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ABSTRACT 

 
Thrombotic thrombocytopenic purpura (TTP) is a potentially fatal thrombotic microangiopathic 

disorder that can occur secondary to human immunodeficiency virus (HIV) infection and is prevalent 

in sub-Saharan Africa. The pathogenesis involves deficiency of the von Willebrand factor (VWF) 

cleaving protease ADAMTS13 and the presence of anti-ADAMTS13 autoantibodies. Insufficient 

information is however available regarding epitope specificity and reactivity of the ADAMTS13 

autoantibodies present in HIV-associated TTP. In this study, epitope-mapping analysis was 

performed to provide novel insight into the specific antigenic regions (epitopes) on ADAMTS13 

domains affected by autoantibodies in patients with HIV-associated TTP. Anti-ADAMTS13 IgG 

autoantibodies are also present in HIV positive individuals, and their binding specificities were 

analysed. 

Methods: A total of 59 HIV-associated TTP plasma samples with severe ADAMTS13 deficiency of       

less than 10% were collected prior to plasma therapy and analysed. Hundred (100) plasma samples 

from HIV positive patients without TTP were included as a control group. We compared the 

ADAMTS13 parameters i.e. ADAMTS13 antigen and activity levels and autoantibody titers and VWF 

parameters i.e. antigen levels, propeptide and multimeric patterns between the HIV-associated TTP 

and the control cohort. To understand the pathogenic mechanisms of anti-ADAMTS13 IgG 

autoantibodies, a synthetic peptide library comprising of ADAMTS13 proximal domains was used to 

map potential epitope regions that bind to purified anti-ADAMTS13 IgG antibodies isolated from 53 

individual HIV-associated TTP patient samples and 18 control cohort samples using a newly 

developed Peptide ELISA-based assay.  

Results: The HIV-associated TTP patient plasma samples had severely reduced ADAMTS13 antigen 

(<50%) and activity (<10%) levels compared to the HIV positive control samples (ADAMTS13 antigen 

and activity levels >25% but <150%), with a statistically significance difference (p<0.05%).  Anti-

ADAMTS13 IgG autoantibodies were detected in 90% of the HIV-associated TTP patient samples, 

and only in 18% of the HIV infected control cohort plasma samples. About 90% of the HIV-associated 

TTP patient samples were found to contain clinically significant ADAMTS13 autoantibodies of which 

64% were inhibitory as demonstrated with mixing studies. Furthermore, high anti-ADAMTS13 IgG 

autoantibody titers (≥50µg/mL) were detected in samples with a low median ADAMTS13 antigen 

level of ~4.5% and low anti-ADAMTS13 IgG autoantibody titers (<50µg/mL) in samples with a high 

median ADAMTS13 antigen level of ~12.5%. Additional anti-ADAMTS13 autoantibodies that were 
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detected in the HIV-associated TTP patient samples were IgM (30%) and IgA (64%) isotypes in 

combination with IgG isotype autoantibodies. In 18 out of the 100 HIV positive control patient 

samples positive for anti-ADAMTS13 IgG autoantibodies, 28% were positive for IgM and 22% for IgA 

autoantibody isotypes. Both groups presented with normal to significantly increased VWF:Ag and 

VWFpp levels (>200%), and no statistically significant difference between them (p>0.05). The 

epitope mapping results revealed that the Metalloprotease, Cysteine-rich and Spacer domains were 

constantly (100%) involved in binding anti-ADAMTS13 IgG antibodies isolated from the 53 patients 

with HIV-associated TTP samples. 58% of these samples contained anti-ADAMTS13 IgG antibodies 

that bind to the C-terminal part of ADAMTS13 Disintegrin-like domain. However, in the HIV positive 

plasma samples, the Metalloprotease and Disintegrin-like domains were the primary targets (100%) 

for anti-ADAMTS13 IgG antibody binding, while only 61% of samples with IgG antibodies showed 

binding to the Cysteine-rich and Spacer domains of ADAMTS13. The IgG autoantibodies detected in 

the control cohort samples shared linear epitopes at various regions of the ADAMTS13 proximal 

domains investigated with anti-ADAMTS13 IgG antibodies detected in HIV-associated TTP patient 

samples. 

Conclusions: Most (90%) of patients diagnosed with HIV-associated TTP with severe ADAMTS13 

activity levels of less than 10% have anti-ADAMTS13 autoantibodies. Thus, highlighting that 

ADAMTS13 autoantibody-mediated deficiency may be involved in HIV-associated TTP. Both 

inhibitory and non-inhibitory anti-ADAMTS13 autoantibodies are present in these patients, 

suggesting that different pathogenic mechanisms may be involved in HIV-associated TTP. The 

Metalloprotease, Cysteine-rich and Spacer domains are the primary target for anti-ADAMTS13 IgG 

autoantibodies in patients with HIV-associated TTP. In contrast, HIV positive patients without TTP 

may have anti-ADAMTS13 IgG autoantibodies, which may even share linear epitopes with those 

detected in patients with HIV-associated TTP, but their pathological relevance has not been 

elucidated. The results of this study provides new insight into the pathophysiology of HIV-associated 

TTP. HIV-associated TTP patients have anti-ADAMTS13 antibodies potentially affecting the 

proteolytic activity of this enzyme.   

Key words: Human immunodeficiency virus, Thrombotic thrombocytopenic purpura, ADAMTS13, 

ADAMTS13 autoantibodies. 
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CHAPTER 1: Introduction 

 
Thrombotic Thrombocytopenic Purpura (TTP) is a rare but life-threatening haematological condition 

classified under thrombotic microangiopathy (TMA) disorders (Moake, 2002). TMAs are a group of 

diseases characterised by microangiopathic haemolytic anaemia and thrombocytopenia associated 

with micro-vascular platelet-rich thrombi with ischaemic organ dysfunction that includes renal 

impairment and neurological abnormalities. In TTP, the systemic occlusion of the microcirculation 

often affects the central nervous system, and less frequently, the kidneys (Moake, 2002).  

Dysfunction of a metalloproteinase enzyme, a Disintegrin and Metalloprotease with 

Thrombospondin motives member 13 (ADAMTS13), has been identified as playing a 

pathophysiological role in patients with chronic relapsing TTP (Zheng et al. 2001). This enzyme is 

responsible for regulating the size of ultra large von Willebrand Factor (UL-VWF) multimers that are 

haemostatically reactive to platelets. Defects or deficiencies of ADAMTS13 leads to the 

accumulation of UL-VWF multimers in the circulation, eventually forming VWF-platelet-rich thrombi 

under high shear stress conditions manifesting phenotypically as TTP. TTP is therefore a TMA with 

an absence or a severe deficiency of ADAMTS13 activity (<10%). These findings further differentiate 

TTP from other TMA disorders, such as haemolytic uremic syndrome (HUS) (Zheng et al. 2001). 

Two types of TTP have been identified namely a congenital and acquired form. Congenital TTP is 

due to inherited mutations within the ADAMTS13 gene that can affect the secretion, expression or 

the activity of ADAMTS13 protein (Levy et al. 2001). Acquired TTP is often associated with severe 

deficiency of ADAMTS13 activity (<10%) and the presence of autoantibodies to ADAMTS13 (Reese 

et al. 2013; Scully et al. 2008; Peyvandi et al. 2008). Autoantibodies to ADAMTS13 can either block 

the activity of ADAMTS13 or promote rapid clearance of ADAMTS13 from the blood (Thomas et al. 

2015). The acquired form of TTP is much more common than the inherited form, but for unknown 

reasons, it occurs more frequently in black African females (between the ages of 30 - 40 years) 

compared to males (Reese et al. 2013; Terrell et al. 2010).   

The classically described forms of TTP are rare but a similar condition is now frequently observed in 

patients infected with the human immunodeficiency virus (HIV) in Sub-Saharan Africa (Swart et al. 

2019). Since the discovery of the first case of HIV-associated TTP in the 1980’s (Jokela et al. 1987), 

numerous cases of TTP associated with HIV infection have been reported in South Africa which is 

the sub-Saharan country with the highest HIV infection rate (Masoet et al. 2019; George et al. 2012; 

Visagie and Louw 2010; Gunther et al. 2007;). According to the 2019 mid-year population statistics 
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of South Africa, about 7.97 million (13.5%) people are estimated to be infected with HIV (STATS SA 

2019) which is a growing health problem. Furthermore, the incidence of TTP related to HIV infection 

is much higher than the incidence of TTP in non-infected individuals (Masoet et al. 2019; George et 

al. 2012). Reports have also shown that relapses are more common occurring in up to 60% of 

patients with higher mortality rates (10-30%) in HIV vs. non-HIV TTP patients (Swart et al. 2019; Boro 

et al. 2011; Rock et al. 1991). The high mortality rates probably reflect diagnostic uncertainty 

coupled with an inability to identify at risk patients and unavailability of resources. Diagnostic and 

prognostic biomarkers have to be identified in patients with HIV-associated TTP.  

TTP is common in patients with advanced HIV disease in whom it is associated with low CD4+ counts 

of below 200 cells per cubic millimetre of blood and high viral loads (Hart et al. 2011; Benjamin et 

al. 2009; Miller et al. 2005; Gunther et al. 2007). The incidence of HIV-associated TTP was expected 

to decline with widespread access to antiretroviral therapy (ART) (Becker et al. 2004). However, 

cases of TTP in HIV infection are still prevalent in South Africa despite increased access to ART 

(Masoet et al. 2019; Louw et al. 2018). Recently, TTP is being observed even in HIV infected patients 

with viral loads below the detectable limit and on ART (Louw et al. 2018; Novitsky et al. 2005), but 

the exact underlying pathogenesis is not clear.   

HIV-associated TTP is probably related to heterogeneous mechanisms related to the viral infection.  

HIV endothelial cell dysfunction has been considered as important in the pathogenesis of HIV-

associated TTP (Cruccu et al. 1994; Gunther et al. 2006; Fujimura and Matsumoto 2010; Pos et al. 

2011). Although some studies suggested that endothelial dysfunction may not be the primary cause 

of TTP, rather that vascular perturbation may be the consequence of TTP (de Wit et al. 2003). 

Autoimmune dysfunction with autoantibody production and aberrant T-cell responses may 

contribute significantly to the depletion of ADAMTS13 in HIV-associated TTP (Boro et al. 2011; 

Massabki et al. 1997). HIV infection with a low CD4+ lymphocyte count (less than 200/mm3) and a 

high viral load are associated with an increased incidence of ADAMTS13 autoantibodies (Chen et al. 

2002; Gunther et al. 2007). Furthermore, the presence of ADAMTS13 autoantibodies may 

contribute to severe ADAMTS13 deficiency and trigger HIV-associated TTP (Boro et al. 2011; Coppo 

et al. 2004; Massabki et al. 1997). Several studies have confirmed the importance of autoantibodies 

to ADAMTS13 in the pathogenesis of HIV-associated TTP (Alwan et al. 2017; Thomas et al. 2015; 

Scheiflinger et al. 2003; Tsai et al. 2000; Zheng et al. 2001; Furlan et al. 1997).  

The current literature on HIV-associated TTP is limited and contains mostly case studies and 

database records of patients. There is also limited data on the presence of ADAMTS13 



 

5 
 

autoantibodies in HIV-associated TTP. The majority of acquired TTP case studies assessing these 

parameters, either do not include or specifically excluded HIV-positive patients (Swart et al. 2019; 

Alwan et al. 2019). Two previous South African studies have detected autoantibodies to ADAMTS13 

in HIV-associated TTP as well as in HIV infected people without TTP (Gunther et al. 2007; Meiring et 

al. 2012). The binding specificity of these autoantibodies however remains unknown. The detection 

of ADAMTS13 autoantibodies and defining their epitopes on the ADAMTS13 protein in HIV-

associated TTP patients may be of clinical value with disease prognostication and treatment efficacy 

assessment.   

In some HIV-associated TTP cases, acquired ADAMTS13 deficiency may occur in the absence of 

detectable autoantibodies/ autoantibodies that inhibit ADAMTS13 (Zheng et al. 2004; Gunther et 

al. 2007). The possible mechanism may be the presence of non-neutralizing antibodies that increase 

clearance or inhibit ADAMTS13 binding to the endothelium without interfering with its activity 

(Scheiflinger et al. 2003; Thomas et al. 2015). The biological function of the IgG/IgM/IgA 

autoantibodies is determined by their specificity, affinity and sub-class designation, which results in 

different immunologic effector functions (Scheiflinger et al. 2003). Thus, the role of ADAMTS13 

autoantibodies in the pathophysiology of HIV-associated TTP requires further investigations.  

The antigenic determinants of autoantibodies that result in compromised ADAMTS13 activity in HIV-

associated TTP need to be determined and will possibly assist in the identification of humoral 

immune responses which culminate in ADAMTS13 deficiency. Autoantibodies are also considered 

to be reliable prognostic biomarkers that can predict the severity of a disease (Page et al. 2017; 

Ferrari et al. et al. 2007; Tsai and Lian, 1998). Detection, quantification and characterization of 

ADAMTS13 autoantibodies and subclass distribution may be potentially valuable in HIV patients at 

risk to develop or suffer from TTP. Important, autoantibody determination can be used to monitor 

therapeutic interventions.  

