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Abstract In this study, we investigated a case of pregnancy-onset thrombotic thrombocytopenic
purpura (TTP). The patient had severely decreased ADAMTS13 (a disintegrin and
metalloprotease with thrombospondin type 1 motif, member 13) activity levels during
acute phase and the presence of inhibitory anti-ADAMTS13 autoantibodies was
demonstrated, which led to the diagnosis of immune-mediated TTP. However,
ADAMTS13 activity was only mildly restored during remission, although inhibitory
anti-ADAMTS13 antibodies were no longer detected. We hypothesized that genetic
abnormalities could account for this discrepancy between ADAMTS13 activity and
antigen. Genetic analysis revealed the presence of two heterozygous substitutions on
the same allele: a single nucleotide polymorphism (SNP) c.2699C > T (p.A900V),
located in the beginning of the T5 domain, and a mutation c.3530G > A (p.R1177Q)
located in the third linker region of ADAMTS13. In vitro testing of those substitutions by
expression of recombinant proteins revealed a normal secretion but a reduced
ADAMTS13 activity by the novel p.R1177Q mutation, which could partially explain
the subnormal activity levels found during remission. Although changes in the linker
regionmight induce conformational changes in ADAMTS13, the p.R1177Qmutation in
the third linker region of ADAMTS13 did not expose a cryptic epitope in the
metalloprotease domain. In conclusion, we report on an immune-mediated preg-
nancy-onset TTP patient who had inhibitory anti-ADAMTS13 autoantibodies during
acute phase, but not during remission. Genetic analysis confirmed the diagnosis of
immune-mediated TTP and revealed the novel p.R1177Q mutation which mildly
impaired ADAMTS13 activity.
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Introduction

The rare and life-threatening disease thrombotic thrombo-
cytopenic purpura (TTP) is caused by a severe deficiency in
the metalloprotease ADAMTS13 (a disintegrin and metallo-
protease with thrombospondin type 1 motif, member 13).1

ADAMTS13 is encoded by 29 exons which results in a multi-
domain protein containing a signal peptide, propeptide,
metalloprotease domain, disintegrin-like domain, a first
thrombospondin type 1 repeat (T1), cysteine-rich domain,
spacer domain, seven additional T domains (T2-T8), and two
CUB domains.2

Inefficient functioning of ADAMTS13 (< 10% activity)
results in the accumulation of ultra-large von Willebrand
factor (UL-VWF) multimers in circulation. UL-VWF is hyper
reactive and spontaneously binds platelets. This leads to the
formation of microthrombi that obstruct the microvascu-
lature, resulting in organ failure, thrombocytopenia, and
hemolytic anemia or even death when left untreated.1 In
more than 95% of the patients, TTP is caused by the presence
of anti-ADAMTS13 autoantibodies (immune-mediated TTP)
that inhibit ADAMTS13 activity or accelerate its clearance
from circulation.3,4 Far less patients (< 5%) suffer from
congenital TTP (Upshaw-Schulman syndrome), in which
ADAMTS13 deficiency is due to genetic mutations within
the ADAMTS13 gene.5 Those mutations can lead to a secre-
tion deficiency or impaired activity of the enzyme.6 The
onset of TTP is not simply caused by an ADAMTS13 defi-
ciency alone, but an additional trigger like infection or
pregnancy is typically needed to initiate an acute TTP
episode.

The diagnosis of immune-mediated TTP at presenta-
tion is often based on the presence of anti-ADAMTS13
autoantibodies and the absence of a family history,
whereas the opposite holds true for congenital TTP.
However, some rare cases of congenital TTP patients
presenting with anti-ADAMTS13 autoantibodies have
been described.7–9 On the other hand, two sisters have
been reported who had acquired immune-mediated TTP,
although their familial history was suspicious for con-
genital TTP.10 Hence, it was suggested that investigating
the presence of both anti-ADAMTS13 autoantibodies and
ADAMTS13 genetic variations is sometimes essential to
improve the differential diagnosis between immune-
mediated TTP and congenital TTP.11 In addition, some
patients with immune-mediated TTP have been described
with a heterozygous mutation (R1060W) in their
ADAMTS13 gene.9 In vitro studies of the heterozygous
mutations found in immune-mediated TTP patients might
help in understanding ADAMTS13 activity levels during
remission or might aid in further unravelling the mode of
action of ADAMTS13.

In this study, we investigated a case of pregnancy-onset
TTP that presented with anti-ADAMTS13 autoantibodies
and also had a heterozygous known ADAMTS13 SNP (p.
A900V, exon 21) together with a novel mutation (p.R1177Q,
exon 25). The influence on the secretion, activity, and
conformation of ADAMTS13 was investigated.

