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A B S T R A C T

A young Indian female visited hospital as a suspected case of thrombotic thrombocytopenic purpura (TTP) with
relapsed thrombotic complications with low platelet counts, infarct in middle cerebral artery and thrombi in
microvessels. We first confirmed the deficiency of ADAMTS13 metalloprotease in this patient showing improper
cleavage of vWF multimers by her plasma unlike her parents and brother. Although patient had very less
ADAMTS13 antigen in plasma, but it did not appear to be the cause of deficiency of the enzyme, because her
father had similarly low antigen level and he never had prothrombotic complications. While investigating the
genetic change in ADAMTS13, we observed four homozygous-SNPs (g.420T>C, g.1342C>G, g.1716G>A
and g.2280T>C) in exon 5, 12, 15 and 19 respectively in patient and her father unlike the heterozygous form of
same SNPs in mother and brother. Further to investigate the cause of ADAMTS13 deficiency, we observed an
elevated level of antibody against ADAMTS13 in patient unlike her father and other family members. Our study
therefore provides the molecular approach of diagnosis of TTP in this patient and also highlights the use of such
techniques in India. More importantly, study provides the clue of alternate treatment such as im-
munosuppressant therapy to this patient.

1. Introduction

Thrombotic thrombocytopenic purpura (TTP) is a life-threatening
occlusive disorder characterized by the widespread microvascular pla-
telet-rich thrombi. Although a rare disease, TTP has been a subject of
interest among clinicians and researchers owing to its complex patho-
physiology and fatal nature in the absence of rapid and aggressive
treatment. Lack in the capacity to cleave ultra-large (UL) von
Willebrand factor (vWF), which is produced mainly by endothelial cells
and partly by platelets, into smaller circulating forms has been attrib-
uted to be the underlying cause of TTP development [1]. vWF is the
largest (260 kDa monomer) adhesion protein, exists in blood as dimer
or multimers, and is normally responsible for bleeding arrest at the site
of vessel injury by initiating platelet adhesion to the subendothelium
[2,3]. The 13th member of ADAMTS (A Disintegrin And Metallopro-
tease with ThromboSpondin type I repeats) family, ADAMTS13, cleaves
the highly adhesive UL vWF multimers into a series of smaller less
adhesive multimers. The deficiency in ADAMTS13 metalloprotease in
plasma results in the persistence of UL vWF multimers on endothelial
cells [4,5] and in circulating blood [1] predisposing towards unusual

platelet aggregation and disseminated vWF/platelet rich thrombus
formation [6], the characteristic feature of TTP.

The deficiency in ADAMTS13 enzyme activity can be either due to
the presence of autoantibodies against ADAMTS13, manifested as ac-
quired or immune-mediated TTP (iTTP) or because of the mutations in
ADAMTS13 gene, known as hereditary or congenital TTP (cTTP).
Autoantibodies present in patients with acquired TTP can be either IgG
or IgM and ranges from 30 to 83% neutralizing either enzyme activity
or accelerating its clearance [7]. Almost all patients with iTTP have
anti-ADAMTS13 autoantibodies with an epitope in the spacer domain of
the enzyme [8]. In cTTP, heterozygous or homozygous mutations are
associated with severe ADAMTS13 deficiency. More than 150 different
mutations including missense (~62%), nonsense (~12.5%), splice site
(~8%) and frameshift deletions or insertions (~17.5%) have been
identified in ADAMTS13 gene showing association with TTP patho-
physiology [8,9].

TTP is a rare disorder, an estimated 11 cases among million are
reported annually in USA. Mostly (about 75%) the iTTP patients are
women and 44% of them are of African origin [10]. However, above
such epidemiology reports on TTP is not available in India. Although
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very few reports suggested the deficiency of ADAMTS13 in Indian pa-
tients, but a detail molecular insight into disease pathogenesis is
missing [11,12]. In an effort to understand the molecular mechanism of
iTTP, we report in this study the detail of the pathogenesis of the dis-
ease in a 21-year-old female patient suffering from suspected TTP with
relapsed thrombotic complications. Although the patient carried four
known homozygous-SNPs (g.420T>C, g.1342C>G, g.1716G>A
and g.2280T>C) in ADAMTS13 gene like her healthy father but the
presence of elevated autoantibody against ADAMTS13 in her blood
appeared to be the cause of inactivation of this protease in developing
TTP pathophysiology.