The aim of this study was to use epitope mapping to provide us with a novel insight into the specific 

antigenic regions (epitopes) on ADAMTS13 domains affected immunologically by autoantibodies 

detected in HIV-associated TTP patients and to characterise the autoantibodies to ADAMTS13 that 

are present in HIV-associated TTP plasma. The results of this study will contribute to a better 

understanding of the disease, HIV-associated TTP. 
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CHAPTER 2. Literature review 

 
The ADAMTS13 protein plays a central role in the pathogenesis of thrombotic thrombocytopenic 

purpura (TTP). With this literature review we will start by explainig the structure-function 

relationship of ADAMTS13, followed by a brief overview of interactions between the ADAMTS13 

enzyme and its substrate, von Willebrand factor (VWF).  

 

2.1. Introduction to ADAMTS13: Structure, function, biosynthesis and secretion 

A disintegrin-like metalloproteinase with thrombospondin motif type 1 member 13 (ADAMTS13) is 

a member of multidomain extracellular protease enzymes (Zheng et al. 2001). Primarily synthesized 

in the hepatic stellate cells, ADAMTS13 is secreted into plasma in its active form (Zhou et al. 2005; 

Soejima et al. 2001). From its discovery in 2001, functional ADAMTS13 has been identified as a 

cleaving protease of ultra large (UL)-VWF multimers (Zheng et al. 2001).  

The gene coding for ADAMTS13 is located in the long arm of chromosome 9 at position 34, and the 

mature protein consists of 1427 amino acids (GenBank: AAL11095.1, Appendix A). The structure of 

ADAMTS13 from its N-terminus, consists of a propeptide, metalloprotease domain (MP), a 

disintegrin-like domain (Dis-like), the first thrombospondin type-1 (TSP1) motif, a Cysteine-rich 

domain (Cys-rich), a Spacer domain, seven additional TSP1 repeats, and two CUB (Complement 1r/s, 

Uegf, Bone morphogenic protein 1) domains at the C-terminal (Zheng et al. 2001). The ADAMTS13 

structure with domain organization is shown in Figure 2.1. A depiction of ADAMTS13 molecular 

structure in its folded and unfolded form is shown in Figure 2.2. 
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Figure 2.1: Domain organization of ADAMTS13.  
From the N-terminal side: (P)- Propeptide, (MP)-Metalloprotease, (Dis)-Disintegrin-like domain, (1)-first 
thrombospondin type 1 repeat (TSP1), (Cys)-Cysteine-rich domain, (Spacer)-Spacer domain, (2-8)-second to eighth TSP1 
repeats, and (CUB1 and CUB2)- CUB domains. The metalloprotease domain contains the active catalytic centre (with 
the location of the zinc-binding sequence shown in blue) that cleaves VWF. The N-terminal/proximal domains (MP – 
Spacer) recognize/bind to the unravelled VWF, and the C-terminal/distal domains (TSP2-8 – CUB) interact with globular 
VWF under high fluid shear stress (Crawley et al. 2011).   
 

 
 
Molecular model of ADAMTS13 
 

 

 
Figure 2.2: The molecular model of ADAMTS13 protein. 
A molecular model of ADAMTS13 in its folded and unfolded conformation using small angle X-ray scattering by Muia et 
al. (2014). In the folded conformation, the distal domains lie in close proximity with the proximal domains implying that 
distal domains allosterically regulate ADAMTS13’s activity and substrate binding.  

 
The ADAMTS13 structure contains a propeptide (from a mature N-terminal side, highlighted in grey 

in Figure 2.1), which functions exclusively as a molecular chaperone and has no effect on the 

ADAMTS13 
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enzymatic function or the expression levels of ADAMTS13 (Majerus et al. 2003). The 

metalloprotease domain (MP) of ADAMTS13, referred to as zinc-dependent hydrolase, contains the 

active site responsible for hydrolysing the Tyr1605-Met1606 scissile bond of the VWF A2 domain 

(Zheng, 2013). For proteolysis to occur, the MP domain binds to a zinc ion (Zn2+) with the sequence 

HEXXHXXGXXHD, highlited grey in Figure 2.3A, and the three underlined histidine residues 

coordinate the Zn2+ ion in the sequence (Zheng et al. 2001), with the ‘X’ in the sequence representing 

various random amino acid residues. The sequence also contains the catalytic ‘E’- glutamic acid 

residue at position 225 (double underlined in the sequence) that is stabilised by the Zn2+ ion and 

polarizes the water molecule through hydrogen bonding. The Zn2+ ion is responsible for the 

nucleophilic attack on the carbon molecules of the VWF substrate scissile peptide bond, allowing 

hydrolysis of the bond (Bode et al. 1999; Bode et al. 1993). Furthermore, each site of the catalytic 

zinc sequence contains the S1-S’ subsites of ADAMTS13 that accommodates the VWF P1-Tyr1605 

and Met1606-P1’ residues (De Groot et al. 2010; Crawley et al. 2011). These subsites facilitate the 

cleavage efficiency and site specificity of ADAMTS13 by allowing it to interact with VWF-substrate 

in the vicinity of the active-site cleft (Figure 2.3B: insert).   

A methionine residue at position 249 creates a tight turn (Met-turn) at a short distance from the 

sequence following the zinc-binding sequence (Bode et al. 1999). This tight turn forms a 

hydrophobic base beneath the catalytic Zn2+ contributing to the structural integrity of the 

metalloprotease, which is vital for the function of ADAMTS13. The ADAMTS13-MP domain also 

requires divalent cations to perform its enzymatic function.  This is modulated by the presence of 

three functional calcium (Ca2+) binding sites on the MP domain (Crawley et al. 2011; Gardner et al. 

2009; Bode et al. 1999; Anderson et al. 2006). These Ca2+ binding sites are present in residues 

adjacent to the active site. The two Ca2+ binding sites on residues (Glu83, Asp173, Cys281, Asp284) 

and (Glu164, Asp166) respectively, mediate low affinity Ca2+ binding and have no effect on Ca2+-

dependent ADAMTS13 activity. The third Ca2+ binding site on (Asp182, Asp187 and Glu212) residues 

is thought to play a critical role in providing high affinity Ca2+ binding and proteolytic activity. The 

Ca2+ binding property provides structural integrity to the loop necessary for efficient proteolysis of 

the VWF substrate by enhancing the proteolytic activity of ADAMTS13 through the conformational 

change of the active site cleft of the MP domain (Gardner et al. 2009). Residue Asp187 is 

hypothesized to play a critical role by providing a high affinity Ca2+ binding site that modulates the 

shape of the functional loop (Gardner et al. 2009). Mutations at the third site can dramatically 

reduce Ca2+-induced ADAMTS13 activity. Figure 2.3 shows the constituents of the MP domain that 

forms an important part of the proteolysis machinery. 
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61                     L    HLELLVAVGP   DVFQAHQEDT  ERYVLTNLNI    GAELLRDPSL 

  121 GAQFRVHLVK  MVILTEPEGA     PNITANLTSS    LLSVCGWSQT   INPEDDTDPG  HADLVLYITR 

181 FDLELPDGNR  QVRGVTQLGG  ACSPTWSCLI   TEDTGFDLGV    TIAHEIGHSF     LEHDGAPGS 

241 GCGPSGHVMA      SDGAAPRAGL   AWSPCSRRQL  LSLLSAGRAR     CVWDPPRPQP GSAGHPPDA 

301  QPGLYYSANEQ     CRVAFGPKAV    ACTFAREHLD   MCQALSCHTD PLDQSSCSRL     LVPLLDGTEC 

361 GVEKWCSKGR CRSLVELTPI        AAV 

 
 
Figure 2.3: ADAMTS13 MP – Dis domains residue structure.  
A: The Metalloprotease (MP) domain residue sequence (80-286, in red) with the active site (zinc sequence) highlighted 
in light blue and the Met-turn methionine (M249) in purple. The residues with calcium binding sites are highlighted in 
green. The Disintegrin-like (Dis) domain residue sequence is highlighted in yellow (287-383), with exocites highlighted 
in dark blue within the sequence (GenBank: AAL11095.1). B: Depiction of the crystal structure of ADAMTS13 (Crawley 
et al. 2011) with MP domain in red and Dis domain in yellow. Insert: the active site cleft. Active site residues (Zn2+ and 
its 3 coordinating Histidine residues (His224, His228 and His234) and the catalytic (Glu225), with high-affinity binding 
functional Ca2+-binding loop marked. Regions of MP domain predicted to contain the S-subsites are labelled and marked 
in different colours. The Dis domain exosite residues are also indicated in red. C: A proposed model by De Groot et al. 
(2015), showing Asp1614 in the VWF domain (located 26 Å from the Tyr1605-Met1606 scissile bond) interacts with 
Arg349 in ADAMTS13. This, in turn, helps position the scissile bond into the active-site cleft.  

A. ADAMTS13 Amino Acid Sequence 

 
B. MP and Dis 
Domains Crystal 
structure 

C. VWF (A2 1603-1622) 
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It is important to note that ADAMTS13 proteolytic activity does not take place in the absence of the 

zinc sequence, (Ai et al. 2005; Gao et al. 2008; Soejima et al. 2003; Zheng et al. 2003). Moreover, 

the ability of ADAMTS13 to perform its proteolytic activity is dependent on the presence of other 

functional domains added to the MP domain. The interaction between the ADAMTS13 and VWF are 

discussed in the next section. The functions of the different domains present on the ADAMTS13 

protein are discussed below as they are sequentially added to the MP domain. 

The domain adjacent to the MP domain is the Disintegrin-like (Dis) domain, highlighted in yellow in 

Figure 2.3. The Dis domain significantly increases cleavage efficiency and specificity of ADAMTS13 

(Ai et al. 2005; De Groot et al. 2009; Xiang et al. 2011; Crawley et al. 2011). It contains exocites at 

Arg349 and Leu350 residues that form weaker interactions with the unravelled VWF A2 domain 

residues at Asp1614 and Ala1612 close to the cleavage site. The proposed model by De Groot et al. 

(2009) (Figure 2.3:C), demonstrates that the Arg349 residue in ADAMTS13 interacts with the 

Asp1614 residue in the VWF A2 domain in order to position the VWF Tyr1605-Met1606 scissile bond 

into the active-site cleft of ADAMTS13. The ADAMTS13 residues Arg349 and Leu350 are located 

adjacent to the active-site cleft with residue Arg349, in close proximity to the active site. When 

bound to the VWF residue Asp1614, the scissile bond is orientated towards the active centre of 

ADAMTS13 for cleavage to occur.  

Although the exocites in the Dis domain provide low-affinity binding, these secondary interactions 

are important for enhancing binding of the MP domain to VWF scissile bond. Using kinetic analysis 

of point substitutions, De Groot et al. (2009) showed how mutations of Arg349 or Leu350 in the Dis 

domain reduced cleavage efficiency of the VWF substrate, suggesting that both functional substrate 

binding and substrate turnover are significantly affected. Therefore, the MP and the Dis domains 

operate as an inseparable functional unit for optimal catalytic activity of ADAMTS13 and without 

the Dis domain, the catalytic activity of ADAMTS13 is reduced (De Groot et al. 2009). 

The third domain to be sequentially added after the Dis domain is the first thrombospondin type-1 

repeat (TSP1). The role of all TSP1 repeats is still unclear, however, it is suggested to play an 

important role in cell surface binding and substrate recognition (Zheng et al. 2013, Vomund and 

Majerus, 2009). Moreover, TSP1 repeats have also shown to contain up to 6 cysteine residues 

(highlighted in coloured pairs in Figure 2.4) that may act as free thiols (Xiao and Zheng, 2011; Yeh 

et al. 2010). These free cysteine residues form part of the catalytic active site in an enzyme and are 

involved in the formation of intra- and inter-molecular disulphide bonds (Trivedi et al. 2009). The 

presence of disulphide bonds in proteins have been shown to impose conformational rigidity of a 

protein, preventing mis-folding. A cluster of surface exposed free thiols have also been identified on 
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the ADAMTS13 C-terminal TSP1 repeats and the CUB domains. These free thiols on ADAMTS13 

interact with free thiols on the surface of UL-VWF forming disulphide bonds between ADAMTS13 

and VWF, and prevent disulphide bond formation between 2 VWF multimers under flow (Bao et al. 

2014; Xiao and Zheng 2011; Yeh et al. 2010). Thus, ADAMTS13 binding to VWF also prevents VWF-

mediated platelet adhesion and aggregation.  

 

 

 
 

 361            _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ HGRWSSW GPRSPCSRSC GGGVVTRRRQ CNNPRPAFGG 
  421  RACVGADLQA EMCNTQACEK TQLEFMSQQC ARTDGQPLRS SPGGASFYHW GAAVPHSQGD 

 

Figure 2.4: ADAMTS13 TSP1-1 domain residue structure.  
The 6 cystein residues that pair to form disulphide bonds are located on the amino acid sequence from 384-439, 
highlighted within the TSP1-1 sequence (GenBank: AAL11095.1). Cys396 pairs with Cys433 (yellow), Cys400 pairs with 
Cys438 (light blue), and Cys411 pairs with Cys423 (red).   

 

The fourth and the fifth domains sequentially added in ADAMTS13 protease is the Cysteine-rich 

(Cys) and Spacer domains, respectively. These 2 domains play a critical role in binding to VWF and 

promoting proteolysis. The Spacer domain is responsible for the tight binding between ADAMTS13 

and the VWF A2 domain (De Groot et al. 2015; Jin et al. 2010; Gao et al. 2008; Gao, 2006; Majerus 

et al. 2005; Akiyama et al. 2009). Whereas the Cys domain plays a supporting role by promoting the 

functional conformation of the Spacer domain so that it can interact with VWF (De Groot et al. 