Materials and Methods

Case Report
A 27-year-old woman was admitted to the hospital (Novem-
ber 2012) in the 20th week of her pregnancy where she was
diagnosed with an acute pregnancy-onset TTP episode (one
acute phase sample available before treatment [Ac]). Clinical
symptoms were arterial hypertension and the presence of
petechiae, but no neurological symptoms. Standard
laboratory analysis revealed thrombocytopenia (5 � 109

platelets/L), hemolytic anemia (hemoglobin 7.0 g/dL) with
presence of schistocytes (7–10/1,000 red blood cells), and
increased lactate dehydrogenase levels (454 U/L). The direct
Coombs test was negative. Due to severe intrauterine growth
restriction of the fetus, her pregnancy was terminated.
Therapeutic plasma exchange (PEx) was given in combina-
tionwith corticosteroids and platelet count normalized after
6 days. MRI of the brain showed old ischemic lesions in both
cerebral hemispheres, probably from an ischemic event
7months earlier. At that time, she also had amissed abortion,
making pregnancy termination necessary. PEx was restarted
for 7 consecutive days after an interval of 2 days because of
recurrent thrombocytopenia. In December 2012, PEx was
reinitiated again, but was rapidly stopped following diag-
nosis of Escherichia coli–induced sepsis. From that moment,
she has been in remission (two remission samples available:
February 2013, sample remission 1 [R1] and October 2014,
sample remission 2 [R2]). ADAMTS13was fully characterized
both in plasma and on a molecular level to determine the
cause of this pregnancy-onset TTP episode (see results). The
patient gave informed consent according to the Declaration
of Helsinki. The parents and other family members were
unavailable for the study.

ADAMTS13 Activity
ADAMTS13 activity levels of the patient plasma samples and
recombinant human ADAMTS13 proteins (rhADAMTS13)
were measured using the FRETS-VWF73 substrate (Peptides
International, Louisville, Kentucky, United States) with nor-
mal human plasma pool (NHP; 0.01, 0.02, and 0.03 µg/mL) as
a standard curve as previously described.12,13 All ADAMTS13
activities were measured in three separate experiments, and
in each experiment five different ADAMTS13 concentrations
were used.

ADAMTS13 Antigen
Plasma ADAMTS13 or rhADAMTS13 antigen levels were
determined using an in-house developed ADAMTS13 antigen
ELISA, as described before with minor modifications.14,15

Briefly, the in-house developed anti-ADAMTS13 antibody
3H9 (5 µg/mL) was coated and patient plasma (15 V%), non-
diluted expression medium containing rhADAMTS13, purified
rhADAMTS13, or its variants (1/250, 1/500 and 1/800 dilu-
tions) were added in a 1.5 over 2.5 dilution series. Captured
ADAMTS13 was detected using two in-house developed bio-
tinylated anti-ADAMTS13 antibodies 17G2 and 19H4 (1 µg/
mL each), followed by HRP-labeled streptavidin (Roche Diag-
nostics, Mannheim, Germany). The colorimetric reactionwas
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initiated by addition of o-phenylenediamine (OPD) and H2O2,
stopped with 4M sulfuric acid, and the absorbance was
measured at 490 nm. NHP was used as a reference and set
as 1 µg/mL.

Identification of Inhibitory Anti-ADAMTS13
Autoantibodies
An in-house developed anti-ADAMTS13 antibody ELISA was
performed to detect anti-ADAMTS13 IgG antibodies present
in the patient plasma samples. First, rhADAMTS13 (15 nM) in
phosphate buffered saline (PBS) was coated onto a 96-well
microtiter plate. After blocking (3% milk in PBS), the patient
plasma samples (diluted 1/20) were added in a half serial
dilution (0.3% milk in PBS, 1 hour, 37°C). Anti-ADAMTS13
antibodies were detected using a mixture of HRP-labeled
antihuman IgG1 (1/20,000; Sanquin Division Reagents,
Amsterdam, the Netherlands), antihuman IgG2, IgG3, and
IgG4 antibodies (1/2,000; Sanquin Division Reagents). The
colorimetric reaction was performed as described earlier.

Presence of anti-ADAMTS13 autoantibodies was also
analyzed through sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) and Western blot as pre-
viously described with minor modifications.16 Briefly, rhA-
DAMTS13 (2 µg) was loaded and a 7.5% SDS-PAGE was
performed. Samples were transferred to a Roti-polyvinyli-
dene fluoride membrane (Carl Roth GmbH, Karlsruhe,
Germany). After blocking with 5%milk in Tris buffered saline
(TBS), the membrane was incubated with different plasma
samples (diluted 1/100) in 5% milk in TBS and 0.05% Tween-
20. The previously described recombinant human anti-
ADAMTS13 antibody II-1 was used as a positive control.17,18

Bound antibodies were detected with a mixture of
HRP-labeled goat antihuman IgA (Abcam, Cambridge, UK;
diluted 1/10,000 in 0.3% milk in TBS) and rabbit antihuman
IgG and IgM antibodies (Jackson ImmunoResearch, Suffolk,
UK; diluted 1/10,000 in 0.3% milk in TBS). Finally, the
membrane was incubated for 5 minutes with 2 mL of the
SuperSignal West Pico Chemiluminescent Substrate kit
(Acros Organics, Geel, Belgium) and bands were visualized
with a Fujifilm LAS-4000 device (Fujifilm, Tokyo, Japan).