2. Materials and methods

2.1. Reagents

Fluorescence labeled monoclonal anti-human antibodies such as
CD62P FITC (R&D systems, Minneapolis), PAC1 FITC, annexin V FITC,
CD41a PE, CD66b-Percp-cy5.5, CD41 FITC, CD14 FITC, CD16-APC-cy7
(BD Biosciences, San Jose, USA) were used. ADP and ristocetin for
platelet aggregation were purchased from BIO/DATA Corporation
(Horsham, USA). ELISA kits for determination of ADAMTS13 antigen (R
&D Systems, Minneapolis, USA) and autoantibody (Biomedica
Diagnostics, Stamford, USA) were purchased.

2.2. Human subjects

The study was approved from the Institutional Ethics Committee for
Human Research of All India Institute of Medical Sciences (AIIMS), New
Delhi (Reference No. IEC-643/03.11.2017, RP-30/2017) and Regional
Centre for Biotechnology (RCB, Reference No. RCB-IEC-H-13). Blood
samples (6–8ml) were collected in vacutainers containing anti-coagu-
lant acid citrate-dextrose (ACD) from a patient with suspected TTP and
from her both parents and brother at Department of Hematology,
AIIMS. Healthy controls (n=3) for the study were recruited at RCB.
Informed consent was provided according to the recommendations of
the declaration of Helsinki.

2.3. Preparation of platelet rich plasma (PRP) and platelet aggregation

Whole blood was centrifuged at 500 rpm for 15min to isolate PRP.
Platelet aggregation was measured using agonists such as ADP and
ristocetin ex vivo using a PAP-8 Platelet Aggregation System from BIO/
DATA Corporation. ADP (20 μM) and ristocetin (1.25mg/ml) were used
for aggregation assay.

2.4. Flow cytometry analysis of platelet activation

Platelets from PRP were labeled with FITC conjugated anti-P-se-
lectin and PAC-1 antibody, and annexin V and platelet activation
markers were assessed using flow cytometry using BD FACS-Verse in-
strument as mentioned [13]. For measurement of plasma microparticles
(MPs), platelet free plasma was obtained by centrifuging plasma at
5000 rpm for 15min. Platelet free plasma was incubated with anti-
CD41 PE antibody in filtered PBS for 40min at 37 °C and platelet-de-
rived MPs were measured using flow cytometry. FlowJo software (BD)
was used for data analysis as mentioned [13].

2.5. Cleavage of vWF-platelet string under flow condition

The activity of plasma ADAMTS13 was measured using an assay
system where the enzyme cleaved vWF-platelet strings on endothelium
monolayer under flow shear condition. The human umbilical vein en-
dothelial cells (HUVECs, HiMedia, India) were grown on petri plates
coated with human collagen (STEMCELL Technologies, Canada) and
were activated with 25 μM histamine (Sigma, USA) in presence of 50 μl

plasma from either patient or controls for 3min at 37 °C before fitting
into parallel flow chamber. A syringe pump (Harvard Apparatus Inc.,
USA) was connected to the outlet port that drew washed-platelets
suspension in Tyrode HEPES buffer through the chamber at the shear
stress of 25 dyne/cm2. The flow chamber was mounted onto a Nikon
Eclipse Ti-E inverted stage microscope (Nikon, Japan) equipped with a
high-speed digital camera. Movie was recorded at magnification 40×
and analysed using NIS-Elements version 4.2 software. The length and
numbers of platelet-vWF strings on HUVECs were quantified as men-
tioned [14,15]. The washed platelet preparation and parallel flow
chamber assay detail are mentioned in our recent works [15].