2011). As mentioned before, interactions of other domains are required to enhance proteolysis of 

the VWF A2 domain by the ADAMTS13 MP domain. Extensive interactions by C-terminal non-

catalytic domains of ADAMTS13 greatly increases VWF substrate recognition and cleavage 

efficiency.  

The important interactions of functional Cys-rich and Spacer domains are discussed in the next 

section. The amino-acid sequence of the Cys-rich and Spacer domains of ADAMTS13 is shown in 

Figure 2.5. 

 

 

ADAMTS13 Amino Acid Sequence 
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     421                                                K       TQLEFMSQQC    ARTDGQPLRS     SPGGASFYHW   GAAVPHSQGD 

     481 ALCRHMCRAI  GESFIMKRGD       SFLDGTRCMP     SGPREDGTLS      LCVSGSCRTF      GCDGRMDSQQ 

     541 VWDRCQVCGG DNSTCSPRKG     SFTAGRAREY      VTFLTVTPNL      TSVYIANHRP   LFTHLAVRIG 

     601  GRYVVAGKMS   ISPNTTYPSL        LEDGRVEYRV     ALTEDRLPRL       EEIRIWGPLQ      EDADIQVYRR 

     661  YGEEYGNLTR     PDITFTYFQP       KPRQA 

Figure 2.5: ADAMTS13 Cysteine-rich and Spacer domains residue structure.   
Cysteine-rich domain sequence (440-558) highlighted in grey with highlighted hydrophobic residues in red. Spacer 
domain sequence (559-680) highlighted in purple, with exocites (residues Arg659, Tyr660, Tyr661 and Tyr644, 
highlighted in green) (GenBank: AAL11095.1). These exocites play a significant role in substrate recognition and 
cleavage. 

 

De Groot et al. (2015) demonstrated that the Cys domain contains hydrophobic residues (Gly471-

Val474) situated on the same side as the Spacer domain exosites (Arg660-Tyr665) using a 3D crystal 

structure shown in Figure 2.6. The positions of these residues are highlighted in red and green 

respectively in Figure 2.5. These Cys hydrophobic pocket interact directly with hydrophobic residues 

located on the VWF, causing a conformational change that further enhances binding of the Spacer 

domain. De Groot et al. (2015) employed deletion and substitution mutagenesis to demonstrate 

that without these interactions, binding of the Spacer domain with VWF is significantly reduced.  

Furthermore, the Cys hydrophobic pocket is also thought to play a role in opposing interactions 

between the Spacer and the CUB domain under flow conditions when VWF unfolds (Zheng, 2015). 

The exact mechanism by which the Cys hydrophobic pockets achieve this effect is still unclear and 

investigation are still ongoing. It is safe to suggest that binding of the Spacer domain may be 

dependent on the function of the Cys domain (Zheng, 2015). The CUB domains have a regulatory 

role by inhibiting the ADAMTS13 activity through interactions with the Spacer domain under flow, 

as discussed later in the literature review.  

The Spacer domain contains residues (Arg659, Arg660, Tyr661 and Tyr665) that form a high-affinity 

binding site for the C-terminal residues (from Glu1660 to Arg1668) in the VWF A2 domain (Gao et 

al. 2006; Jin et al. 2010). Furthermore, kinetic analysis using folded-VWF and wild type unfolded-

VWF substrates under various conditions showed that these amino acid residues recognize the 

ADAMTS13 Amino Acid Sequence 
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unfolded central VWF-A2 domain 10-fold better than the folded-VWF. The Spacer domain has also 

been demonstrated to promote cleavage of the VWF by the ADAMTS13 MP domain under high fluid 

shear stress. Figure 2.6 shows the proposed model for the interaction of ADAMTS13 with the 

unravelled VWF A2 domain. 

 

 
 

Figure 2.6: Proposed model for the interaction of ADAMTS13 with unravelled VWF A2 domain.  
The figure represents the proposed crystal structure of ADAMTS13 DTCS model by Akiyama et al. (2009). The ADAMTS13 
domains are colour-coded as follows: MP (red), Dis (yellow), TSP1 (green), Cys (blue), and Spacer (pink). The active site, 
Disintegrin-like exosites (R349 and Leu350), and Spacer exosite (R660, Y661, and Y665) are shown in dark red and are 
labelled. Unravelled VWF A2 domain (dashed blue ribbon) is shown and demonstrates extention across the ADAMTS13 
active site and the exosites in the ancillary Dis, Cys, and Spacer domains. The location of the hydrophobic pocket in the 
Cys domain involving the A472, A473 and V474 amino acids is shown in red. Mutegensis studies also revealed that 
modifying the structure of the Cys domain by addition of a glycan at position 476 (shown in purple) impaired the binding 
and cleaving function of ADAMTS13 (De Groot et al. 2015).  

 

When the UL-VWF multimer changes conformation from a globular form to a string-like form under 

shear stress, the Spacer domain is the first to recognise residues on VWF (Jin et al. 2010).  The Spacer 

domain exosites mediate most of the binding between VWF and ADAMTS13 through its high-affinity 

binding to VWF residues. When VWF unfolds, the hydrophobic pockets of the Cys domain further 

enhance the tight binding of the Spacer domain and subsequent proteolysis. These two domains 

approximate the ADAMTS13 to VWF but are not sufficient for proteolysis to occur. The second 

exosites of the Dis domain residues provide weaker interactions with VWF residues and are required 

to position the VWF A2 Tyr1605-Met1606 scissile bonds within the active site-cleft of the 

ADAMTS13. Then the MP domain S1-S1’ pockets adjacent to the cleavage site interact with VWF 

residues to accommodate the VWF P1-P1’ pockets (Tyr1605-Met1606), thus bringing the scissile 
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bond near the active site.  Thereafter, binding between the ADAMTS13 MP domain active site and 

the VWF A2 domain at Tyr1605-Met1606 bond take place for proteolysis to occur. These 

interactions work like a molecular zipper presenting the VWF scissile bond to the ADAMTS13 active 

site through various domains interacting with VWF substrate (Crawley et al. 2011; Feys et al. 2009), 

see Figure 2.8.  

The function of ADAMTS13 is thus dependent on the cooperation between the critically important 

Spacer domain and Cys domain (De Groot et al. 2011). When weaker interactions of the Dis domain 

to VWF are disrupted, efficient substrate recognition and cleavage are also affected.  It is thus clear 

that interactions between ADAMTS13 and VWF are dependent on the presence of multiple 

ADAMTS13 domains that initiate direct contact with the complementary exosites in VWF.  

The TSP2-8 and the CUB non-catalytic domains of ADAMTS13 does not increase the proteolytic 

activity of ADAMTS13. Instead, these domains provide secondary interactions between ADAMTS13 

and VWF-A2 in a linear fashion, which is critical for the proteolysis of VWF under flow. A small 

portion (~3%) of ADAMTS13 is suggested to circulate in the blood with the TSP5-CUB domains bound 

to D4-CK domains of the VWF (Figure 2.8) (Feys et al. 2009; Zanardelli et al. 2009). The binding 

exosites of the Spacer domain are only revealed when shear forces promote unfolding of VWF, 

which exposes the A2 domain. Then the Dis domain can position the Tyr1605-Met1606 scissile bond 

for proteolysis by the active site of the ADAMTS13 MP domain.  

The C-terminal of the TSP1 repeats also interact with the endothelial cell surface receptor CD36, 

which may enhance proteolytic cleavage of UL-VWF under flow conditions (Vomund and Majerus, 

2009). The ADAMTS13 C-terminal TSP1 repeats have also been shown to regulate platelet 

interaction with collagen, which is independent of ADAMTS13 proteolytic activity (Xiao and Zheng, 

2011). Under high shear stress conditions, the TSP1 repeats inhibit platelet adhesion to collagen, 

thereby decreasing platelet adhesion and aggregation, which may contribute to the antithrombotic 

activity of ADAMTS13 under pathophysiological conditions (Bao et al. 2014).  

The CUB domains are unique to ADAMTS13 and are not found in other ADAMTS proteases (Tang, 

2001; Apte, 2009). Although the role of the CUB domains alone is not yet clear, experimental studies 

suggest that the CUB domains have a negative regulatory function of ADAMTS13 (South et al. 2014; 

Jin et al. 2009; Xiao et al. 2011). These studies showed that the proteolytic activity of ADAMTS13 is 

increased when the CUB domains are removed or blocked, beacuse the CUB domains circulate 

bound to the Spacer domain under flow, blocking interactions of the Spacer domain with the 

substrate. This action of the CUB domains can also be viewed as a regulatory mechanism of the 
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ADAMTS13 enzyme, which prevent unnecessary proteolysis of VWF in the circulation (Tao et al. 

2005). Other studies showed that ADAMTS13 lacking the CUB domains is unable to cleave platelets-

derived UL-VWF under flow in animal models (De Maeyer et al. 2010; Tao et al. 2005; Tao et al. 

2005). The results of these studies indicate that the CUB domains are vital to the action of 

ADAMTS13 under different physiological conditions. 

Functionally active ADAMTS13 has also been found in small quantities in vascular and glomerular 

endothelial cells, megakaryocytes, platelets and glial cells. (Turner et al. 2006; Tati et al. 2011; Liu 

et al. 2005; Suzuki et al. 2004; Tauchi et al. 2012). These small quantities of ADAMTS13 detected in 

vascular endothelial cells are constitutively secreted from these cells and potentially contribute to 

maintaining a VWF-free endothelial cell surface (Turner et al. 2009). The ADAMTS13 produced by 

glomerular endothelial cells protects the kidneys against thrombosis by preventing platelet 

aggregation along the capillary lumina where high shear stress is present and proteolytic activity of 

ADAMTS13 is essential for cleaving unravelled UL-VWF multimers (Tati et al. 2011). ADAMTS13 

derived from platelets cleaves platelet-derived UL-VWF under static and flow conditions (Liu et al. 

2005). Furthermore, the expression of ADAMTS13 on platelet surfaces increase significantly when 

platelets are activated by thrombin and thus counteracts the sudden release of hyperactive UL-VWF 

multimers from platelets (Liu et al. 2005; Pickens et al. 2012).  

 

2.2. Function of von Willebrand factor (VWF)  

Von Willebrand factor (VWF) is an adhesive plasma glycoprotein that functions as a sensor of vessel 

wall damage and the initiator of primary haemostasis (Moake et al. 1986; Sadler 1998). VWF is 

synthesized in both vascular endothelial cells and megakaryocytes as a pre-propolypeptide (Sporn 

et al. 1985; Wagner et al. 1982). The mature functional VWF is secreted in plasma as ultra large VWF 

(UL-VWF) multimers (Wagner et al. 1991; Sadler 1991). The function of VWF is dependent on its 

multimeric size, as UL-VWF multimers in plasma are the most adhesive and haemostatically active 

form of VWF. The UL-VWF multimers contain more ligand binding sites and are thus more 

conformationally responsive to vascular shear forces (Sadler 1998). The mature VWF contains 

structural domains that have a variety of specific ligand binding sites (Zhou et al. 2011), which allow 

VWF to interact with platelet surface glycoprotein Ibα (GPIbα) at the A1 domain, integrin αIIβIII at 

the C1 domain, extracellular matrix collagen at the A3 domain, and act as carrier for plasma FVIII at 

the D’-D3 domains. For the latter, VWF protects FVIII from being degraded by activated protein C 

thereby prolonging its half-life (Federici, 2003; Lenting et al. 1998). Figure 2.7 shows the multi-

domain organisation of VWF. 
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Figure 2.7: Schematic presentation of a multi-domain organization of a mature VWF.  
Adapted from Zhou et al. (2011) with slight modifications. A. N-terminal side of VWF contains a signal peptide (SP), 
propetide and a mature VWF peptide. B. VWF A-D domains with sites for multimerization, protein interactions, 
proteolytic cleavage and dimerization. The 4 D-domains for multimerization and FVIII binding, 3 A-domains with the A1 
for platelet GPIbα binding site, A2 for cleavage by ADAMTS13 (indicated by the black arrow), and the A3 for collagen 
binding and C-domains for platelet αIIbβ3 interaction.  

 

The D1-D2 domains that form the propeptide, are responsible for multimerization of the VWF 

dimers by forming an interdimer disulphide bond in the Golgi apparatus. The A1 domain of VWF is 

the only platelet-binding site, which initiates platelet adhesion through GPIb-IX-V complex, 

ultimately leading to platelet aggregation and thrombus formation (Zhou et al. 2011). However, the 

regulation of platelet adhesion depends upon cleavage by ADAMTS13. The UL-VWF multimers 

unwind in response to rheological shear stress (Zhang et al. 2009), which expose the A1 domain of 

VWF for platelet binding as well as the A2 domain prone to ADAMTS13 proteolysis activity. The A2 

domain on the VWF multimer provides the cleavage site for the ADAMTS13 MP domain at the 

Tyr1605-Met1606 bond. ADAMTS13 converts UL-VWF into smaller, less haemostatically active 

fragments. Thus, when the UL-VWF multimers undergo a structural transitioning from a globular to 

an elongated form, it undergoes cleavage by ADAMTS13, thus regulating VWF function.   

