
in E. coli and a direct western blotting technique, showed
that all 25 patients investigated harbored IgG autoanti-
bodies that were specific toward the spacer domain of
ADAMTS13 in addition to various other domains.
However, Luken et al.,18 using recombinant ADAMTS13
fragments expressed in insect cells, demonstrated that all
seven of their patients’ IgG bound the spacer domain, but
rarely the other domains of ADAMTS13. Further studies
are, therefore, necessary to strengthen or confirm either
one of these previous observations, which may help in
the understanding of the pathogenesis of TTP and the

design of rational therapies.
To circumvent the potential pitfalls of the two previous

studies, we expressed recombinant ADAMTS13 and vari-
ants/fragments in human embryonic kidney (HEK)-293
cells and employed a more physiological detection sys-
tem including immunoprecipitation followed by western
blotting to detect the immune complexes. A total of 67
patients with acquired (idiopathic) TTP were prospective-
ly enrolled into the study from three major U.S. medical
centers. The results demonstrate that multiple functional
domains of ADAMTS13, particularly the Cys-rich and
spacer domains, appear to be frequently targeted by anti-
ADAMTS13 IgG in patients with acquired (idiopathic)
TTP. The presence of anti-ADAMTS13 IgG autoantibod-
ies against the middle and distal C-terminal domains of
ADAMTS13 seems to be inversely correlated with the
initial platelet counts on admission. These findings sug-
gest a role of multiple C-terminal domains of
ADAMTS13 for function in vivo.

Design and Methods

Patients
The study protocols were reviewed and approved separately by

the Institutional Review Boards at The Children’s Hospital of
Philadelphia and The University of Pennsylvania Medical Center,
Ohio State University and Northwestern University, respectively.
Informed consent to participation in the study was obtained from
patients or the patients’ legal guardians at the participating centers.
Patients aged from 17 to 84 years old (mean±SD; 43±15 years)
with a clinical diagnosis of acquired idiopathic TTP who were
receiving plasma exchange therapy and undergoing follow-up
were enrolled into the study. Patients with acquired thrombotic
microangiopathies secondary to pregnancy, cancer, drugs,
hematopoietic progenitor cell transplantation and infections were
all excluded from the study. The patients’ demographic data and
laboratory values are summarized in Table 1. The diagnostic crite-
ria for acquired (idiopathic) TTP and protocols for sample collec-
tion have been described  previously.16,19

Assay for plasma ADAMTS13 activity 
and autoantibodies against ADAMTS13
FRETS-VWF73 (Peptides International, Louisville, KY,

USA)20,21 and GST-VWF73-His peptide plus surface enhanced
laser desorption/ionization (SELDI) time-of-flight (TOF) mass
spectrometry22-25 were used for determining plasma ADAMTS13
activity as previously described. Normal human plasma was
used for calibration. The results obtained from FRETS-vWF73
were well correlated with those from the SELDI-TOF method
(r=0.87, n=9). The plasma levels of IgG against ADAMTS13
were determined by TECHNOZYM® ADAMTS-13 INH
(Technoclone, Vienna, Austria) or by IMUBIND® ADAMTS13
autoantibodies (American Diagnostics, Stamford, CT, USA). The
assays were performed in duplicate according to the manufac-
turers’ recommendations. In the TECHNOZYM® ADAMTS-13
INH assay, plasma IgG levels less than 12 units/mL were defined
as negative; 15-49 units/mL were assigned a score of 1+, those
from 50-100 units/mL a score of 2+, and levels greater than 100
units/mL were scored as 3+. In the IMUNBIND® ADAMTS13
autoantibody assay, IgG levels less than 10 units/mL were con-
sidered negative, those of 10-49 units/mL given a score of 1+,
levels of 50-100 units/mL a score of 2+ and levels greater than
100 units/mL a score of 3+. One arbitrary unit is equivalent to 1
mg of purified anti-ADAMTS13 IgG according to the manufac-

X.L. Zheng et al.