2.6. ADAMTS13 gene analysis

Genotyping of all the 29 exons including the intron-exon boundaries
and promoter sequence of ADAMTS13 gene was carried out using
polymerase chain reaction (PCR) followed by DNA based sequencing.
Genomic DNA was isolated from PBMCs of patient or controls using
FlexiGene DNA kit (Qiagen, Hilden, Germany). Primers used for exon
amplification were as described somewhere else [16] and promoter
region was sequenced using the primers ADAMTS13-PF.1 (GAGACAG
GAGAGTCATTCATGC), ADAMTS13-PR.1 (CCTTGTCTTTCCACCCC
TCA), ADAMTS13-PF.2 (GCGGCTCTGTGGGTGTAAAA) and
ADAMTS13-PR.2 (GGGCCTTGCTCTAAGATGGT). The PCR products
were processed using QIAquick gel extraction kit (Qiagen) and sent for
DNA sequencing using 96 capillary high throughput sequencer; ABI
3730 XL. The sequence data were analysed using online tool MEGA 7.0
[17].

2.7. Measuring antigen and autoantibody for ADAMTS13 from plasma
using ELISA

The antigen and autoantibody levels for ADAMTS13 in plasma were
measured using commercial ELISA kits. Plasma ADAMTS13 antigen
level was measured using a sandwich ELISA Quantikine kit (R&D
Systems, USA). Plasma was added into an ELISA plate precoated with
anti-ADAMTS13 monoclonal antibody and ADAMTS13 antigen level
was detected using HRP-conjugated anti-ADAMTS13 polyclonal anti-
body as mentioned in other literatures [18–20]. Presence of
ADAMTS13 autoantibodies in plasma samples was measured using
ELISA kit (IMUBIND ADAMTS13 Autoantibody ELISA, Biomedica Di-
agnostics, Stamford USA) [21]. The ELISA plate was coated with full-
length recombinant human ADAMTS13 and IgG type autoantibodies
against ADAMTS13 were detected using HRP-labeled goat anti-human
IgG antibody. Detail manufacturer's instruction was followed.

2.8. Statistical analysis

The experimental values from at least three independent experi-
ments were presented as mean ± standard error (SEM). Statistical
analysis between control and patient sample was performed using ei-
ther unpaired t-test or one-way ANOVA with multiple comparisons.
Graph Pad Prism 7.0 software was used for data analysis and P va-
lues< 0.05 were considered to be statistically significant.

3. Results

3.1. Clinical history and TTP diagnosis

The 21 year old Indian female patient experienced three episodes of
acute focal neurological deficits from May 2015 till March 2017. First
episode in May 2015 was an acute onset with inability to speak and
difficulty in comprehension. After a moderate recovery patient devel-
oped another episode in September 2015, which was an acute onset
with right faciobrachial paresis, having low platelet count (60× 103/
μl) along with other prothrombotic complications. Third episode in
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March 2017 was an acute onset of hemiparesis and infarct in right
middle cerebral artery (MCA). Multiple small thrombi were observed in
small blood vessels and patient was suffering from severe thrombocy-
topenia (45×103/μl). Peripheral blood smear showed elevated num-
bers of schistocytes (3%), increased LDH (440), positive antinuclear
antibodies (1:160) and anemia. Patient was diagnosed with suspected
TTP and received plasma exchange in April 2017. Suppl. Table 1 shows
the clinical parameters in the patient before and after receiving the
plasma exchange.