During its synthesis, VWF undergoes extensive glycosylation that is essential for its secretion 

(McKinnon et al. 2008; McKinnon et al. 2010). Important N- and O-linked glycans that contain the 

ABO (H) blood group have been identified to influence VWF plasma levels and proteolysis by 

ADAMTS13 (O’Donnell et al. 2005). In addition, an important N-glycan attached to residue Asn1574 

within the VWF A2 domain helps to stabilize the unfolding of the VWF A2 domain that is needed for 

proteolysis to take place (McKinnon et al. 2008). The O-linked glycans are thought to play a role in 

stiffening the hinge of adjacent domains in VWF (Schulte et al. 2005). 

After glycosylation, furin removes the VWF propeptide and transports the mature multimeric VWF 

to the Weibel-Palade bodies of endothelial cells or α-granules of platelets for storage in their UL 
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forms (Wagner et al. 1991). New UL-VWF is released constitutively from endothelial cells into the 

circulation or upon stimulation by activated platelets in response to vessel wall injury. Once 

released, UL-VWF multimers circulate in the blood in its globular form. This shape allows the VWF 

to survey the vasculature without unnecessary binding to platelets. However, in response to vessel 

wall damage or shear forces, globular VWF changes to an elongated string-like form which exposes 

the collagen and the platelet binding sites. This structural transitioning allows the UL-VWF to 

capture circulating platelets in the blood to the site of injury.   

Released UL-VWF are anchored by the D’-D3 domains on endothelial cell surface binding P-Selectin 

molecules. The P-Selectin molecules are also stored in the Weibel-Palade bodies of endothelial cells 

and functions as adhesion molecules on the surface of activated endothelial cells (Padilla et al. 

2004).  The interaction between P-Selectin and the VWF D’-D3 domain allows the A2 domain binding 

site to be exposed to ADAMTS13 for cleavage (Lopez and Dong 2004).  

 

2.3. Interactions of VWF and ADAMTS13  

The proteolytic activity of ADAMTS13 is important for maintaining a homeostatic balance between 

bleeding and thrombosis in the microcirculation. In the absence of functional ADAMTS13, UL-VWF 

multimers may accumulate and cause spontaneous platelet adhesion that can occlude the 

microvasculature. Released UL-VWF multimers must therefore be cleaved by ADAMTS13 to less 

haemostatically active fragments (Dong et al. 2002). 

Under normal physiological conditions, proteolysis of UL-VWF multimers occurs at three locations: 

firstly, at the surface of the endothelial cell membrane were the newly anchored UL-VWF multimers 

are released from the Weibel-Palade bodies; secondly, upon unfolding of the UL-VWF multimers at 

sites of vessel wall injury; thirdly, in the microcirculation under high fluid shear stress. Endothelial 

cell membrane-anchored UL-VWF are rapidly broken down by ADAMTS13 almost under no fluid 

shear stress (Siedlecki et al. 1996; Tsai et al. 1994). However, the VWF multimers anchored on the 

endothelial cell membrane remain large in size even after cleavage by the ADAMTS13 (Jin et al. 

2009). Further proteolytic processing is required to reduce the UL-multimers to sizes that do not 

bind platelets in the circulation. The VWF conformational changes to string-like elongated forms 

due to shear force in the circulation, make it prone to ADAMTS13 proteolysis activity.  

Once the VWF has undergone proteolysis, it assumes a globular proteolysis-resistant conformation 

with reduced platelet binding capacity. The proteolytic activity of ADAMTS13 is therefore regulated 

by the conformational shape of VWF to prevent uncontrolled proteolysis from occurring, which 
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could lead to haemostatically incompetent plasma VWF pools and haemorrhage. This is observed in 

patients with type 2A VWD with mutations in the VWF A2 domain that cause unstable unfolding of 

the A2 domain in the circulation, resulting in excessive proteolysis of VWF by ADAMTS13 (Xu and 

Springer, 2013). The current understanding of proteolysis of VWF by ADAMTS13 as described by 

Crawley et al. (2011) is shown in Figure 2.8. This phenomenon acts much like a molecular zip in 

terms of substrate recognition and binding, which is very specific until the ADAMTS13’s active site 

cleaves the VWF substrate at the A2 domain. 

 

 

Figure 2.8: Proteolysis of VWF by ADAMTS13 (Crawley et al. 2011).  
VWF circulates in plasma as a multimeric molecule (A) that adopts a quiescent globular conformation. Each multimer is 
composed of disulphide linked VWF monomers (B). In its globular conformation, the collagen-binding site on the A3 
domain is exposed. ADAMTS13 can bind to this globular VWF via its TSP1 (5-8) and CUB domains (C - step 1). This enables 
the formation of VWF and ADAMTS13 complexes that circulate in plasma. Under high shear forces, which can occur on 
secretion, collagen binding, or passage through the microvasculature, VWF unravels to expose the A1 domain binding 
site for GPIbα. These shear forces also remove the molecular plug formed by the vicinal disulphide bond in the A2 
domain, which causes A2 domain to unfold (D - step 2). This unfolding reveals cryptic exosites that enable residues in 
the ADAMTS13 Spacer domain to bind to the unfolded A2 domain (E - step 3). Thereafter, a critical low-affinity 
interaction between D1614 and the Dis domain helps to approximate and position the cleavage site (F - step 4). This 
enables further interactions between the MP domain, including an essential interaction via an S3 subsite with L1603 in 
VWF (G - step 5). All these interactions allow the MP domain to engage via S1 and S1′ subsites with the cleavage site 
(YM; H - step 6), after which proteolysis can occur, (- step 7).  
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The UL-VWF multimers, which make up ~3% of the circulating VWF are the most haemostatically 

reactive form of VWF, and circulate in their globular form bound to ADAMTS13 TSP1-5 – CUB 

domains at the VWF C4 – CK domains (Feys et al. 2009). These UL-VWF/ADAMTS13 complexes allow 

ADAMTS13 to regulate the VWF-platelet binding function. However, this interaction does not cause 

ADAMTS13 to automatically cleave VWF. The binding sites and the A2 domain scissile bond within 

the globular VWF are still hidden within the folded VWF (Crawley et al. 2011).  

Unfolding of the VWF A2 domain is necessary for proteolysis by ADAMTS13 as it contains a vicinal 

disulphide bond at the C-terminus that bends the peptide backbone to form a molecular plug (Zhang 

et al. 2009). A disulphide bond is formed between two adjacent cysteine residues and provides 

structural stability of the protein. This molecular plug interacts directly with the hydrophobic 

residues in the A2 domain core, which stabilizes the VWF A2 domain, making it resistant to 

proteolysis by ADAMTS13 (Luken et al. 2010). The molecular plug is then removed under high fluid 

shear stress, which allows water molecules to enter and destabilizes the hydrophobic core (Crawley 

et al. 2011). This results in the unfolding of the VWF A2 domain exposing additional binding sites for 

ADAMTS13 with subsequent VWF proteolysis (Crawley et al. 2011).  

Refolding of the A2 domain under high-shear stress has also been reported and prevents excessive 

cleavage (Zhang et al. 2009). The VWF A2 domain also contains the residue Pro1645 that can change 

to trans-proline when exposed to shear fluid stress, which can delay refolding of the A2 domain, 

enhancing proteolysis by ADAMTS13 (Zhang et al. 2009). Therefore, the balance between folding 

and refolding of the VWF A2 domain also regulates interactions between ADAMTS13 and VWF. 

Furthermore, the A2 domains present in UL-VWF multimers are more prone to unfolding than those 

present in short multimers, since tensile forces created by shear in the circulation are much higher 

in the middle of large multimers compared to smaller ones (Zhang et al. 2009; Dong et al. 2002). 

 

2.4. Regulation of ADAMTS13 

Regulation of ADAMTS13 within the vasculature is necessary to prevent haemostatic imbalances. 

ADAMTS13 is a stable enzyme with a half-life of 2 to 3 days in plasma (Furlan et al. 1999). Its ability 

to cleave VWF efficiently is dependent on the presence of shear stress on, or denaturation of VWF, 

which promotes unfolding of VWF (Tsai et al. 1994). If ADAMTS13 activity is not regulated, it could 

result in either the presence of excessive hyperactive UL-VWF or haemostatically incompetent 

small-cleaved fractions with resultant platelet-rich thombi in the microvasculature or bleeding. 

Therefore, cleavage of UL-VWF multimers by ADAMTS13 needs to be regulated at the site of 

vascular injury and at a distant site from thrombin generation in order to control thrombus 
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formation. Although the exact control of ADAMTS13 activity in the circulation has not been fully 

elucidated, studies have shown the presence of certain factors can either enhance or inhibit the 

proteolytic activity of ADAMTS13 as discussed in 2.4.1 and 2.4.2 (Anderson et al. 2006; Crawley et 

al. 2005; Bernado et al. 2004; Studt et al. 2004). 

 

2.4.1. Factors that enhance the proteolytic activity of ADAMTS13 

The proteolytic processing of UL-VWF multimers occurs more rapidly in the microcirculation with 

high flow shear stress, such as in the arterioles and capillaries (Dong et al. 2005). Studies by 

Vincentelli et al. (2003) and Tsai, (2003) have shown that patients suffering from aortic stenosis 

demonstrated increased VWF proteolysis and reduced VWF multimeric sizes because of the 

increased fluid shear stress generated in the circulation. This reflected increased proteolytic activity 

of ADAMTS13, which correlates with increased fluid shear stress in in-vivo.  

Factor VIII (FVIII) has also been shown to enhance the proteolytic activity of ADAMTS13 under high 

shear stress. Although the mechanism in which this is achieved is not yet clear, it has been suggested 

that binding of FVIII to the D’D3 domain of VWF promotes conformational changes of the VWF 

multimers (Zheng, 2013; Shankaran and Neelamegham, 2004). FVIII may pull the VWF D’D3 domain 

away from the neighbouring A1 and A2 domains under shear, increasing the peak tensile force 

exerted on the A2 domain, enhancing its unfolding, which exposes the VWF A2 domain for cleavage 

by ADAMTS13 (Cao et al. 2008; Skipwith et al. 2010). However, the ability of FVIII to enhance 

cleavage of VWF by ADAMTS13 can be reversed by adding thrombin, which has been shown to 

inactivate ADAMTS13 (Zheng, 2013). The factors that enhance the proteolytic activity of ADAMTS13 

are summarised in Figure 2.9. 
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Figure 2.9: Summary of factors enhancing the proteolytic activity of ADAMTS13.  
The factors that regulate the proteolytic activity of ADAMTS13 at substrate level include factors on the surfaces of 
endothelial cells, where the constitutively secreted VWF are anchored, and in the microcirculation under high shear 
forces. Both FVIII and GPIbα binding on the VWF domains have synergic effects that enhance VWF proteolysis by 
ADAMTS13 under flow. Thrombin has an inhibitory influence. Calcium (Ca2+) and zinc (Zn2+) binding to ADAMTS13 also 
enhance the rate of proteolysis of VWF by ADAMTS13, while too high concentration of Zn2+ inhibit the proteiolytic 
activity of ADAMTS13.  

 

Interaction of GPIbα with the A1 domain of VWF also increases the proteolytic activity of ADAMTS13 

towards the VWF substrate under static or flow conditions (Skipwith et al. 2010; Chen et al. 2012; 

Shim et al. 2007). This interaction increases the ADAMTS13 access to the VWF A2 domain. Binding 

of platelets on each side of the VWF A2 domain scissile bond enhances the unfolding of the A2 

domain and enhances proteolysis by ADAMTS13 in a fashion similar to the action of FVIII (Nishio et 

al. 2004; Shankaran and Neelamegham, 2004). Without bound platelets, the A1 domain of VWF has 
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an inhibitory effect on cleavage by ADAMTS13 by stabilizing the native conformation of the A2 

domain and impairing the binding of ADAMTS13. However, when the A1 domain binds to GPIbα on 

the platelets, the digestion of VWF by ADAMTS13 is enhanced. Both FVIII and GPIbα binding to the 

VWF domains act synergically to enhance VWF proteolysis by ADAMTS13 under flow conditions 

(Skipwith et al. 2010).  

Metal ions such as calcium (Ca2+) and zinc (Zn2+) also enhance ADAMTS13 proteolysis of VWF. 

Studies have demonstrated that these metal ions cooperatively modulate the interaction between 

VWF and ADAMTS13 (Furlan et al. 1996; Tsai 1996; Tsai and Lian, 1998; Tsai et al. 1997). Even low 

concentrations (<3 nM) of Ca2+ and Zn2+ enhanced the proteolytic activity of ADAMTS13 by 

proximately ≈3 and ≈2 fold respectively and ≈6 fold in combination, suggesting a cooperative 

activation action. However, other studies showed that too high concentrations (>3 nM) of Zn2+ can 

inhibit the proteolytic activity of ADAMTS13 due to the formation of Zn(OH)+ that binds the catalytic 

Glu residue within its active site. Calcium, on the other hand, binds directly to residues in the MP 

domain to stimulate ADAMTS13 activity. The strong binding of Ca2+ to ADAMTS13 modulates the 

shape of the functional loop of ADAMTS13 (Gardner et al. 2009). When the Ca2+ ions are bound to 

the MP domain, conformational changes of the active site cleft take place to increase substrate 

recognition necessary for efficient proteolysis by ADAMTS13. Cleavage of VWF is therefore also 

dependent on conformational changes that require calcium binding on the ADAMTS13. Thus, the 

ability of ADAMTS13 to recognise and cleave VWF substrate is also dependent on the presence of 

its structural features (Tsai, 1996; Anderson et al. 2006). 