The presence of inhibitory anti-ADAMTS13 autoantibo-
dieswas determined using amixing experiment as described
previously.19,20 Briefly, patient plasma samples were heat
inactivated (1 hour, 56°C) to inhibit residual ADAMTS13
activity, and next incubated with NHP (containing active
ADAMTS13, 50 V%) for 2 hours at room temperature. Finally,
the mixed plasma samples were analyzed for their residual
ADAMTS13 activity using the FRETS-VWF73 substrate.19,20

Identification of Substitutions in ADAMTS13
Genomic DNAwas extracted from peripheral leukocytes using
the salting out procedure as described.21 All 29 exons and
exon–intron boundaries of ADAMTS13were amplified by poly-
merase chain reaction (PCR) as described before with primers
as described elsewhere,13,22,23 and the sequence of each pro-
duct was determined (GATC Biotech AG, Konstanz, Germany).

To determine whether polymorphisms and mutations are
located on the same allele, exons 21 till 25 of ADAMTS13were

amplified with the help of the Elongase Enzyme mix (Invi-
trogen, Carlsbad, California, United States). Next, fragments
were ligated in TOPO vectors according to the TOPO XL PCR
cloning kit (Invitrogen). After transformation, plasmid DNA
was extracted with the Qiaprep Spin Miniprep Kit (Qiagen,
Venlo, the Netherlands) and sent for sequencing.

Expression of Wild Type (WT), p.A900V, p.R1177Q,
and p.A900V/R1177Q ADAMTS13
The QuickChange XL Site-Directed Mutagenesis kit (Strata-
gene, La Jolla, California, United States) was used to introduce
the identified substitutions c.2699C > T (p.A900V), c.3530G
> A (p.R1177Q), and c.2699C > T/c.3530G > A (p.A900V/p.
R1177Q) in the pcDNA6.1-ADAMTS13-WT expression vector
containing a C-terminal V5 andHis-tag.13After sequencing the
constructs (GATC Biotech AG), the Qiagen Plasmid Mega Kit
(Qiagen) was used to produce sufficient amounts of the four
different plasmids (pcDNA6.1-ADAMTS13-WT, pcDNA6.1-
ADAMTS13-p.A900V, pcDNA6.1-ADAMTS13-p.R1177Q, and
pcDNA6.1-ADAMTS13-p.A900V/p.R1177Q).

Theeffect of themutationsonADAMTS13expression levels
was studied by transient transfection of the four different
plasmids in Chinese Hamster Ovary (CHO) cells together with
a GFP expression plasmid (pmaxGFP, Lonza, San Diego, Cali-
fornia,UnitedStates) tocorrect for transfectionefficiency.13,24

Plasmids were transfected under homozygous (pcDNA6.1-
ADAMTS13-WT, pcDNA6.1-ADAMTS13-p.A900V, pcDNA6.1-
ADAMTS13-p.R1177Q, pcDNA6.1-ADAMTS13-p.A900V/p.
R1177Q) or heterozygous (pcDNA6.1-ADAMTS13-p.A900V
þ pcDNA6.1-ADAMTS13-p.R1177Q) conditions. Briefly, CHO
cells were grown in Kaighn’s modification of Ham’s F-12
medium (F-12K, ATCC, Molsheim, France) with 10% FCS
and 1% Antibiotic-Antimycotic (Invitrogen) until 60 to 80%
confluency. JetPRIME Polyplus transfection reagent (VWR
International, Radnor, Pennsylvania, United States) was used
to transfect cellswith a total of 4 µgplasmidDNA (homozygous
pcDNA6.1-ADAMTS13-WT/pmaxGFP, pcDNA6.1-ADAMTS13-p.
A900V/ pmaxGFP, pcDNA6.1-ADAMTS13-p.R1177Q/ pmaxGFP,
and pcDNA6.1-ADAMTS13-p.A900V/p.R1177Q/ pmaxGFP:
3.6 µg/0.4 µg or heterozygous pcDNA6.1-ADAMTS13-p.
A900V/pcDNA6.1-ADAMTS13-p.R1177Q/pmaxGFP: 1.8 µg/
1.8 µg/0.4 µg). To determine transfection efficiency, GFP ex-
pressing cells were visualized with a Nikon eclipse TE200
inverted fluorescence microscope (Nikon Instruments, Mel-
ville, New York, United States) after 24 hours. Three pictures of
each condition were taken, and transfection efficiency was
defined as the percentage of fluorescent cells present. Next,
expression medium was harvested to determine the
ADAMTS13 expression levels, as described above.