3.2. Elevated platelet activation and aggregation in patient

To understand the molecular basis of relapsed and refractory epi-
sodes of thrombotic complications, we collected blood samples from
patient in June 2018 and performed following studies. Patient's platelet
rich plasma (PRP) showed significant platelet aggregation in response
to agonists such as ristocetin and ADP unlike her parents and brother
(Fig. 1A). Further, the surface expression of activation markers such as
P-selectin, phosphatidylserine (PS) and PAC-1 binding was elevated in
platelets of patient compared to her family members and healthy con-
trols (Fig. 1B). Elevated level of platelet-derived microparticles (MP) in
patient's plasma further supported the molecular basis for platelet ac-
tivation and related thrombotic complications in patient, unlike others
including her family members (Fig. 1C). The TTP patient also had
elevated levels of neutrophil-platelet aggregates and monocyte-platelet
aggregates (Suppl. Fig. 2).

3.3. Significant decrease in ADAMTS13 activity in patient

We measured the activity of ADAMTS13 from patient's plasma using
in vitro assay of cleaving the vWF-platelet strings on endothelium
monolayer under flow shear condition. Our data showed significantly
less cleavage of vWF-platelet strings by patient's plasma when com-
pared with plasma ADAMTS13 activity of her family members
(Fig. 2A). More numbers (Fig. 2B) as well as larger length (Fig. 2C) of
vWF-platelet strings observed in patient than others including her fa-
mily members. Study also determined the ADAMTS13 antigen level in
plasma using ELISA. A low plasma antigen level for the enzyme was
detected in patient as well as her father unlike her mother and brother

(Fig. 2D).

3.4. Patient carries SNPs of ADAMTS13

In order to investigate any genetic basis of the ADAMTS13 defi-
ciency in this patient, we identified the homozygous SNPs with nu-
cleotide substitutions 420T>C, 1342C>G, 1716G>A and
2280T>C in exon 5, 12, 15 and 19 respectively in ADAMTS13 gene of
patient as well as her father unlike the heterozygous form of same SNPs
in mother and brother (Fig. 3). Out of these four SNPs, g.1342C>G
(Q448E) is a known non-synonymous SNP and g.420T>C (A140A),
g.1716G>A (T572T) and g.2280T>C (G760G) are known synon-
ymous SNPs [16,22]. We did not find other known SNPs (NCBI re-
ference sequence: NG_011934.2) or new variants in ADAMTS13 in this
patient. Thus, above observations including antigen level and SNPs in
ADAMTS13 clearly indicated the association of some other mechanism
(s) that resulted in low activity of this enzyme in patient but not her
father.

3.5. Elevated autoantibody against ADAMTS13 in patient

In order to investigate the association of autoantibody against
ADAMTS13 with the deficiency of this enzyme in patient, we observed
significantly high level of antibody against ADAMTS13 in her plasma
unlike her father or other family members (Fig. 4), which appeared to
be the cause for this enzyme deficiency.

4. Discussion

This study reports the molecular insight into the pathogenesis of
idiopathic TTP (iTTP) with relapsed thrombotic episodes in a young
Indian woman. Also study is the very first to describe a detail molecular
basis of diagnosis of iTTP in an Indian patient, although earlier studies
have reported the similar molecular diagnosis of this rare disorder
among other ethnic populations including African and Caucasian [23].
This patient had several acute episodes of thrombotic complications
with very low platelet counts and significant platelet thrombi in mi-
crocirculations as well as infarct in right middle cerebral artery (MCA)
territory as observed through MR angio and MRI respectively. Although