 

2.4.2. Factors that inhibit the proteolytic activity of ADAMTS13 

ADAMTS13 proteolytic activity is regulated by local coagulation proteinases namely; thrombin, FXa 

and plasmin at the site of vascular injury (Crawley et al. 2005). The factors that inhibit proteolysis 

activity of ADAMTS13 at the site of vascular injury are summerised in Figure 2.10. 
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Figure 2.10: Summary of factors inhibiting the proteolytic activity of ADAMTS13. 
Thrombin, FXa and plasmin inactivate the proteolytic activity of ADAMTS13 by digesting it into small non-functional 
fragments. Interleukin-6 (IL-6), interleukin-8 (IL-8) and tissue necrosis factor α (TNFα) secreted during an inflammatory 
response inhibit cleavage of UL-VWF multimers under flow, while increasing secretion of VWF from endothelial cells 
(ECs), which has the potential to overwhelm the available ADAMTS13 in the circulation. Activated neutrophils oxidizes 
the Met residues of ADAMTS13 resulting in inactivation of the proteolytic activity of ADAMTS13. Haemoglobin released 
from lysed erythrocytes trapped in platelet-rich thrombi in the circulation is also reported to inhibit ADAMTS13 
proteolytic activity by compromising Ca2+ and Zn2+ metal ions binding to ADAMTS13. 

 

During primary haemostasis, a break in the vascular wall initiates binding of VWF to the sub-

endothelial matrix (collagen) under flow. Once VWF is immobilized, unfolding of VWF is promoted 

by flow shear stress to expose an increased number of platelet/matrix binding sites. When platelets 

bind to VWF, they become activated and initiates glycoprotein IIa/IIIb receptor complex mediated 

platelet aggregation. Activated platelets also secrete phospholipids (phosphatidylserine) necessary 

for initiating a pro-coagulant response that leads to thrombin generation. At the same time, an 

injured vessel wall also brings plasma into contact with tissue factor (TF). Activated Factor VII (FVIIa) 

in the circulation binds to TF and forms TF-FVIIa complexes, which in turn activates Factor X (FX). 

Factor X (FX) in turn activates thrombin in the presence of factor V (FV). Thus, both the activated FX 

and FV form a complex that initiate thrombin generation. Thrombin further increases platelet 
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activation via the protease-activated receptor mechanism, resulting in the formation of a platelet 

plug, which enhances efficient thrombin generation. Plasmin is activated following initiation of the 

coagulation cascade and mediates fibrinolysis (Crawley et al. 2005; Collen, 1999). In short, thrombin 

released from the surfaces of platelets and TF-bearing cells triggers fibrin generation, since it cleaves 

fibrinogen at fibrino-peptides A and B, which assemble to eventually form a fibrin gel (Hantgan and 

Hermans, 1979; Weisel, 1986). This is followed by the release of plasminogen activators (tPA) 

embedded within fibrin, which in turn activates plasminogen to plasmin to effect fibrinolysis of the 

fibrin clots.  

During the initial stages of thrombin generation, platelet rich thrombi are composed entirely of 

plasma VWF on the outer surface with an inner core of platelet-derived thrombin, which acts as a 

core adhesive ligand (Matsui et al. 2002). The proteolytic action of the proteases, thrombin and FXa, 

inactivate the proteolytic activity of ADAMTS13 during clot formation at the site of vascular damage 

(Crawley et al. 2005). However, the rate at which FXa proteolyses ADAMTS13 is slower when 

compared to thrombin’s effect, which cleaves ADAMTS13 in a time- and concentration-dependent 

manner (Crawley et al. 2005). The ADAMTS13 fragments of different sizes were generated as 

detected by Western blotting, when recombinant ADAMTS13 was incubated with varying 

concentrations of human thrombin for different periods  of time (Crawley et al. 2005). This finding 

suggests that thrombin directly interacts with ADAMTS13 at different sites, including at thrombin 

exocite I, for cleavage. Once ADAMTS13 is cleaved by thrombin, it loses its ability to cleave VWF. 

Interesting, cofactors of thrombin, such as thrombomodulin and heparin, markedly inhibited the 

proteolysis of ADAMTS13 by thrombin (Crawley et al. 2005).  

Crawley et al. (2005) also demonstrated that plasmin cleaves ADAMTS13 at different sites, but the 

ADAMTS13 fragments generated by thrombin, FXa and plasmin were all similar in sizes, but not 

identical. This data suggests that these coagulation proteases cleave ADAMTS13 at different sites. 

However, ADAMTS13 digested by plasmin had the same proteolytic action on VWF as ADAMTS13 

fragments generated by thrombin. Plasmin is probably important in the modulation of ADAMTS13 

activity at sites of haemostatic plug formation, especially during tissue repair of a vessel as VWF 

plays an important role in tissue repair (Yau et al. 2015).  

The activity of ADAMTS13 is therefore closely regulated by the proteolytic action of thrombin, FXa 

and plasmin to allow effective thrombus formation at the site of injury. During haemostasis, the 

action of thrombin regulates ADAMTS13 activity prominently in platelet/VWF rich thrombi. Plasmin 

effects partial proteolysis of ADAMTS13, as it is activated slowly by a thrombin-dependent pathway 

to effect fibrinolysis of platelet-derived fibrinogen. Furthermore, plasmin cleaves and thereby 



25 
 

inactivates ADAMTS13 at lower concentrations compared to thrombin, which controls the extent 

and integrity of clot in an effort to maintain haemostsis (Feys et al. 2010).  

Other factors that can influence the interaction between ADAMTS13 and UL-VWF multimers include 

inflammatory leukocytes (Bernado et al. 2004) and products of haemolysis (Studt et al. 2004).  

Endothelial cells and leukocytes secrete pro-inflammatory cytokines, such as interleukin-6 (IL-6), 

interleukin-8 (IL-8) and tissue necrosis factor α (TNFα) during an inflammatory response (Wolff et 

al. 1998; Tousoulis et al. 2003; Esmon 2000; Hillyer et al. 2003; Lowe et al. 2003; Pudil et al. 2001; 

Ueda 1999). An in-vitro experimental study by Bernado et al. (2004), showed that only IL-8 and TNFα 

stimulate the release of new UL-VWF multimers from endothelial cells in a concentration-

dependent manner under flow. Interleukin 6 (IL-6) was shown to directly inhibit the proteolytic 

activity of ADAMTS13 on UL-VWF multimers under flow and under static condition, no cleavage of 

UL-VWF multimers was detected (Bernado et al. 2004). The exact mechanism by which IL-6 interacts 

with ADAMTS13 is still unknown but a study by Dong et al. (2003) suggested that IL-6 may impair 

docking of ADAMTS13 to the UL-VWF string under flow conditions.  

Neutrophils have also been shown to regulate the proteolytic activity of ADAMTS13 during 

inflammation (Wang et al. 2015). Activated neutrophils generate hypochlorous acid (HOCl), a potent 

oxidant, produced from hydrogen peroxide and chloride ions in a reaction catalysed by the heme-

containing enzyme myeloperoxidase (MPO). Hypochlorous acid (HOCl) oxidate key methionine 

residues to methionine sulfoxide in functional domains of ADAMTS13, thereby inhibiting its function  

(Fu et al. 2001; Wang et al. 2007; Taggart et al. 2000; Chen et al. 2010; Glaser et al. 1992). The Met 

residues at position 249 of ADAMTS13 is probably the most important in the proteolytic activity of 

ADAMTS13 as its function is to maintain the hydrophobic environment of the catalytic site (Bode et 

al. 1999). Chen et al. (2010) showed that HOCl also oxidizes VWF at Met1606, which is at the 

cleavage site of ADAMTS13, making the VWF substrate resistant to proteolytic ADAMTS13. In 

addition, it was also found that VWF became more adhesive as a result of oxidation of its methionine 

residues.  

A study by Ono et al. (2006) also showed that leukocyte elastase can inactivate ADAMTS13 by 

cleaving it into truncated forms and further demonstrated that these enzymes can hydrolyse UL-

VWF multimers at the ADAMTS13 cleaving site. These results indicate that inflammatory leukocytes 

contribute to prothrombic tendencies associated with reduced ADAMTS13 activity and increased 

VWF concentrations. Interleukin 8 (IL-8) and TNFα stimulate an increased secretion of UL-VWF 

multimers from endothelial cells, and IL-6 rapidly inhibit cleavage of new VWF by ADAMTS13 
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(Bernado et al. 2004), which can result in exhausting the ADAMTS13 capacity, which occurs in some 

cases of TTP such as HIV-associated TTP (Schwameis et al. 2015).  

High concentrations of haemoglobin have also been reported to inhibit ADAMTS13 activity under 

static conditions in congenital forms of TTP (Studt et al. 2004). Haemoglobin in plasma of patients 

with TTP originate from lysed erythrocytes trapped in platelet-rich thrombi in the circulation. Studt 

et al. (2004) showed that haemoglobin inactivation of ADAMTS13 is temperature-, time- and 

concentration dependent. The extent of the effect and pathophysiological role of free 

haemoglobulin in TTP is not clear, but studies indicate that metal ions Ca2+ and Zn2+, which are 

needed for ADAMTS13 activity, may become compromised by free haemoglobin, resulting in 

inhibition of ADAMTS13 activity (Furlan et al. 1996; Tsai, 1996). Inhibition of ADAMTS13 related to 

free haemoglobulin has been demonstrated in patients with intravascular haemolysis, haemolytic 

anaemias and incompatible erythrocyte transfusion (Pimstone, 1972). 

 

2.4.3. Endothelial dysfunction  

An intact vascular endothelium is crucial in maintaining the haemostatic balance. Endothelium is a 

dynamic system able to shift its anticoagulant/antithrombotic state to a 

procoagulant/prothrombotic state to promote healing mechanisms when necessary. The presence 

of perturbative factors such as, oxidative stress and infectious agents, such as HIV infection can 

cause impairment of the endothelium. Resulting in loss of thrombo-protection due to changes 

including increased expression of adhesive molecules on the endothelial surface.  

Activated endothelial cells (ECs) express phosphatidylserine on their cell membranes, which 

generated FVIIa-tissue factor (TF) complexes capable of generating thrombin thereby shifting the 

haemostatic balance to a pro-coagulant state. Thrombin activates more pro-coagulant factors such 

as platelets. The injured endothelium also secretes VWF and P-selectin molecules, which could 

potentially overwhelm the ADAMTS13 proteolytic capacity (Jackson, 2011).  

An inflamed endothelium also expresses other surface adhesion molecules such as inflammatory 

cytokines (TNFα, IL-1b), endothelial leukocyte adhesion molecules (ELAMs), integrins, cell adhesion 

molecules (CAMs), and fibrinogen αᵥβᶟ complexes (Furie and Furie, 2004; Albelda and Buck, 1990). 

Rolling and adhesion of platelets and inflammatory cells result in the accumulation of these cells at 

the site of injury with detachment of ECs and platelet deposition and microvascular thrombosis 

(Jackson, 2011). Inflammatory cytokines can therefore play a pathogenic role in TTP by effecting 
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secretion of UL-VWF multimers from endothelial cells and inhibiting the activity of ADAMTS13 

(Bernado et al. 2004).  

 

2.4.4. Microparticles (MPs) and ADAMTS13 

Microparticles (MPs) are cell fragments that are shed from activated cells in stressful conditions, 

such as cell injury, inflammation or apoptosis. Studies have shown that MPs down-regulate 

ADAMTS13 activity and promote microvascular thrombosis in TTP (Jimenez et al. 2005; Jimenez et 

al. 2001; Ahn et al. 1996). Activation of ECs and platelets occur in TTP due to thrombotic and 

inflammatory processes with subsequent release of MPs from platelets and ECs. Endothelial 

microparticles (EMPs) and platelets microparticles (PMP) can interact with platelets and leukocytes 

to further promote thrombotic events. 

Endothelial cell (EC) injury is implicated in the pathogenesis of acquired TTP and EMP levels are 

therefore elevated in TTP patients (Jimenez et al. 2005; Jimenez et al. 2003). The EMP and PMP with 

their leukocytes conjugates can be detected by flow cytometry using a combination of fluorescent-

labeled antibodies (Chirinos et al. 2005). The formation of EMPs is stimulated by TNF-α, 

inflammatory cytokines, thrombin, lipopolysaccharides and low shear stress (Leopold, 2013). During 

EC activation, released EMPs express many of the receptors of the parent cell including TF, which 

may trigger pro-thrombotic events as it is the main trigger of thrombin generation via the TF/FVIIa 

pathway. Furthermore, EMPs contain phosphatidylserines translocated from the inner to the outer 

leaflet of the EC membrane, which can support coagulation response by providing a catalytic surface 

for assembly of prothrombinase complexes (Ovanesov et al. 2005; Majumder et al. 2011). 

The EMPs interact with UL-VWF and promote VWF-dependent thrombosis in TTP (Jy et al. 2005). 

The EMPs containing VWF thus greatly induce platelets aggregates. They are capable of adsorbing 

additional VWF from plasma by providing extra binding sites for platelets. The EMP subsets also 

carry UL-VWF multimers, which down-regulate ADAMTS13 activity and enhance formation of 

platelet aggregates (Jimenez et al. 2005). In addition, the EMPs isolated from TTP plasma added to 

normal plasma inactivated ADAMTS13 in the plasma (Jimenez et al. 2005).  