Stable cell lines were also generated to produce sufficient
amounts of ADAMTS13-WT, ADAMTS13-p.A900V, ADAMTS13-
p.R1177Q, and ADAMTS13-p.A900V/p.R1177Q. Human em-
bryonic kidney (HEK) 293T cells were stably transfected
with the four different plasmid DNA constructs (pcDNA6.1-
ADAMTS13-WT, pcDNA6.1-ADAMTS13-p.A900V, pcDNA6.1-
ADAMTS13-p.R1177Q, and pcDNA6.1-ADAMTS13-p.A900V/p.
R1177Q) using JetPRIME Polyplus transfection reagent. Cells
were selected on Blasticidin (Invitrogen). The stable cells were
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cultured for 3 days after which the mediumwas harvested and
centrifuged to remove cell debris (20minutes, 10,000 rpm, 4°C).

Purification of rhADAMTS13 and Its Variants
rhADAMTS13 and its variants were purified using Zn2þ

affinity chromatography on an ÄKTA device (GE Healthcare,
Waukesha, Wisconsin, United States). First, expression med-
iumwas added to a 4MAultrafiltration hollowfiber cartridge
(GE, Healthcare) to concentrate and dialyze the conditioned
medium against the appropriate binding buffer (20 mM
imidazole, 20 mM NaH2PO4.H2O, 500 mM NaCl, pH 7.4).
After loading the sample on the Zn2þ coupled HisTrap HP
column (GE Healthcare), an imidazole containing buffer (500
mM imidazole, 20 mM NaH2PO4.H2O, 500 mM NaCl, pH 7.4)
was used for elution. Positive fractions were pooled and
dialyzed againstHEPES-buffered saline (50mMHEPES, 5mM
CaCl2.2H2O, 1 μMZnCl2, 150mMNaCl). Concentrations were
determined in the ADAMTS13 antigen ELISA as described
above.

Exposure of a Cryptic Epitope in rhADAMTS13
To study whether the polymorphism and the mutation re-
sulted in exposure of a cryptic epitope in ADAMTS13, 96-well
microtiter plates were coated with the monoclonal mouse
anti-human ADAMTS13 antibody 6A6 (5 µg/mL), which re-
cognizes a cryptic epitope in the metalloprotease domain of
ADAMTS13.25 Recombinant proteins (100 nM; WT, p.A900V,
p.R1177Q and p.A900V/p.R1177Q) were added in a 1 over 2
dilution series. Bound protein was detected with HRP-labeled
anti-V5 antibodies. The colorimetric reaction was performed
as described above. MDTCS (ADAMTS13 without T2 till CUB
domains, and with the cryptic epitope in the metalloprotease
domain exposed25) was used as a positive control.

Statistical Analysis
All data are presented as mean � standard deviation.
GraphPad Prism v5.03 software (GraphPad Software, San
Diego, California, United States) was used for statistical
analysis through Kruskal–Wallis tests for comparison of
WT with the other groups. A p-value of <0.05 was con-
sidered significant.

Results

ADAMTS13-Related Parameters in Acute and
Remission Samples
First, we wanted to unequivocally assess whether the preg-
nancy-onset TTP was related to an immune-mediated or a
congenital deficiency in ADAMTS13.We therefore determined
ADAMTS13 activity and antigen levels, presence of anti-
ADAMTS13 antibodies, and presence of mutations and/or
SNPs in the ADAMTS13 gene. During the acute phase,
ADAMTS13 activity levels were severely decreased (0.78 �
0.30%; ►Fig. 1A, Ac), which was in line with the detection of
low ADAMTS13 antigen levels (0.27 � 0.06 µg/mL; ►Fig. 1B,
Ac). Anti-ADAMTS13 autoantibodies were detected in the
plasma of the patient during the acute phase, using both ELISA
and Western blot (►Fig. 1C, D, Ac) leading to an initial

diagnosis of immune-mediated TTP. In addition, the mixing
experiment showed that the patients’ plasma contained in-
hibitory anti-ADAMTS13 autoantibodies, since ADAMTS13
activity from NHP could be inhibited by addition of heat
inactivated acute phase plasma from the patient (►Fig. 1E,
Ac). As expected, during remission, ADAMTS13 activity
(►Fig. 1A, R1 and R2) and antigen (►Fig. 1B, R1 and R2)
increased and anti-ADAMTS13 autoantibodies disappeared
(►Fig. 1C, D, R1 and R2).