1556 haematologica | 2010; 95(9)



Anti-ADAMTS13 IgG binding epitopes in acquired TTP

haematologica | 2010; 95(9) 1557

Table 1. Demographic and clinical data and antibody binding sites in patients with idiopathic TTP.
# Age/Sex/Race Plt Hct (%) LDH Cr CNS AD13 Act./IgG Constructs

(x109/L) (U/L) (mg/dL) symptoms (% vs. U/mL) MDTCS/MDT T5-8CUB/CUB

1 38/F/B 10 31.4 1836 1.4 No <5/88 +/- -/-
2 62/F/B 8 16.5 2090 1.0 Yes 10/88 +/- +/-
3 39/F/W 20 15.6 1818 1.0 No 9.3/20 +/- +/+
4 77/F/B 11 26.6 408 1.5 Yes <5/88 +/- +/+
5 79/F/B 7 27.4 1660 1.4 Yes <5/88 +/- +/+
6 55/F/B 13 25.0 ND* ND ND 24/33 +/- +/+
7 49/M/U 8 24.0 2708 ND ND <5/75 +/- -/-
8 56/F/B 19 29.0 654 1.1 Yes 5.2/88 +/- +/+
9 50/F/B 6 32.6 627 1.0 No <5/88 -/- +/-
10 44/F/B 15 23.0 695 1.1 Yes 5.1/88 +/- +/-
11 21/F/W 9 12.9 1489 1.5 Yes 8.8/65 +/- -/-
12 26/F/W 18 25.0 680 0.9 No 18/2 +/- +/+
13 84/F/U 30 30.0 1164 0.9 Yes <5/88 +/- +/+
14 17/F/A 29 36.0 1206 0.8 Yes 12/29 -/- +/+
15 50/F/B 8 42 1945 5.9 Yes <5/>100 +/- +/-
16 61/F/W 33 28.1 511 0.8 Yes <5/73 +/- +/-
17 42/M/B 16 24 6517 1.2 No <5/>100 +/- +/+
18 51/F/B 28 ND 6517 1 Yes <5/>100 +/- +/-
19 34/M/B 0 32.7 859 1.9 No <5/152 +/- +/-
20 34/M/B 15 22.5 2703 0.9 Yes <5/>100 +/- +/+
21 23/F/B 11 18 3412 0.8 Yes <5/84 +/- +/+
22 30/F/B 8 17.9 1741 1.8 No <5/ND +/- +/+
23 40/F/W 21 21.3 2335 0.7 Yes <5/39 +/- +/+
24 57/F/B 11 17.9 4833 0.9 Yes <5/>100 +/- +/-
25 42/F/B 23 16.8 3259 0.8 Yes <5/33 +/- +/-
26 29/F/W 67 29 766 10.4 No <5/12 +/- -/-
27 27/F/B 7 20.3 6995 0.9 Yes 8/75 +/+ +/+
28 38/F/W 15 23.8 692 1.4 No <5/17 +/+ -/-
29 58/F/B 14 23.4 5026 1.4 Yes <5/25.8 +/- -/-
30 21/F/B 13 24 2757 0.7 Yes <5/>100 +/- -/-
31 28/F/B 7 20.5 6995 0.9 No 45/75 +/- -/-
32 37/F/B 14 22.8 7274 1.2 Yes 18/>100 +/- -/-
33 45/F/B 88 27.9 995 0.7 Yes <5/55.3 +/- -/-
34 40/F/B 22 18.3 4189 1 Yes <5/23 +/- -/-
35 33/F/B 13 23.8 2072 2.5 Yes <5/>100 +/- +/+
36 44/F/B 8 22.8 518 1.2 Yes <5/>100 +/- +/+
37 19/F/W 21 26 1330 1.2 Yes <5/71 +/- +/+
38 34/F/B 5 27.7 960 0.8 No <5/102 +/- -/-
39 47/M/B 0 20.6 532 1.9 No <5/26 +/- -/-
40 46/F/W 16 23 2523 0.8 Yes <5/95 +/- -/-
41 20/F/W 26 23.5 1391 0.9 Yes <5/17 +/- -/-
42 32/F/B 48 22 1710 5.2 No 174/21 +/- -/-
43 48/F/W 7 19 3951 1 Yes 29/55 +/- -/-
44 52/M/W 10 26.9 1318 ND Yes <5/112 +/- +/-
45 28/F/B 38 15.7 8589 1 Yes <5/56.2 +/- -/-
46 61/F/W 44 22.6 516 0.9 Yes <5/112 +/- -/-
47 47/F/B 16 24.6 2991 1 No <5/27 +/- -/-
48 48/F/B 118 34 264 1.07 No <5/9845 +/- -/-
49 48/M/W 85 32 270 0.83 Yes <5/1410 +/- -/-
50 25/F/W 14 26 1112 2.5 Yes <5/6634 +/- -/-

continued on the next page.