EMP’s and PMP’s also interact with monocytes during inflammation to induce TF-dependent pro-

coagulant activity (Sabatier et al. 2002b). The PMP that shed off from aggregating platelets can in 

turn, cause platelet and EC activation through the transcellular delivery of arachidonic acid (Barry 

et al. 1998). Platelet microparticles (PMP’s) also provide a catalytic phospholipid surface for 

assembly of prothrombinase complexes (Sims et al. 2001). In addition, PMP’s can bind and activate 
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neutrophils and monocytes in vitro (Jy et al. 2002b). A strong correlation between aCD11b 

expression in leukocytes and platelet-leukocyte conjugates has been found in venous 

thromboembolism (Chirinos et al. 2005). Thus platelet adhesion to leukocytes upregulates 

leukocyte activation and is a pathogenic link between thrombosis to inflammation in vivo (Sabatier 

et al. 2002b; Jy et al. 2002b). The release of EMPs, PMP’s and their interactions with leukocytes can 

therefore amplify thrombotic events, although further research in this regard is needed.  

 

2.5. Deficiency of ADAMTS13 

Severe deficiency of ADAMTS13 activity and increased UL-VWF in plasma are risk factors for the 

development of TTP due to the accumulation of UL-VWF multimers in plasma with the formation of 

disseminated platelet-rich microvascular thrombi (Zheng et al. 2015). Clinically, TTP is characterized 

by the presence of microangiopathic haemolytic anaemia, thrombocytopenia, fluctuating 

neurological abnormalities, renal dysfunction, and fever with or without end organ damage (Cruccu 

et al. 1994). TTP can either relate to (1) congenital ADAMTS13 deficiency, or (2) acquired ADAMTS13 

deficiency of <10%. 

 

2.5.1. Congenital ADAMTS13 deficiency (cTTP) 

To date, over 150 mutations have been identified in the variable regions of ADAMTS13 domains in 

congenital TTP (cTTP) patients, Figure 2.11 (Joly et al. 2017; Lancellotti et al. 2013; Levy et al. 2011). 

These mutations are spread throughout the ADAMTS13 gene, resulting in frameshifts or deletions, 

missense and nonsense mutations. Disease causing mutations can result in secretion of a 

dysfunctional ADAMTS13 protein or proteolytic inactive ADAMTS13, or reduced secretion of 

ADAMTS13 (Kokame et al. 2002; Studt et al. 2004; Veyradier et al. 2004). Congenital TTP (cTTP) 

causes severe deficiency of ADAMTS13, which is present without any ADAMTS13 autoantibodies. 

Experimental studies have indicated that mutations in the non-catalytic domains (DTCS) or even 

complete absence of these domains can greatly affect the proteolytic activity of ADAMTS13 and 

substrate recognition (De Groot et al. 2009; Gao et al. 2008; Ai et al. 2005). While, mutations in the 

TSP1 repeats and CUB domains have shown to affect the proteolytic activity of ADAMTS13 towards 

VWF under flow conditions (Apte, 2009; Turner et al. 2009; Ai et al. 2005; Vomund and Majerus, 

2009). Mutations in the CUB domains alone were shown to inhibit the proteolytic activity of 

ADAMTS13 under flow and not static conditions (Tao et al. 2005; de Maeyer et al. 2010; Jin et al. 

2009). 
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Figure 2.11: Locations of mutations in variable regions of ADATMS13 gene in patients with c TTP (Lancellotti 
et al. 2013). The nonsense mutations are highlighted in red, and SNP’s in green. Below the domain structure of 
ADAMTS13 are splice mutations of ADAMTS13 mRNA and frameshift mutations. The two most common mutations 
(R1060W and 4143dupA) are underlined in red. 
 

Although cTTP-causing mutations can present from early childhood, most female patients with cTTP 

causing mutations present during pregnancy (Alwan et al. 2019; Scully et al. 2014). Recently, two 

recurring mutations have been identified as significant for their characteristic presentation in cTTP. 

The first being a missense mutation (rs142572218) at exon 24 R1060W, which manifests in female 

patients during pregnancy (Camilleri et al. 2008; Scully et al. 2014). The second mutation is located 

at exon 29 c.4143dupA and results in a frameshift mutation (rs387906343). This mutation has been 

shown to be more prevalent in the central European and Norway population (von Krogh et al. 2016; 

Schneppenheim et al. 2006).  

In a recent observational study by Alwan et al. (2019), 73 confirmed cTTP cases from the UK-registry 

were collected over 15 years and retrospectively analysed. Seventy percent (70%) of cTTP patients 

were females and had underlying missense mutation associated with late disease onset, usually 

during pregnancy. Approximately 64% had heterozygous mutations and 34% were affected by 

homozygous mutations. Alwan et al. (2019) reported that patients with cTTP due to mutations of 

the ADAMTS13 gene just before the Spacer domain (pre-Spacer mutations) had earlier 

presentations and more severe form of TTP compared to patients with mutatuion after the Spacer 

domain (post-Spacer mutations). Additional studies of site-directed mutagenesis and phenotypic 

expression are however indicated.  
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Patients with cTTP with either homozygous or double heterozygous mutations of the ADAMTS13 

gene present with severe deficiency of ADAMTS13 (Scully et al. 2014). About 90% of homozygous 

individuals present with TTP phenotype and heterozygous individuals usually have ADAMTS13 

activity levels ranging from 40% -70% of normal and may not have phenotypic expression of TTP.  

 

2.5.2. Acquired ADAMTS13 deficiency 

Acquired ADAMTS13 deficiency is often associated with a severe ADAMTS13 activity level of ≤10% 

and the presence of antibodies to ADAMTS13 in more than 90% of cases (Scully et al. 2008; Rieger 

et al. 2005; Tsai and Lian, 1998). Severe deficiency of ADAMTS13 occurs mostly in patients with 

idiopathic TTP and the pathogenesis relates to ADAMTS13 autoantibodies, which are inhibitory in 

upto 95% of the cases (Sadler et al. 2008; Klaus et al. 2004; Soejima et al. 2003; Coppo et al. 2004; 

Tsai and Lian 1998; Tsai et al. 2001; Zheng et al. 2004).  

Most pathogenic autoantibodies to ADAMTS13 in acquired TTP are of the IgG class and, less 

frequently, of the IgM/IgA class (Tsai and Lian, 1998; Scheiflinger et al. 2003; Ferrari et al. 2007). 

Two main mechanisms of autoantibody-mediated ADAMTS13 deficiency have been identified in 

acquired TTP. ADAMTS13 autoantibodies inhibiting (neutralizing) ADAMTS13’s activity towards 

VWF and non-inhibitory autoantibodies which promote increased clearance of ADAMTS13 in the 

circulation by forming immune complexes (Thomas et al. 2015; Scheiflinger et al. 2003; Rieger et al. 

2005). Since most of acquired idiopathic TTP patients present with decreased ADAMTS13 antigen 

levels. It is possible that autoantibody-mediated ADAMTS13 depletion is the dominant pathogenic 

mechanism underlying severe acquired ADAMTS13 deficiency and both inhibitory and non-

inhibitory autoantibodies can result in ADAMTS13 depletion or clearance (Shelat et al. 2006). Not 

all acquired TTP patients have inhibitory autoantibodies to ADAMTS13 as 30-50% of acquired TTP 

patients present with non-inhibitory autoantibodies (Ludwig et al. 2017; Thomas et al. 2015; 

Scheiflinger et al. 2003).  

As mentioned above, the majority of acquired TTP patients have IgG autoantibodies to ADAMTS13 

with/without associated IgM and IgA autoantibodies (Rieger et al. 2005; Ferrari et al. 2007; 

Scheiflinger et al. 2003). The biological function of the IgG/IgA/IgM antibodies is determined by their 

specificity, affinity and subclass distribution, which results in different immunologic effects. The 

different immunoglobulin classes are associated with different pathogenic mechanisms. All IgG 

subclasses (IgG1, IgG2, IgG3, and IgG4) have been detected in patients with acquired TTP, and 

probably inhibiting ADAMTS13 activity. The IgG4 is the most prevalent subclass and is detected in 

90% of patients with acquired TTP patients, followed by IgG1 in 52%, IgG2 in 50% and IgG3 in 33% 
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(Ferrari et al. 2009; McDonald et al. 2009; Ferrari et al. 2007). The pathogenicity of IgG4 

autoantibody is associated with blocking ADAMTS13 enzymatic activity leading to VWF 

accumulation and microvascular thrombosis (Sinkovits et al. 2018).  

High levels of free circulating IgG4 autoantibodies is associated with relapses in acquired TTP 

patients (Ferrari et al. 2007). It has been suggested that IgG subclasses and IgM autoantibodies 

increase complement activation, which promotes clearance of ADAMTS13 protein from the 

circulation (Scheiflinger et al. 2003; Schaller et al. 2014). The prognostic value of IgA autoantibodies 

has not been delineated but are always detected in combination with IgG/IgM autoantibodies.  High 

levels of IgA autoantibodies in combination with other immunoglobulins was described in 3 patients 

with acute idiopathic TTP (Ferrari et al. 2007).  (Ferrari et al. 2007).   

Monitoring ADAMTS13 autoantibody titres may also be of clinical importance in acquired TTP as 

levels may correlate with the severity of the disease. Ferrari et al. (2007) monitored levels of 

inhibitory ADAMTS13 autoantibody in 32 patients presenting with relapsing-remitting acute 

idiopathic TTP and found that eighty-nine (89%) percent of these patients presented with inhibitory 

ADAMTS13 autoantibodies, while 94% presented with high ADAMTS13 IgG/IgM/IgA autoantibodies 

titres. High titers of inhibitory ADAMTS13 autoantibodies with undetectable ADAMTS13 levels 

persisted in patients who relapsed. High autoantibody titres have also been associated with delayed 

response to plasma exchange therapy and early death, suggesting the presence of refractory 

autoantibodies (Coppo et al. 2010; Ferrari et al. 2007; Tsai, 2000). These results were consistent 

with findings of similar studies (Igari et al. 2012; Page et al. 2017; Tsai and Li, 2001). These results 

also indicate that ADAMTS13 autoantibody detection is therefore a potentially useful tool in 

monitoring the risk TTP relapse in patients with acquired TTP. 

Studies using animal models have investigated the significance of inhibitory autoantibodies to 

ADAMTS13. Feys et al. (2010) were able to induce early stage TTP in a baboon model by injecting 

healthy animals with murine monoclonal antibody against the metalloprotease, which resulted in 

severe ADAMTS13 deficiency of < 5%. Inhibitory antibodies against the TSP1-2 domain administered 

in healthy control animals had no effect on ADAMTS13 activity. Another study explored the 

pathogenicity of single chain variable fragments (scFv) derived from IgG ADAMTS13 autoantibody 

cloned from a TTP patient to induce acquired TTP in mice (Ostertag et al. 2016). In their results, mice 

that received naked DNA encoding human anti-ADAMTS13 scFv developed sustained full inhibition 

of ADAMTS13 activity and increased UL-VWF multimer concentrations. These animal studies 

highlighted the significant contribution of ADAMTS13 autoantibodies to the pathogenesis of 

acquired TTP. 
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2.5.2.1. Loss of immune tolerance in acquired TTP 

Under normal conditions, the immune system is able to recognise antigens expressed by invading 

pathogens, while ignoring self-antigens through the mechanisms of immune tolerance, which is the   

ability of the immune system to become unresponsive to autoreactive lymphocytes thus preventing  

damage to host cell tissues (Janeway et al. 2001). In other words the immune system is able to 

identify and eliminate lymphocytes that are autoreactive and preserves those that will respond to 

invading foreign pathogens. Failure of immunologic tolerance of self because of genetic and 

environmental factors can results in autoimmunity. Autoimmune responses arise from recognition 

of self-antigens by low affinity autoreactive T-cells that have escaped negative selection in the 

thymus as well as medium/low affinity autoreactive B cells that enter the peripheral circulation. The 

activation of autoreactive B-cells to self-antigens in the periphery is dependent on T-cell activation 

(discussed in the sub-sections 2.5.2.1.1 and 2.5.2.1.2 below). 

 

2.5.2.1.1. T-cell tolerance 

The T-lymphocytes originate in the bone marrow and mature in the thymus and express T-cell 

receptors (TCRs) which are antigen specific. In the thymus, T-cells rearrange their TCR genes to 

express a vast variety of TCRs with wide antigen specificity. The fate of developing immature T-cells 

depends on their interactions with self-antigen peptides presented on major histocompatibility 

complex (MHC) class II molecules of dendritic cells. Dendritic cells are the most important antigen-

presenting cells during T-cell priming (Yewdall et al. 2010) and provide co-stimulatory signals that 

complete the immune activation process. Autoreactive immature T-cells that bind with strong 

affinity to self-antigens are selected for programmed cell death (apoptosis). Autoreactive immature 

T-cells that bind self-antigen on MHC II with low affinity undergo a positive selection and can escape 

into the periphery. In the peripheral tolerance system, the escaped autoreactive T-cell either 

undergo apoptosis (peripheral clonal deletion) or survive but remain inactivated if the necessary 

signals for activation are not present (anergy).   