The limited increase in ADAMTS13 activity (15.64 � 2.92%
and 19.33 � 3.05% for R1 and R2, respectively; ►Fig. 1A) as
comparedwith thelarger increase inADAMTS13antigen levels
(R1: 0.58 � 0.06 µg/mL; R2: 0.59 � 0.13 µg/mL; ►Fig. 1B),
couldnotbeexplainedby thepresenceofdetectable inhibitory
anti-ADAMTS13 autoantibodies during remission (►Fig. 1E).
Indeed, mixing experiments showed that ADAMTS13 activity
from NHP was no longer inhibited by addition of heat
inactivated remission phase plasma from the patient
(►Fig. 1E, R1 and R2). We hypothesized that genetic abnorm-
alities could account for this discrepancy between ADAMTS13
activity and antigen. To investigate this, all 29 exons
and exon–intron boundaries of the ADAMTS13 gene were
sequenced. We identified one SNP and one novel mutation on
the same allele. The SNP c.2699C > T was located in the
T5 domain, which resulted in a substitution from an ala-
nine to a valine at position 900 (p.A900V, ►Fig. 1F). The
novel mutation c.3530G > A, located in the third linker
region of ADAMTS13 between the T8 and CUB1 domain,25

changed an arginine into a glutamine at position 1177
(p.R1177Q, ►Fig. 1F).

The Novel Mutation p.R1177Q Reduces ADAMTS13
Activity and Has No Effect on Secretion and
Conformation
Since mutations as well as SNPs can influence ADAMTS13
secretion and/or activity,6 the presence of p.A900V and p.
R1177Q might explain the subnormal ADAMTS13 activity
observed in the patient plasma during remission (►Fig. 1A).
To investigate this, we expressed the p.A900V and p.R1177Q
ADAMTS13 variants and studied their effect on ADAMTS13
secretion and activity.

Thep.A900VSNPandp.R1177Qmutationswere introduced
in the pcDNA6.1-ADAMTS13-WT plasmid, both individually
and together by mutagenesis. After transient transfection of
CHO cells, we checked whether the substitutions (p.A900V,
p.R1177Q, and p.A900V/p.R1177Q) had an influence on
ADAMTS13 secretion. Transfection efficiencies were compar-
able (mean between 19 and 26%, p ¼ not significant) for all
conditions (data not shown) and expression levels did not
differ (►Fig. 2A), showing that the p.A900V and p.R1177Q
substitutions did not induce a secretion defect. Generation
of stable cell lines allowed purification of WT, p.A900V,
p.R1177Q, and p.A900V/p.R1177Q ADAMTS13 proteins
to test their activity using the FRETS-VWF73 assay. The
p.A900V SNP had no effect on ADAMTS13 activity. However,
ADAMTS13 activity was decreased by 36% due to the single p.
R1177Qmutation (p ¼ 0.0005;►Fig. 2B) andby26%due to the
double p.A900V/p.R1177Q mutations (p ¼ 0.0283; ►Fig. 2B).
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In addition, since the mutation p.R1177Q is located in the
third linker region (►Fig. 1F), this mutation could influence
ADAMTS13 conformation.25 Indeed,we recently showed that
changes in the linker regions in ADAMTS13 expose a cryptic
epitope in the metalloprotease domain.25 Therefore, we
tested whether the p.A900V SNP or the p.R1177Q mutation
could expose the cryptic epitope in the metalloprotease

domain, which is shielded by the T2-CUB2 domains in WT
ADAMTS13 (►Fig. 2C). The cryptic epitope in the metallo-
protease domain is recognized by antibody 6A6 and is
accessible in the MDTCS variant but not in WT ADAMTS13
(►Fig. 2C).25 Neither the p.A900V SNP nor the p.R1177Q
mutation induced an exposure of the cryptic epitope for 6A6
(►Fig. 2D). In contrast, 6A6 readily bound to MDTCSwith its

Fig. 1 ADAMTS13 activity, antigen, anti-ADAMTS13 autoantibodies and gene analysis from the TTP patient. Patient plasma samples of acute
(Ac) and remission phases (one plasma sample just after the acute episode [remission 1, R1] and one plasma sample almost 2 years after
achieving complete remission [remission 2, R2]) were analyzed. (A) ADAMTS13 activity was measured using the FRETS-VWF73 assay. NHP was
used as a reference and set as 100% ADAMTS13 activity. Below 10% (dotted line) indicates severely decreased activity (n ¼ 3). (B) Plasma
ADAMTS13 antigen levels were measured using ELISA. NHP was used as a reference and set as 1 µg/mL (n ¼ 3). (C) Anti-ADAMTS13
autoantibodies were detected by adding plasma to wells coated with rhADAMTS13. The dotted line indicates the background (n ¼ 1).
(D) Western blot was also used to detect anti-ADAMTS13 autoantibodies. rhADAMTS13 was loaded onto an SDS-polyacrylamide gel. After
transfer, the membrane containing rhADAMTS13 was incubated with plasma samples, or purified human anti-ADAMTS13 antibody II-1 as a
positive control. (E) A mixing experiment was performed to detect inhibitory anti-ADAMTS13 autoantibodies in plasma from the patient.
Heat-inactivated patient plasma was added to fresh NHP (50 V%) and residual ADAMTS13 activity was determined using the FRETS-VWF73 assay
(n ¼ 3). (F) Representation of the domain structure of ADAMTS13 with the metalloprotease domain (M), disintegrin-like domain (D), a first
thrombospondin type 1 repeat (T1), cysteine-rich domain (C), spacer domain (S), seven additional T domains (T2-T8), and 2 CUB domains.
The three flexible linker regions are indicated by L1, L2, and L3. The SNP c.2699C > T (p.A900V) is located in the beginning of the T5 domain,
while the mutation c.3530G > A (p.R1177Q) is located in the third linker region between T8 and CUB1 domains. The sequence chromatograms
are shown below the ADAMTS13 domain structure and show the DNA sequence of the SNP and the mutation and their heterozygous nature.
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exposed 6A6 cryptic epitope (►Fig. 2C, D). In conclusion, the
mutation p.R1177Q decreases ADAMTS13 activity and can
therefore partially explain subnormal ADAMTS13 activity
levels during remission, while ADAMTS13 secretion and
conformation are not influenced by the SNP p.A900V and/or
mutation p.R1177Q.