turer’s recommendation (American Diagnostica, Stamford, CT,
USA).

Immunoprecipitation plus western blotting
Recombinant ADAMTS13 or variants were prepared as

described previously.22,24 Approximately 150 ng of purified
recombinant proteins were incubated with 5-20 mL of patients’
plasma or normal human plasma in the presence of 0.1% pro-
tease inhibitor cocktail (Sigma, St Louis, MO, USA) at 4°C
overnight. Protein A- and protein G-Sepharose 4B resins (20 mL
of each) (GE Healthcare, Piscataway, NJ, USA) were then added
and incubated at room temperature for 2 h. After being washed
three times with phosphate-buffered saline, the antigen-anti-
body complexes were eluted from the protein A/G-Sepharose
4B resins by heating at 100°C for 5 min with 40 mL of Laemmli’s
sample buffer (62.5 mM Tris-HCl, pH 6.8, 25% glycerol, 2%
SDS and 0.01% bromophenol blue; Bio-Rad, Hercules, CA,
USA) containing 5% b-mercaptoethanol. The proteins were
fractionated on an 8% or 4-20% SDS-polyacrylamide gel and
transferred to a nitrocellulose membrane. The membrane was
incubated with monoclonal anti-V5 IgG (1:5,000) in TBS con-
taining 2.5% non-fat milk and 0.05% Tween 20, followed either
by a peroxidase-conjugated goat anti-mouse IgG (1:5,000) (BD
Biosciences, Franklin Lakes, NJ, USA) or an IRDye® 800CW-
labeled rabbit anti-mouse IgG (LI-COR Bioscience, Lincoln,
Nebraska) in TBS containing 2.5% non-fat milk and 0.05%
Tween-20. The enhanced chemiluminescent reagents (BD
Biosciences)26 or Odyssey infrared imaging system (LI-COR
Bioscience, Lincoln, Nebraska)27 was used to determine the
bound secondary antibody, as previously described. 

Statistical analysis
A scatter plot was obtained using Sigma plot software. The

two-tailed Mann-Whitney test was used to determine whether
platelet counts or autoantibody titers in one group whose
autoantibodies bound to both N-terminal and C-terminal frag-
ments (including TSP1 2-8, TSP1 5-8CUB and/or CUB) were dif-
ferent from those in another group whose autoantibodies only

bound to the N-terminal fragments. The U and P values were
determined using the Smith's Statistical Package (SSP) (http://stat-
pages.org/javasta2.html).

Results

Demographic and clinical data
The patients’ demographic data and clinical information

are all summarized in Table 1.  The mean age of all 67
patients with acquired idiopathic TTP was approximately
43 years, with the ages ranging from 17 to 84 years.
Female patients predominated, with a female to male ratio
of approximately 6 to 1. Just over half of the patients
(35/67) were black; the other half were white (29/67),
Asian (1/67) or of unknown race (2/67). Forty-three of the
67 patients (64%) had platelet counts less than 20¥109/L
on admission or at the time of sample collection with the
mean platelet count being 22¥109/L (range, 0 to 118
¥109/L). The mean hematocrit was 25 g/dL (range, 12 to 42
g/dL). Serum levels of lactate dehydrogenase were elevat-
ed (normal less than 250 U/L) in all patients tested, with
the mean±SD value being 2,060±1,966 U/L (range, 254 to
8,589 U/L). Sixteen of 64 (25%) patients were found to
have elevated serum creatinine (normal less than 1.5
mg/dL). All patients received plasma exchange therapy
and many were treated with additional adjunctive thera-
pies such as corticosteroids. Patients 50, 52, 57, 58, 60, 61,
64 and 65 were given cyclosporine A and patients 2, 5, 8,
10, and 49 were given vincristine. The patients were fol-
lowed up from 30 days to 3 years to assess their clinical
response. 