Mechanisms that lead to loss of immune tolerance to ADAMTS13 in acquired TTP have been 

suggested in the literature (Kremer Hovinga et al. 2018). Activation of ADAMTS13-specific CD4+ T-

cells requires recognition of ADAMTS13 peptides bound to HLA molecules of antigen presenting 

cells. Human leukocyte antigen (HLA) molecules encoded in MHC class II are important for 

recognition and presentation of peptides to T-cells. As such, HLA molecules have been implicated 

as predisposing factors to the development of autoimmune diseases including immune mediated 

TTP (Studt et al. 2004; Joseph et al. 1994). There is an increased frequency of HLA-DRB1*11, HLA-
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DQB1*03 and HLA-DQB1*0503 genotypes in Caucasian patients with acquired TTP (Scully et al. 

2010; Coppo et al. 2010; Mancini et al. 2016). Mancini et al. (2016) also documented the presence 

of a single nucleotide polymorphism (rs6903608) located in the HLA-DRB9 locus immunochip 

analysis and suggested that it predisposes to occurence of acquired TTP. The presence of HLA-DRB4 

is thought to be protective against acquired TTP (Scully et al. 2010; Coppo et al. 2010). Another 

potential mechanism for the development of autoimmunity relates to differences in the stability of 

HLA-DQ proteins with instability predisposing to the escape of potentially autoreactive T-cells from 

negative selection in the thymus (Miyadera et al. 2015). 

 

2.5.2.1.2. B-cell tolerance  

B-cell tolerance, which screen against autoreactive B-cells, begins in the bone marrow with the 

elimination of developing B-lymphocytes that display strong binding affinities to self-antigens.           

B-cells are capable of re-arranging their immunoglobulin genes termed receptor editing (Yewdall et 

al. 2010). During this process, B-cells with high affinity binding to self-antigens generate an 

intracellular signal, which results in rearrangement of light chain immunoglobulin genes and the 

self-reactive light chain sequence is deleted and then replaced by a new one. The B-cell matures if 

the new light chain sequence is non-reactive. If the new light chain is still reactive, further light chain 

re-arrangement will be attempted until no new combinations are available but the B-cell undergoes 

programmed cell death (apoptosis) or anergy (permanent state of unresponsiveness to antigen) if a 

suitably non-reactive sequence is not achieved. Anergic B-cells can enter the circulation where they 

survive for few days and then undergo apoptosis. Autoreactive B-cells that have low or medium 

binding affinity to self-antigen may survive in the circulation (Tiller et al. 2007; Wardemann et al. 

2003). Low affinity binding autoantibodies are poly-reactive and can recognise self-antigens as well 

as pathogen derived antigens (Wardemann et al. 2003).  

Not all autoantibodies are pathogenic and polyclonal IgM and IgG autoantibodies can sometimes 

protect against autoimmunity (Mannoor et al. 2013; Nimmerjahn et al. 2008). Studies suggest that 

pathogenicity of autoantibodies dependents on the extent of glycosylation/sialylation patterns of 

the Fc region since it affects immunoglobulin-effector cell binding but the control of these processes 

is poorly understood (Strait et al. 2015; Böhm et al. 2014; Goulabchand et al. 2014). Polyclonal IgG 

can exhibit anti-inflammatory or pro-inflammatory mechanisms determined by the degree of 

glycosylation/sialylation of the Fc region (Anthony and Ravetch, 2010). IgG Fc receptors that 

mediate activating signals include FcγRI (CD64), FcγRIIIA (CD16a) and FcγRIIIB (CD16b), and 

inhibitory Fc receptors include FcγRIIA and FcγRIIB (CD32). Hess et al. (2013), demontrstrated that 
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poorly sialylated IgGs that were generated in a T-cell dependent process in mice were pro-

inflammatory compared to IgG derived in a T-independent immune reaction that were highly 

sialylated. Furthermore, the degree of antibody sialylation was also regulated by interactions of B-

cells with CD4+T-cells (McHeyzer-Williams et al. 2009).  

Antigen presentation by B-cells promotes expansion of activated T-cell clones with effector 

functions (Crawford et al. 2006; Barr et al. 2010; Barr et al. 2012). In turn, T-cells alter the type of 

antibody produced to a different isotype, which suggests that B- and T-cell interactions play a crucial 

role in modulating glycosylation patterns as well as autoantibody pathogenicity. Ludwig et al. (2017) 

argues that, once autoantibodies production has started, it is maintained by ongoing activation of 

autoreactive B-cells and, ultimately plasma cells, with ongoing autoantibody production. 

 

2.5.2.2. ADAMTS13 antigen presentation to CD4+ T-cell  

Antigen presentation by dendritic cells to CD4+ T-cells occurs in the lymphoid tissues and peripheral 

organs. ADAMTS13 is endocytosed by dendritic cells via the macrophage mannose receptor and 

peptide antigens are presented on the HLA molecules of MHC class II of these cells (Sorvillo et al. 

2012). The MHC class II/ADAMTS13 peptide complexes on dendritic cells recognise and bind low 

affinity autoreactive CD4+T-cell receptors. In turn, the recognition receptors CD80/CD40 and 

CD40/CD40L are triggered to promote proliferation and differentiation of autoimmune lymphocytes 

through co-stimulatory binding signals. The activated autoreactive CD4+ T cells will then secrete 

cytokines to stimulate autoreactive B cells activation, resulting in the production of ADAMTS13-

specific autoantibodies.  

Hrdinová et al. (2018), described these events in Figure 2:12, as well as the recently identified 

ADAMTS13 peptide sequences, which preferentially bind to risk-associated HLA alleles of MHC class 

II and results in acquired TTP (Sorvillo et al. 2012; Verbij et al. 2016). The ADAMTS13 peptide 

sequence FINVAPHAR preferentially bind MHC class II of healthy individuals and TTP patients who 

are positive for the HLA-DRB1*11 allele. While healthy individuals and TTP patients who are positive 

for the HLA-DQB1*03 allele had preferential binding properties to peptide sequence 

ASYILIRDTHSLR. Both these peptide sequences are derived from the C-terminal CUB2 domain of 

ADAMTS13. These investigations suggest that autoreactive T-cell receptors that recognise and binds 

CUB2 domain peptides may potentially be involved in the pathophysiology of acquired TTP. 

In a separate study, Hrdinová et al. (2018) also identified additional ADAMTS13 peptide sequences 

from the Metalloprotease domain, TSP1 repeats and Cysteine-rich/Spacer domains with 
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preferential binding to HLA-DQ and HLA-DR alleles using mass spectrometry analysis. The four novel 

ADAMTS13 peptide sequences identified on the HLA-DQ alleles belonged to the Cysteine-rich 

domain (WGAAVPHSQ and LDGTRCMPS), TSP1-2 (NYSCLDQARKELVETVQCQ) and CUB1 domain 

(QADCAVAIGRPLG). The ADAMTS13/CUB1 peptide sequence was also identified in both HLA-DR and 

HLA-DQ alleles. Studies to determine whether the novel peptides identified on HLA-DQ may 

potentially trigger the events that leads to the initial onset of acquired TTP are still to follow. 

 

 
Figure 2:12. Schematic presentation of the onset of immune-mediated TTP (Hrdinová et al. 2018).  
Dendritic cell endocytose ADAMTS13, process it to peptides, which are presented on MHC class II. ADAMTS13-derived 
peptides ASYILIRD and FINVAPHAR are presented on HLA-DRB1*03 and HLA-DRB1*1101 respectively. In the presence 
of specific autoreactive CD4+ T-cells, the complex MHC-II/peptide will be recognised by TCR, which will cause activation 
of the CD4+ T-cell, which interacts with autoreactive B-cell facilitating the production of ADAMTS13-specific 
autoantibodies.    

 

2.5.2.3. ADAMTS13-antibody Immune complexes   

Binding of autoantibodies to ADAMTS13 results in the formation of immune complexes, which are 

proinflammatory, promoting tissue damage and autoimmune disease processes (Toong et al. 2011; 

Weissmann et al. 2009). The prevalence of circulating autoantibody/ADAMTS13 immune complexes 

has been detected in patients with acquired TTP and their persistence over time (Ferarri et al. 2014; 

Lotta et al. 2014). However, the role of these circulating immune complexes in the pathophysiology 

of TTP has not been conclusively determined.  

In a large cohort of 68 patients presenting with acute TTP, Ferrari et al. (2014), detected ADAMTS13-

specific immune complexes in 97% of patients using immunoprecipitation and these persisted in 
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93% of patients during remission of TTP despite normal ADAMTS13 antigen levels and activity. 

Immunoglobuli G4 (IgG4) was the most prevalent ADAMTS13/antibody immune complexes 

detected in both situations. The presence of free circulating IgG4 ADAMTS13 autoantibodies was 

associated with relapses but the utility of IgG4/ADAMTS13 immune complexes to predict relapses 

has not been established. 

Another study by Lotta et al. (2014), also measured the prevalence of circulating ADAMTS13 

immune complexes in 55 patients presenting with acute TTP with a novel ELISA. Circulating 

ADAMTS13-specific immune complexes was detected in 47% of patients with severe ADAMTS13 

antigen and activity levels, presenting with ADAMTS13 autoantibodies compared to 37% of patients 

with no ADAMTS13 autoantibodies. The authors also found that patients with increasing levels of 

circulating ADAMTS13-specific immune complexes required a higher number of plasma exchange 

procedures to attain remission. This observation justifies the need to determine the prognostic 

relevance of these immune complexes and their role in the pathophysiology of TTP.  

 

2.5.2.4. Epitope mapping studies 

The autoantibody response in acquired TTP is polyclonal with varying sizes of target epitopes on the 

ADAMTS13 domains. Epitope mapping is a process of identifying the antigenic peptide sequences 

responsible for eliciting an immune response by antibodies (Onoue et al. 1965). Epitope 

identification requires a systematic screening of the whole antigen, using serologic screening 

techniques. A number of serological approaches have been used for epitope mapping studies, which 

include Western blot (Chou et al. 2005), phage display (Böttger and Böttger, 2009), microarrays 

(Fritzen et al. 2018), immunofluorescence (Kong et al. 2016), radioimmunoassay and ELISA (Reineke, 

2009) techniques. Identifying antigenic determinants can assist in profiling changing humoral 

immune responses of individual patients during disease progression and/ or monitor therapeutic 

interventions. Epitope mapping can also provide important information for targeted therapy 

development.  

Limited epitope mapping studies have revealed autoantibody binding to different ADAMTS13 

domains using different techniques, Table 2.1. The ADAMTS13 Spacer domain has epitopic residues 

to ADAMTS13 IgG autoantibodies in 90-100% of acquired TTP cases (Luken et al. 2005; Klaus et al. 

2004; Soejima et al. 2003; Zheng et al. 2010). The IgG autoantibodies cloned from plasma of patients 

with acquired TTP were shown to exert an inhibitory effect on recombinant ADAMTS13 Cysteine-

rich and Spacer domain fragments in in-vitro studies (Luken et al. 2005; Klaus et al. 2004; Soejima 

et al. 2003). Another study utilised single chain variable fragments (ScFv’s) derived from inhibitory 
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IgG cloned from a patient with acquired TTP on remission (Ostertag et al. 2016). Epitope mapping 

revealed that the Cysteine-rich/Spacer fragments were constantly inhibited by these 

autoantibodies. The remaining ADAMTS13 fragments did not react with the inhibitory IgG ScFv’s. 

However, other non-inhibitory subsets of 23 IgG ScFv with different genetic background reacted 

with ADAMTS13 fragments including the Cysteine-rich/Spacer domain fragment, which indicates 

that not all IgG autoantibodies reacting with Cysteine-rich/Spacer domains are inhibitory.  

Luken et al. (2006) further showed that purified inhibitory ADAMTS13 autoantibodies target specific 

epitopic residues at position 572-579 and 657-666 of the Spacer domain. Another study detected 

additional antigenic residues in the Spacer domain at position 636, 637, 639 and 640 to a human 

monoclonal antibody fragment isolated from a TTP patient (Casina et al. 2015). Subsequent studies 

demonstrated that residues at position 568 and 592, 658-665 as well 662 and 687 of the ADAMTS13-

Spacer domain are targeted by purified mAb and pAb IgG cloned from patients with acquired TTP 

and influenced recognition, binding and cleavage efficiency of ADAMTS13 to substrate VWF 

(Yamaguchi et al. 2011; Pos et al. 2011). Considering the important role of the Spacer domain in 

providing high-affinity binding of ADAMTS13 at positions 658-666 to VWF substrate at position 

1660-1668. The major antigenic determinants identified in the Spacer domain may contribute to 

acquired decreased ADAMTS13 activity.  

Thomas et al. (2015) showed that not all IgG autoantibodies detected in acquired TTP patients are 

inhibitory against the ADAMTS13 domains. The non-inhibitory antibodies directed against the 

Spacer domains were cloned from patients with acquired TTP and their activity analysed using 

recombinant ADAMTS13 fragments purified from mammalian cells with Fluorescence Resonance 

Energy Transfer (FRETS) assay. The results indicated a decreased ADAMTS13 activity, suggesting that 

the presence of non-neutralizing autoantibodies also affected the activity of ADAMTS13 in the 

circulation in vivo. These findings supported the results of Scheiflinger et al. (2003), that 

demonstrated that non-neutralizing autoantibodies influenced the half-life of ADAMTS13 leading to 

decreased ADAMTS13 activity. Both studies suggest that non-neutralizing autoantibodies may be 

the primary pathogenic autoantibodies in most acquired TTP cases.  