Fig. 1. Platelet function: (A) Platelet aggregation: Platelet-rich plasma (PRP) from patient and others were used for platelet aggregation assay in response to agonists
such as ADP and ristocetin. Data present mean ± SEM from 3 independent experiments. One-way ANOVA with multiple comparison tests was used for analysis, for
ADP *p= 0.0234, $p= 0.0125 and ns=nonsignificant; for ristocetin *p= 0.0461, compared to control. (B) Platelet activation: Platelets were stained for measuring
P-selectin, GPIIbIIIa (PAC-1 binding) and PS (annexin V binding) using flow cytometry. Data calculated as mentioned above, for P-selectin, **p=0.0017,
$$p= 0.0015; for PAC-1 binding, ***p= 0.0003; for PS exposure, ***p < 0.0001. (C) MP generation by platelets: CD41+ MPs were measured in plasma using flow
cytometry. The gating strategy is mentioned in Suppl. Fig. 1. Data analysed using unpaired t-test, **p=0.0053.
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the patient was diagnosed as suspected case of TTP but due to the lack
of any molecular evidence no specific treatment other than plasma
transfusion was recommended. In mechanism, we observed the im-
proper cleavage of vWF multimers by patient's plasma suggesting a
clear deficiency in ADAMTS13 protease unlike her parents, brother or
healthy individuals. Although our data showed a very low antigen level
of ADAMTS13 in plasma of the patient, but it did not appear to be the
cause of deficiency of the enzyme, in other word, cause of impaired
cleavage of vWF multimer by this plasma protease, because the patient's
father also displayed similarly low antigen level of the enzyme in
plasma, and her father never had any such prothrombotic complication.
Further our investigation on the genetic basis of deficiency of the en-
zyme showed four homozygous-SNPs such as g.420T>C (A140A),
g.1342C>G (Q448E), g.1716G>A (T572T) and g.2280T>C
(G760G) in exon 5, 12, 15 and 19 respectively in ADAMTS13 gene of
the patient. The patient's father also carried the homozygous form of
same SNPs. Unfortunately, the frequency of these SNPs as well as their
association with prevalence of TTP has never been studied among In-
dian. Although several other studies have described insignificant

association of SNPs including g.1342C>G with secretion as well as
proteolytic activity of ADAMTS13 in TTP patients in other ethnic

Fig. 2. ADAMTS13 activity and antigen levels: (A) Enzyme activity was measured using assay under flow condition where plasma ADAMTS13 cleaves ULVWF-
platelets strings on histamine-activated HUVECs monolayer under shear stress of 25 dyne/cm2. Representative pictures at 40× resolution. (B) String number
(*p= 0.0118) and (C) string length (***p=0.0003) were calculated from 10 images from each of the three different experimental sets. Data presented as
mean ± SEM and unpaired t-test was used for analysis. (D) ADAMTS13 antigen levels were determined using ELISA. Data analysed using one-way ANOVA with
multiple comparisons, **p=0.0015, $$p= 0.0021.

Fig. 3. ADAMTS13 polymorphisms: (A-D) Sequence chromatograms of PCR-amplified exons showing polymorphisms in exons 12, 5, 15 and 19 in the patient, her
family members and healthy control. Arrow indicates the homozygosity/heterozygosity at indicative position. Region containing the polymorphism was repeated
twice with fresh template each time.

Fig. 4. ADAMTS13 autoantibody level was determined using ELISA kit. Data is
presented as mean ± SEM and analysed using one-way ANOVA with multiple
comparisons, ***p < 0.0001.
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populations [24,25]; another study showed that both non-synonymous
and synonymous mutations in ADAMTS13 gene can affect its expression
and functional levels [22].

In an attempt to further investigate the mechanism of ADAMTS13
deficiency in this patient, we observed an elevated level of antibody
against ADAMTS13 in patient unlike her father as well as other family
members. Therefore, our observation highlights the possibility of
change in conformation of cryptic epitope of spacer domain of the en-
zyme that carries the autoantigenic core [26,27]. The autoantibody
against ADAMTS13 might have inhibited the enzyme activity predis-
posing towards the accumulation of UL vWF and platelet-rich micro-
thrombi in microcirculations as observed in this patient. Also, it could
be that the germ-line mutations in ADAMTS13 gene have higher like-
lihood of developing autoantibodies as found in this propositus leading
to iTTP; as is well described in coagulation factor VIII deficiency where
mutations in the F8 gene have been shown to form elevated factor VIII
inhibitors [28–30]. Thus, our observations together describe the mo-
lecular way of diagnosis of TTP in this patient and also highlight the use
of such unique techniques to detect this rare disorder in India. Besides,
study also strongly suggests the clue of alternate treatment such as
immunosuppressant drug therapy to this patient other than regular
plasmapheresis.
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