Plasma ADAMTS13 activity and anti-ADAMTS13
immunoglobulins 
All the patients’ plasma ADAMTS13 activity and anti-

ADAMTS13 IgG titers are summarized in Table 1. The
ADAMTS13 activity and inhibitors in patients 1-47 were
measured by a FRETS-vWF73 assay, whereas those in
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51 37/F/W 35 23 505 0.68 Yes <5/2149 +/- -/-
52 31/M/W 24 34 1401 1.98 No <5/1125 +/- -/-
53 47/M/W 74 32 502 1.41 No <5/>2400 +/- -/-
54 67/F/W 21 24 1858 1.3 No <5/462 +/- -/-
55 50/F/W 10 20 1997 2.2 Yes <5/1044 +/- -/-
56 62/F/W 8 13 2049 2.14 Yes <5/612 +/+ -/-
57 43/F/W 6 29 513 0.71 No <5/574 +/+ +/+
58 50/F/W 19 30 919 0.78 No <5/662 +/+ -/-
59 26/F/B 5 21 523 0.78 No <5/571 +/+ +/+
60 55/F/B 45 30 593 1.19 Yes <5/372 +/+ -/-
61 22/F/B 14 20 538 0.79 No <5/406 +/- -/-
62 67/F/W 21 24.3 1858 1.64 Yes <5/462 +/- -/-
63 60/F/W 12 20.6 1280 0.85 Yes <5/374 +/- -/-
64 30/M/W 6 30 1544 5.5 Yes <5/265 +/- +/-
65 49/F/W 14 19.6 932 1.29 Yes 9.1/314 +/- +/+
66 39/F/W 11 34.3 1156 1.7 Yes <5/147 +/- +/+
67 50/F/W 25 28.4 390 0.81 No <5/348 +/+ -/-

F:female; M: male; Hct: hematocrit; LDH: lactate dehydrogenase; Cr: creatinine; ND: not determined; N/A: not applicable; A: Asian, B: black; W: white, U: unknown; < less than,>
greather than, + positive, and - negative.  All patients' IgG bound FL-A13, delCUB and MDTCS; this results are not, therefore, listed in this table.



patients 48-67 were determined by the SELDI-TOF tech-
nique. The results showed that 59/67 (~88%) of patients
had plasma ADAMTS13 activity less than 10% of normal,
7/67 patients (~10%) had activity between 10% and 50%
of normal, and 1/67 (1.5%) patients had plasma
ADAMTS13 activity that was greater than 50% of nor-
mal. Anti-ADAMTS13 IgG (greater than 15 units/mL by
the TECHNOZYM® standard or greater than 10 units/mL
by the IMUBIND® standard) were detected in 64/67
(~96%) patients, with the IgG titers ranging from 17 to
9,845 units/mL. Two patients (12 and 26) negative by
ELISA were positive for multiple ADAMTS13 variants by
the immunoprecipitation plus western blot technique,
suggesting that this latter technique may be more sensi-

tive than commercial ELISA in identifying IgG against
ADAMTS13 in TTP patients. The plasma IgG from
healthy donors did not bind ADAMTS13 and
variants/fragments detectably by immunoprecipitation
and western blot (data not shown). 

Binding domains of anti-ADAMTS13 immunoglobulins
in patients with idiopathic thrombotic 
thrombocytopenic purpura 
To determine anti-ADAMTS13 IgG binding sites, we

prepared a series of truncated ADAMTS13 variants in
addition to full-length protein from HEK293 cells (Figure
1A). Most proteins except MDT, TSP1 2-8 and CUB used
in this study were affinity-purified to greater than 90% of