Discussion

We investigated a case of pregnancy-onset TTP using both
the plasma of the patient and recombinant proteins to
unequivocally determine the diagnosis of immune-mediated
or congenital TTP. Correct diagnosis is crucial because ther-
apeutic decisions are based on this.11During the acute phase,
an ADAMTS13 activity level below 10% was found in the
patients’ plasma (►Fig. 1A) and could be ascribed to the
presence of inhibitory anti-ADAMTS13 autoantibodies
(►Fig. 1E), resulting in the clear diagnosis of immune-
mediated pregnancy-onset TTP.

Surprisingly, however, upon remission, the patient still
had subnormal ADAMTS13 activity levels (15–20%) despite
normal ADAMTS13 antigen levels (� 60%). This observation
could not be explained by the presence of inhibitory anti-
ADAMTS13 autoantibodies (►Fig. 1C–1E). Genetic analysis
revealed that one allele contained a heterozygous SNP
c.2699C > T (p.A900V), located in the beginning of the
T5 domain and a heterozygous mutation c.3530G > A
(p.R1177Q) located in the third linker region of ADAMTS13
(►Fig. 1F). The p.A900V SNP is a common SNP found in
approximately 8% of the normal population and in several
TTP patients,5,6 including cases of pregnancy-onset
TTP.9,11,26 A neutral effect of this SNP was predicted, as
this valine is present in C57BL/6J mice.27 Indeed, our present
findings as well as the study of Edwards et al28 show that the
p.A900V SNP does not affect ADAMTS13 secretion or
ADAMTS13 activity.

The p.R1177Q mutation, on the other hand, has not been
described before and has an allele frequency of < 0.01

Fig. 2 No effect on ADAMTS13 secretion and conformation, but decreased ADAMS13 activity by p.R1177Q mutation. (A) CHO cells
were transiently transfected with plasmids pcDNA6.1-ADAMTS13-WT, pcDNA6.1-ADAMTS13-p.A900V, pcDNA6.1-ADAMTS13-p.R1177Q,
pcDNA6.1-ADAMTS13-p.A900V/p.R1177Q or pcDNA6.1-ADAMTS13-p.A900V þ pcDNA6.1-ADAMTS13-p.R1177Q, and a pmaxGFP plasmid to
determine transfection efficiency. ADAMTS13 antigen levels in the expression medium were determined through ELISA. NHP was used as a
reference and set as 1 µg/mL. Kruskal–Wallis compared with WT (n ¼ 3). (B) A FRETS-VWF73 assay was performed to determine activity of WT
and p.A900V, p.R1177Q, and p.A900V/R1177Q ADAMTS13 variants. Kruskal–Wallis compared with WT, �p ¼ 0.0283, ��p ¼ 0.0005 (n ¼ 9–14).
(C) The cryptic epitope of antibody 6A6 in the metalloprotease domain of ADAMTS13 is accessible in the truncated ADAMTS13 variant MDTCS
(ADAMTS13 without T2 till CUB domains; left), but not in full length ADAMTS13 (right). (D) Conformation of ADAMTS13 variants was studied by
adding WT, p.A900V, p.R1177Q, and p.A900V/p.R1177Q ADAMTS13 (6.25nM) to coated 6A6. MDTCS was used as a positive control. Kruskal–
Wallis compared with WT, p < 0.05 (n ¼ 3).
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according to the Ensembl database (www.ensembl.org). This
mutation did not affect ADAMTS13 secretion, but had a
negative effect on ADAMTS13 activity. The heterozygous
nature of the patients’ p.A900V/p.R1177Q would, however,
predict at least 50% ADAMTS13 activity. However, during
remission, ADAMTS13 activity is significantly less than what
would be expected from the circulating antigen. Whether
undetectable (inhibitory) anti-ADAMTS13 autoantibodies
are still present during remission (►Fig. 1C–E), or whether
other factors are involved, remains to be determined. The
mutation p.R1177Q is situated in the third linker region
between the T8 and CUB1 domain and can make us learn
more about the mode of action of ADAMTS13, as we pre-
viously showed that the third linker region allows for flex-
ibility in ADAMTS13 which can lead to exposure of a cryptic
epitope in the metalloprotease domain of ADAMTS13
(►Fig. 2C). However, the change of R1177 to Q did not induce
such a conformational change in ADAMTS13 (►Fig. 2D).