Anti-ADAMTS13 IgG binding epitopes in acquired TTP
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Figure 1. Identification of
anti-ADAMTS13 IgG auto -
antibodies by immunopre-
cipitation and western blot-
ting. (A) The schematic
domain representation of
the constructs of recombi-
nant ADAMTS13 and vari-
ants used in the study. M:
metalloprotease domain;
D: disintegrin domain; 1-8:
1-8th thrombospondin type
1 repeats; C and S: cys-rich
and spacer domains; and
CUB: two CUB domains.  (B)
Purified and partially puri-
fied ADAMTS13 and vari-
ants (~20-50 ng/lane) were
detected by SDS-PAGE and
western blotting with anti-
V5 (1:5,000) and IDye800-
labeled anti-mouse IgG. (C-
J) eight representative bind-
ing patterns of plasma anti-
ADAMTS13 IgG from
patients 1, 8, 9, 10, 13, 14,
50 and 52, respectively. In
these experiments, ~200
ng of recombinant
ADAMTS13 and variants
were incubated at 4ºC
overnight with 5-10 mL of
patients’ plasma. After
being washed three times
with TBS, the bound
ADAMTS13/var iant - IgG
complexes were pulled
down by the mixture of pro-
tein-G/protein A Sepharose
4B, and determined by
western blot with anti-V5
(1:5,000), followed by
either anti-mouse IgG, per-
oxidase conjugated
(1:5,000) and chemilumi-
nescent reagents (C-H) or
by IDye800-labeled anti-
mouse IgG (1:12,500) and
Odyssey imaging detection
(panels I and J). The star on
the left right side of panels
E and H indicates an
unknown non-specific pro-
tein contaminated in the
protein A-Sepharose 4B
beads used at this particu-
lar time. 
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purity as determined by SDS-PAGE and Coomassie blue
staining (data not shown). Western blotting with anti-V5
demonstrated the correct sizes of all recombinant
ADAMTS13 and variants/fragments, as expected, with lit-
tle degradation (Figure 1B). The antigen-antibody reac-
tions were performed in solution by an immunoprecipita-
tion method. The immune complexes were determined
by western blotting with highly specific monoclonal anti-
V5 IgG as described in the Design and Methods section. The
combination of all three (recombinant ADAMTS13/vari-
ants expressed in mammalian cells, immunoprecipitation
and western blotting) allowed us to detect conformation-
sensitive or perhaps discontinuous binding epitopes.
Figure 1C through Figure 1J show eight representative
autoantibody binding patterns from patients 1, 8, 9, 10,
13, 14, 50, and 52. The IgG from patients 1 (Figure 1C) and
52 (Figure 1J) recognized only the N-terminal fragments
up to the spacer domain. The IgG from patients 8 (Figure
1D), 10 (Figure 1F), 13 (Figure 1G) and 50 (Figure 1I) recog-
nized, to various degrees, the more distal C-terminal
domains of ADAMTS13. Interestingly, patients 9 (Figure
1E) and 14 (Figure 1H) appeared to have IgG that predom-
inantly targeted the C-terminal fragments of ADAMTS13
with no or weak reactivity toward the N-terminal frag-
ment, MDTCS. 
All of the 67 patients with acquired TTP appeared to

bind full-length ADAMTS13 (construct FL-AD13) and the
variant truncated after the eighth TSP1 repeat (construct
delCUB). Nearly all (~97%) of them (the exceptions being
patients 9 and 14) recognized the N-terminal half of
ADAMTS13 (construct MDTCS). However, when the
Cys-rich and spacer domains were further removed from
the MDTCS fragment (construct MDT), the anti-
ADAMTS13 IgG reactivity dropped to approximately
12% (Tables 1 and 2), suggesting that the Cys-rich and
spacer domains of ADAMTS13 contain the major binding
sites for autoantibodies against ADAMTS13 in patients
with acquired (idiopathic) TTP. Moreover, we found that
various C-terminal domains of ADAMTS13 were recog-
nized by the plasma anti-ADAMTS13 IgG in patients
with acquired TTP (Table 1). Of the 67 patients, 21 (31%),
24 (36%) and 31 (46%) had IgG that bound the CUB
domains (CUB), the TSP1 2-8 repeats (T2-8) and the TSP1
5-8 repeats plus CUB domains (T5-8CUB), respectively
(Table 2). As controls, IgG isolated from ten healthy indi-
viduals did not bind to any one of the ADAMTS13 pro-
teins detectably under the conditions used for our
immunoprecipitation/western blot experiments (data not
shown). Platelet counts on admission were lower in the
group of patients whose anti-ADAMTS13 IgG reacted