Our patient is the fourth reported case of immune-
mediated TTP where besides anti-ADAMTS13 antibodies,
heterozygous mutations were also identified. In the three
patients previously reported by Camilleri et al, the hetero-
zygous R1060Wmutationwas detected, which affects secre-
tion but not activity, although anti-ADAMTS13 antibodies
were the root cause of the TTP episode.9 Also in our case of
pregnancy-onset TTP, the development of anti-ADAMTS13
autoantibodies led to a significant reduction of ADAMTS13
activity allowing precipitation of the disease. Hence, screen-
ing for the presence of anti-ADAMTS13 antibodies is, as
already known, needed to differentiate between the diag-
noses of congenital or immune-mediated TTP. Additional
genetic analysis can add value by confirming this diagnosis
and could reveal interesting novel substitutions. Those sub-
stitutions can give insight into the possible ADAMTS13
deficiencies during remission or can make us learn more
about the mode of action of ADAMTS13.

In conclusion, we described a case of pregnancy-onset
immune-mediated TTP accompanied with substitutions
(p.A900V and p.R1177Q) in ADAMTS13, which do not influ-
ence ADAMTS13 secretion or conformation and can only
partially explain the subnormal ADAMTS13 activity levels
during remission.

Authors’ Contributions
E.R. designed and performed experiments, analyzed and
interpreted the data, and wrote the manuscript; C.T.
designed the experiments, provided in-depth discussions,
and critically reviewed the manuscript; R.D. performed
experiments and analyzed the data; A.-S.S. designed the
ADAMTS13 antibody ELISA and critically reviewed the
manuscript; L.D. developed the antibody 6A6. I.P., A.V.,
and N.V. performed experiments and provided excellent
technical assistance; D.D. provided the patient plasma
samples, wrote the case history section, and critically
reviewed the manuscript; J.V. provided the antibody
II-1 and critically reviewed the manuscript; H.D. and
S.F.D.M. provided helpful discussions and critically
reviewed the manuscript; K.V. designed the experiments,

interpreted the data, wrote the manuscript, and provided
funding.

Conflict of Interest
None declared.

References
1 Moake JL, Rudy CK, Troll JH, et al. Unusually large plasma factor

VIII:vonWillebrand factor multimers in chronic relapsing throm-
botic thrombocytopenic purpura. N Engl J Med 1982;307(23):
1432–1435

2 Zheng X, Chung D, Takayama TK, Majerus EM, Sadler JE,
Fujikawa K. Structure of von Willebrand factor-cleaving pro-
tease (ADAMTS13), a metalloprotease involved in thrombo-
tic thrombocytopenic purpura. J Biol Chem 2001;276(44):
41059–41063

3 Schaller M, Studt JD, Voorberg J, Kremer Hovinga JA. Acquired
thrombotic thrombocytopenic purpura. Development of an auto-
immune response. Hamostaseologie 2013;33(02):121–130

4 Tsai H-M, Lian EC. Antibodies to von Willebrand factor-cleaving
protease in acute thrombotic thrombocytopenic purpura. N Engl J
Med 1998;339(22):1585–1594

5 Levy GG, Nichols WC, Lian EC, et al. Mutations in a member of the
ADAMTS gene family cause thrombotic thrombocytopenic pur-
pura. Nature 2001;413(6855):488–494

6 Kokame K, Matsumoto M, Soejima K, et al. Mutations and com-
mon polymorphisms in ADAMTS13 gene responsible for von
Willebrand factor-cleaving protease activity. Proc Natl Acad
Sci U S A 2002;99(18):11902–11907

7 Ferrari B, Cairo A, Pontiggia S, Mancini I, Masini L, Peyvandi F.
Congenital and acquired ADAMTS13 deficiency: two mechan-
isms, one patient. J Clin Apher 2015;30(04):252–256

8 Ogawa Y,MatsumotoM, Sadakata H, et al. A unique case involving
a female patient with Upshaw-Schulman syndrome: low titers of
antibodies against ADAMTS13 prior to pregnancy disappeared
after successful delivery. Transfus Med Hemother 2015;42(01):
59–63

9 Camilleri RS, Cohen H, Mackie IJ, et al. Prevalence of the ADAMTS-
13 missense mutation R1060W in late onset adult thrombotic
thrombocytopenic purpura. J Thromb Haemost 2008;6(02):
331–338