with the middle and distal C-terminal domains of
ADAMTS13 than in the group of patients whose IgG tar-
geted only the N-terminal fragments up to the spacer
domain (U=1189.0, P=0.0336) (Figure 2A). In contrast,
there appeared to be a trend toward higher anti-
ADAMTS13 IgG titers in patients whose IgG bound only
to the N-terminal fragments than in patients whose IgG
reacted with both N-terminal and C-terminal fragments.
The difference was not, however, statistically significant
(U=1102.0, P=0.2140) (Figure 2B). Moreover, no correla-
tion was found between the presence of anti-ADAMTS13
IgG against the TSP1 2-8 and/or CUB domains and the fre-
quency of neurological symptoms (data not shown). These
findings suggest that the autoantibodies that bind the N-
terminus and C-terminus of ADAMTS13 may synergisti-
cally interfere with ADAMTS13 function in vivo.

Discussion

In this study recombinant full-length ADAMTS13 and
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Table 2. ADAMTS13 domains recognized by anti-ADAMTS13 IgG in
patients with acquired idiopathic TTP 
Constructs # Positive/Total % Positive

FL-AD13 67/67 100.0
delCUB 67/67 100.0
MDTCS 65/67 97.0
MDT 8/67 11.9
CUB 21/67 31.3
T5-8CUB 31/67 46.3
T2-8 24/67 35.8

Figure 2. Correlations between the C-terminal antibody binding and
patients’ platelet counts or autoantibody titers. Panel A and panel
B show the platelet counts and plasma autoantibody titers, respec-
tively,  in one group with anti-ADAMTS13 IgG against the middle and
distal C-terminal domains (C-terminal binding) and in another group
with IgG binding only the N-terminal fragments up to the spacer
domain of ADATMS13 (no C-terminal binding). The differences
between the two groups were determined by a two-tailed Mann-
Whitney test. P values less than 0.05 were considered to be statis-
tically significant. 
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various variants/fragments of ADAMTS13 expressed and
purified from mammalian cells were used to investigate
the domains of ADAMTS13 that the anti-ADAMTS13
IgG from patients with acquired idiopathic TTP bind
under more physiologically relevant conditions than had
been previously explored. Our results demonstrate that
nearly all patients (~97%) harbor IgG that specifically tar-
get the N-terminal half of ADAMTS13 (i.e. the MDTCS
fragment), but that the removal of the Cys-rich and spac-
er domains markedly reduces the antibody reactivity, sug-
gesting that the Cys-rich and spacer domains contain the
major binding sites for anti-ADAMTS13 IgG in these
patients. These results are consistent with those previous-
ly reported in two smaller series.17,18 It remains to be deter-
mined where exactly the binding epitopes of the anti-
ADAMTS13 IgG are on the Cys-rich and spacer domain.
Limited data from literature suggest that certain regions in
the spacer domain, such as amino acid residues Tyr572-
Asn579 and Arg657-Gly666, may be frequently targeted by the
anti-ADAMTS13 IgG in patients with acquired TTP.28 Our
recent data have shown that the amino acid residues
Arg659, Arg660, and Tyr661 in the spacer domain are critical for
the recognition of von Willebrand factor (vWF) under var-
ious conditions.29 Several other studies26,30 have also shown
that the spacer domain of ADAMTS13 is required for pro-
ductive cleavage of various peptidyl substrates such as
FRETS-vWF73, GST-vWF73, and multimeric vWF under
static/denaturing conditions. The spacer domain has also
been shown to be critical for recognition and cleavage of
soluble and cell bound multimeric vWF under fluid shear
stress.29,31 The anti-ADAMTS13 IgG that bind other N-ter-
minal domains (metalloprotease, disintegrin domain, first
TSP1 repeat and Cys-rich domain) are, therefore, expect-
ed to cause inhibition of vWF proteolysis as these
domains appear to participate in substrate recognition
under various conditions. 
Moreover, approximately one third to half of patients’

anti-ADAMTS13 IgG target the C-terminal half of
ADAMTS13 including the TSP1 2-8 repeats and/or the
CUB domains (Tables 1 and 2). It does, however, remain
to be determined whether the anti-ADAMTS13 IgG tar-
geted at these middle and distal C-terminal domains of
ADAMTS13 are clinically important or not. We found that
only very few TTP patients harbor the anti-ADAMTS13
IgG that specifically target these domains without binding
to the N-terminal half of ADAMTS13. For instance,
patients 9 and 14 had anti-ADAMTS13 IgG that predom-
inantly bound the middle and distal C-terminal fragments
(TSP1 5-8 plus CUB, TSP1 2-8 and/or CUB domain).
Reactivity with MDTCS was either undetectable (Figure
1E) or weakly detectable (Figure H). Interestingly, patient
9 showed a severe deficiency of plasma ADAMTS13
activity (less than 5%) and patient 14 had moderately
reduced plasma ADAMTS13 activity (12%), as deter-
mined by the FRETS-vWF73 assay. Both patients achieved
a clinical recovery, with increases of plasma ADAMTS13
activity according to the FRETS assay (data not shown),
after plasma exchange therapy. These results suggest that
the binding of anti-ADAMTS13 IgG predominantly to the
C-terminal half of ADAMTS13 alone may also be patho-
genic in vivo. Several recent studies including ours have
demonstrated that the middle and distal C-terminal
domains of intact ADAMTS13 may play a role in the
recognition and proteolytic cleavage of native vWF under

fluid shear stress.24,32 Moreover, the distal TSP1 repeats
bind the endothelial cell surface, which may enhance pro-
teolytic cleavage of newly released ultralarge-vWF on
endothelial cells by ADAMTS13 under flow conditions.33
The inverse correlation between anti-ADAMTS13 IgG
positivity for the middle and distal C-terminal domains of
ADAMTS13 and the patients’ initial platelet counts
(Figure 2A) further supports the hypothesis that anti-
ADAMTS13 IgG autoantibodies against the more distal
C-terminal domains in conjunction with those against the
proximal C-terminal domains may have a synergistic
effect on ADAMTS13 function in vivo.
It is worth noting that two patients with normal (patient

42) or near normal (patient 31) plasma ADAMTS13 activ-
ity according to the FRETS-vWF73 assay and two other
patients (patients 12 and 26) with no detectable anti-
ADAMTS13 IgG by the ELISA method were positive for
anti-ADAMTS13 IgG according to our assay (Table 1),
suggesting that the combination of immunoprecipitation
and western blotting may be more sensitive than an ELISA
or direct western blotting for the identification of the con-
formation-sensitive autoantibodies. The immobilization
of the protein of interest (ADAMTS13 and variants/frag-
ments) on the plastic surface, as in the ELISA assay, or on
the nitrocellulose membrane, as in the direct western blot
assay previously described,17 may mask some of the
potential binding sites or cause conformational changes of
the target protein antigens, resulting in potentially false
negative results. Our assay may, therefore, help to identi-
fy more patients with anti-ADAMTS13 IgG in their plas-
ma. The detection of plasma anti-ADAMTS13 IgG in con-
junction with severely deficient ADAMTS13 activity is
highly specific for acquired (autoimmune) TTP,11,12 which
may warrant adjunctive immunotherapies in addition to
standard plasma exchange therapy. 
We conclude that multiple domains of ADAMTS13 are

targeted by anti-ADAMTS13 IgG in patients with
acquired (idiopathic) TTP. Although the Cys-rich and
spacer domains of ADAMTS13 contain the major binding
epitopes for the anti-ADAMTS13 IgG, the other more dis-
tal C-terminal domains are also targeted by anti-
ADAMTS13 IgG, which may result in a synergistically
detrimental effect on ADAMTS13 function in vivo. Our
findings further support the role of various C-terminal
domains of ADAMT13 for anti-thrombotic functions in
vivo. This in turn provides the basis for developing new
diagnostic and therapeutic strategies for the care of
patients with acquired autoimmune TTP.
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