10 Studt JD, Kremer Hovinga JA, Radonic R, et al. Familial
acquired thrombotic thrombocytopenic purpura: ADAMTS13 in-
hibitory autoantibodies in identical twins. Blood 2004;103(11):
4195–4197

11 Moatti-CohenM, Garrec C, Wolf M, et al; French Reference Center
for Thrombotic Microangiopathies. Unexpected frequency of
Upshaw-Schulman syndrome in pregnancy-onset thrombotic
thrombocytopenic purpura. Blood 2012;119(24):5888–5897

12 Kokame K, Nobe Y, Kokubo Y, Okayama A, Miyata T. FRETS-
VWF73, a first fluorogenic substrate for ADAMTS13 assay. Br J
Haematol 2005;129(01):93–100

13 De Cock E, Hermans C, De Raeymaecker J, et al. The novel
ADAMTS13-p.D187H mutation impairs ADAMTS13 activity and
secretion and contributes to thrombotic thrombocytopenic pur-
pura in mice. J Thromb Haemost 2015;13(02):283–292

14 Feys HB, Liu F, Dong N, et al. ADAMTS-13 plasma level determina-
tion uncovers antigen absence in acquired thrombotic thrombo-
cytopenic purpura and ethnic differences. J Thromb Haemost
2006;4(05):955–962

15 Alwan F, Vendramin C, Vanhoorelbeke K, et al. Presenting
ADAMTS13 antibody and antigen levels predict prognosis in
immune-mediated thrombotic thrombocytopenic purpura.
Blood 2017;130(04):466–471

16 Peyvandi F, Lavoretano S, Palla R, et al. ADAMTS13 and anti-
ADAMTS13 antibodies as markers for recurrence of acquired

TH Open Vol. 2 No. 1/2018

Pregnancy-Onset Immune-Mediated TTP with Substitutions in ADAMTS13 Roose et al.e14

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

http://www.ensembl.org


thrombotic thrombocytopenic purpura during remission. Hae-
matologica 2008;93(02):232–239

17 Pos W, Crawley JT, Fijnheer R, Voorberg J, Lane DA, Luken BM. An
autoantibody epitope comprising residues R660, Y661, and Y665
in the ADAMTS13 spacer domain identifies a binding site for the
A2 domain of VWF. Blood 2010;115(08):1640–1649

18 Pos W, Sorvillo N, Fijnheer R, et al. Residues Arg568 and Phe592
contribute to an antigenic surface for anti-ADAMTS13 antibodies
in the spacer domain. Haematologica 2011;96(11):1670–1677

19 Mancini I, Valsecchi C, Palla R, Lotta LA, Peyvandi F. Measurement
of anti-ADAMTS13 neutralizing autoantibodies: a comparison
between CBA and FRET assays. J Thromb Haemost 2012;10(07):
1439–1442

20 Feys HB, Vandeputte N, Palla R, et al. Inactivation of ADAMTS13 by
plasmin as a potential cause of thrombotic thrombocytopenic
purpura. J Thromb Haemost 2010;8(09):2053–2062

21 Miller SA, Dykes DD, Polesky HF. A simple salting out procedure
for extracting DNA from human nucleated cells. Nucleic Acids Res
1988;16(03):1215

22 Feys HB, Pareyn I, Vancraenenbroeck R, et al. Mutation of the H-
bond acceptor S119 in the ADAMTS13 metalloprotease domain
reduces secretion and substrate turnover in a patient with con-

genital thrombotic thrombocytopenic purpura. Blood 2009;114
(21):4749–4752

23 Kokame K, Miyata T. Genetic defects leading to hereditary
thrombotic thrombocytopenic purpura. Semin Hematol 2004;
41(01):34–40

24 Plaimauer B, Fuhrmann J, Mohr G, et al. Modulation of ADAMTS13
secretion and specific activity by a combination of common
amino acid polymorphisms and a missense mutation. Blood
2006;107(01):118–125

25 Deforche L, Roose E, Vandenbulcke A, et al. Linker regions and
flexibility around the metalloprotease domain account for con-
formational activation of ADAMTS-13. J Thromb Haemost 2015;
13(11):2063–2075

26 Camilleri RS, Scully M, Thomas M, et al. A phenotype-genotype
correlation of ADAMTS13 mutations in congenital thrombotic
thrombocytopenic purpura patients treated in the United King-
dom. J Thromb Haemost 2012;10(09):1792–1801

27 Tseng SC, Kimchi-Sarfaty C. SNPs in ADAMTS13. Pharmacoge-
nomics 2011;12(08):1147–1160

28 Edwards NC, Hing ZA, Perry A, et al. Characterization of coding
synonymous and non-synonymous variants in ADAMTS13 using
ex vivo and in silico approaches. PLoS One 2012;7(06):e38864

TH Open Vol. 2 No. 1/2018

Pregnancy-Onset Immune-Mediated TTP with Substitutions in ADAMTS13 Roose et al. e15

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