Patients with acquired TTP may also have autoantibodies, which bind to additional domains of 

ADAMTS13. One study found that 56% of patients with acquired TTP had IgG autoantibodies which 

reacted to the Met – TSP1-1 domains and 64% reacted with the CUB domains (Klaus et al. (2004). 

They also detected autoantibody binding to the propeptide residues in 20% of acquired TTP patients 

using western blotting. In another study by Luken et al. (2005), IgG autoantibodies derived from 

acquired TTP patients did not bind to the propeptide fragment in all test plasmas. The propeptide 
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functions solely to transport ADAMTS13 protein in the circulation and autoantibodies binding to the 

propeptide region may not be pathogenic (Majerus et al. 2003).  

Autoantibodies binding to the Met/Dis/TSP1-1 domains may interfere with the catalytic activity of 

ADAMTS13, although further investigations are required. The TSP1-1 is reported as the most 

antigenic domain following the Cysteine-rich/Spacer and CUB domains (Luken et al. 2005; Klaus et 

al. 2004; Soejima et al. 2003). Autoantibodies binding to TSP1-1 may interfere with ADAMTS13-

endothelial cell surface interactions via CD36 as well with VWF. The remaining TSP1 2-8 repeats of 

ADAMTS13 have been shown to be less reactive to autoantibodies (Zheng et al. 2010; Klaus et al. 

2004; Pos et al. 2011).  

The C-terminal TSP1 5-8 and CUB domains mediate protein-to-protein interactions and bind 

ADAMTS13 to VWF (Feys et al. 2009). In addition, the CUB domains have a regulatory role towards 

the activity of ADAMTS13 by interacting with the Spacer domain in the circulation (Apte, 2009). 

Thus, autoantibodies binding to the CUB domains might interfere with the ability of ADAMTS13 to 

bind to VWF thus compromising its proteolytic activity. Although the CUB domains are considered 

dispensable under flow conditions, the significance of the presence of autoantibodies binding to 

these domains is yet to be determined. It is however, suggested that autoantibodies targeting the 

C-terminal domains could promote the formation of immune complexes that lead to clearance of 

ADAMTS13 in the circulation (Ostertag et al. 2016). Whether the deposition of these immune 

complexes on tissues also contribute to the pathophysiology of acquired TTP, remains to be 

determined. 

It is interesting to note that Grillberger et al. (2014) found that about 5% of healthy individuals had 

IgG autoantibodies to ADAMTS13, which shared linear epitopes with those found in acquired TTP 

patients. However, these autoantibodies were non-inhibitory and had low affinity binding to the 

ADAMTS13. Whether or not non-pathogenic anti-ADAMTS13 antibodies predispose to the 

development of acquired TTP and the circumstances leading to pathogenic transformation are not 

clear.  

The results of epitope mapping studies of full length ADAMTS13 and individual ADAMTS13 domain 

fragments with autoantibodies cloned from patients with acquired TTP using different methods are 

summerised in Table 2.1. Although there are discrepancies in autoantibody binding to other 

ADAMTS13 domains, the Spacer domain has constantly been identified as being the most antigenic 

domain and, is also critical in ADAMTS13-VWF proteolytic activity. 
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Table 2.1: A summary of IgG autoantibody-ADAMTS13 epitope mapping studies.  

Study No. of 
acquired 

TTP patients 
Ig cloned  

Source of 
ADAMTS13 

protein 
expression 

Epitope mapping 
Method 

ADAMTS13 
domains 
analysed 

 

Results of 
autoantibody 

Reactivity 

Soejima et 
al. 2003 

3 acquired 
TTP patients  

Mammalian 
HeLa cell 
line. 

Purified Inhibitory IgG 
autoantibodies. Western 
blotting. 

C/S 3/3 

Klaus et al. 
2004 

25 acute 
idiopathic 
TTP patients  

E.coli phage 
display 
library 

IgG clones. 
Western blotting. 

Propeptide 
M/D/T1 
TSP1-1 
C/S 
T2-8 
CUB1-2 

5/25 
14/25 
14/25 
25/25 
7/25 
16/25 

Luken et al. 
2006 

1 acquired 
TTP patient 
on remission 

High five 
Insect cells  

V-gene phage display 
libraries of B cell clone 
IgG mAb. 
Immunoprecipitation.  

D/T 
S 

1 mAB 
3 mAb 

Zheng et al. 
2010 

67 idiopathic 
TTP 
patients. 

Mammalian 
HEK 293 
cells 

Cloned IgG 
autoantibodies. 
Immunoprecipitation 
and Western blotting. 

M/D/T1 
M/D/T/C/S 
T 2-8 
T 2-8/CUB1-2 

8/67 
65/67 
24/67 
31/67 

Yamaguchi 
et al. 2011 

13 acquired 
TTP 
patients, 2 
patients 
failed. 

E.coli phage 
display 
library 

Immobilized IgG 
autoantibodies and 
ADAMTS13 phage library 
in solution. 

Signal/Propetide  
M 
D 
T1 
C 
S 
T2-8 
C1-2 

2/11 
5/11 
2/11 
1/11 
2/11 
7/11 
7/11 
1/11 

Thomas et 
al. 2015 

92 acquired 
TTP patients 

Mammalian 
HEK293 cells  

Purified IgG 
autoantibodies. 
ELISA-based assays. 

M/D/T/C/S 
TSP1 2-8 
CUB1-2 

89/92 
26/92 
28/92 

Ostertag et 
al. 2016 

4 acquired 
TTP patient. 

Mammalian 
HEK 293 
cells 

Inhibitory soluble 23-
scFv mAb IgG clones. 
Immunoprecipitation, 
and Western blotting,  

M/D/T1 
M/D/T/C/S 
T 2-8 
T 2-8/CUB1-2 

1/23 
15/23 
3/23 
9/23 

 

 

The ADAMTS13 domains targeted by autoantibodies in HIV related and other causes of secondary 

TTP have also not been determined. HIV-associated TTP in patients with low CD4+ T-cell counts of   

<200 mm3 and high viral loads is associated with increased incidence of autoantibody, which 

contribute to the pathophysiology of TTP in HIV-infected patients. The current study aims to 

determine whether the Spacer domain is particularly immunogenic in patients with HIV-associated 

TTP and whether there is linearity of epitopes between idiopathic and HIV-associated TTP patients.   

The binding of antibodies to an antigen is referred to as B cell mapping. B-cell epitopes are classified 

as either conformational (discontinuous) or non-conformational (linear). Non-conformational B-cell 



40 
 

epitopes typically comprise on average 15-20 residues derived from discontinuous segments of the 

antigen through folding to produce a linear, contiguous surface that is recognised by an antibody 

(Kringelum et al. 2013; Van Regenmortel, 2009). The characteristics of epitope areas have been 

described in previous studies. According to Kringelum et al. (2013), an average epitope size is ~10 - 

25 amino acid residues long with a linear stretch of 5 or more residues constituting more than half 

of the epitope size in 85% of epitopes. Epitopes are also more surface exposed, suggesting they 

protrude from the antigen surface than the remaining antigen (Andersen et al. 2006; Rubinstein et 

al. 2008).  

Peptide libraries have successfully been used to identify epitopes in antigen-antibody interactions 

(Böttger and Böttger A. 2009; Slootstra et al. 1996; Blake and Litzi-Davis, 1992). Synthetic soluble 

overlapping peptide libraries are used for identifying antibody epitopes by scanning the entire 

sequence of a protein in its primary structure (Reineke, 2009; Pinilla et al. 1994; Houghten et al. 

1991). Peptide library is a systematic combination of a large number of different peptides that 

display multiple short (10 – 30 amino acids), linear peptide fragments in parallel to deduce specific 

epitopes (Liu et al. 2003). A series of short overlapping peptide fragments synthesized from an 

antigen usually detects for linear epitopes (Heuzenroeder, 2009). Peptide library also provide a rapid 

and cost-effective solution for a variety of applications in proteomics, including epitope-mapping 

studies. Peptide libraries can be efficiently synthesized, producing many peptide sequences that can 

be used for binding assays. Antigenic peptides can be screened following the addition of specific 

test antibody, of which binding can be monitored using both qualitative and quantitative methods, 

such as in Enzyme-linked immunosorbent assay (ELISA) (Heuzenroeder, 2009). 

 

2.5.3. Subtypes of TTP 

Acquired TTP is more common than inherited TTP (Scully et al. 2017) occurring more frequently in 

females between the ages of 30 - 40 years (Terrell et al. 2010). According to the UK- and USA TTP-

HUS registry data, the black (African) population is more affected than other races (Reese et al. 

2013; Terrell et al. 2010; Scully et al. 2008). The majority of acquired TTP cases are idiopathic but 

secondary causes include pregnancy, infections with for example HIV, drug exposure, malignancy, 

cell or tissue transplantation, and, the recently observed, pancreatic-associated TTP (Scully et al. 

2014).  

Pregnancy-associated TTP accounts for 12-31% of all secondary TTP cases and ~90% of women with 

congenital and ~40% with previous acquired TTP will relapse during pregannacy which relates to the 
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decreased ADAMTS13 activity associated with pregnancy (Scully et al. 2012; Vesely et al. 2004; 

Alwan et al. 2019).  Proteins found in the placental circulation serve as antigens that can trigger 

maternal antibody production against ADAMTS13 (Fyfe-Brown et al. 2013).  

Drug induced TTP accounts for ~15% of acquired TTP cases (Scully et al. 2008) and agents such as 

cyclosporine, quinine, ticlopidine, clopidegrel, mitomycin and oestrogen-containing medication 

have been identified as potential triggers of immune mediated TTP (Medina et al. 2001) and 

generally have poor outcomes with high mortality rates (Dlott et al. 2004). The predictive value of 

ADAMTS13 deficiency in drug induced TTP is controversial, as moderate to severe ADAMTS13 

activity levels have been reported in patients with drug induced TTP (Vesely et al. 2003; Tsai et al. 

2000). Drug discontinuation or dose reduction and plasma exchange therapy can be effective 

(Medina et al. 2001; Trimarchi et al. 2001). 

Thrombotic thrombocytopenic purpura (TTP) related to malignancy are either precipitated by 

chemotherapy or the disease process itself. The most common cancer associated with TTP is 

adenocarcinomas (Scully et al. 2012), bone marrow metastasis and secondary myelofibrosis 

(Morton and George, 2016; Chang and Naqvi, 2003). The prognosis of TTP in cancer is poor and 

treatment should target the underlying malignancy causing TTP (Regierer et al. 2011; Farhat et al. 

2009) with plasma exchange therapy having minimal efficacy (Farhat et al. 2009; Chang and Naqvi, 

2003). Severe ADAMTS13 deficiency is not always detected in these patients (Fontana et al. 2001) 

and enable regular administration of chemotherapy (Regierer et al. 2011; Farhat et al. 2009). 

Pancreatic-associated TTP cases have recently been reported in which TTP affects the pancreas  with 

thrombotic occlusions of the pancreatic microvasculature and the resultant tissue ischaemia 

manifesting as acute pancreatitis (Bergmann et al. 2008; Hosler et al. 2003; Swisher et al. 2007; Ali 

et al. 2014; McDonald et al. 2009). In turn, pancreatitis can result in TTP, which is related to 

endothelial injury mediated by inflammatory cytokines with increased release of UL-VWF multimers 

and inhibition of ADAMTS13 proteolytic activity (Bergmann et al. 2008). Combined plasma exchange 

with corticosteroid therapy has led to favourable outcomes in these patients although ADAMTS13 

is only moderately reduced (McDonald et al. 2009). 

 

2.5.3.1. HIV-associated TTP 

The acquired form of TTP associated with HIV infection is still the most common TTP observed in 

the South African population (Masoet et al. 2019). TTP in HIV infected patients, first reported in 

1987, has a 15 – 40 higher incidence as compared to non-infected individuals (Jokela et al. 1987; 
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Becker et al. 2004; Visagie and Louw, 2010; Gunther et al. 2007). South Africa has the highest HIV 

infection in the world (Statistics SA, 2019), and current reports indicate that about 80% of TTP cases 

are related to HIV infection (Masoet et al. 2019; Louw et al. 2018). The incidences of HIV-associated 

TTP are also higher in the sub-Saharan Africa higher compared to the rest of the world (Gunther et 

al. 2006; Visagie and Louw, 2010).  

International TTP registries have also reported on the prevalence of HIV infection among patients 

diagnosed with TTP (Benjamin et al. 2009; Blombery et al. 2016; Mariotte et al. 2016; George et al. 

2012; Jang et al. 2011; Fujimura and Matsumoto, 2010; Scully et al. 2008). The incidences of HIV-

associated TTP are predicted to increase over time in countries with high prevalence of HIV infection 

especially amongst black female patients (George et al. 2012; Louw et al. 2018; Reese et al. 2013; 

Hart et al. 2011; Terrell et al. 2010). Relapses are also more common, occurring in ~60% of patients, 

with a higher mortality rates vs. TTP in HIV uninfected patients (Hart et al. 2011; Terrell et al. 2010) 

The incidence of HIV-associated TTP was expected to decline with widespread access to anti-

retroviral therapy (ART) (Becker et al. 2004) but currently remains significant (Masoet et al. 2019; 

Louw et al. 2018). Thrombotic thrombocytopenic purpura (TTP) is most commonly observed in 

advanced HIV disease inART naïve patients with high viral loads and low CD4+ T-cell counts of <200 

/mm3 (Hart et al. 2011; Benjamin et al. 2009; Gunther et al. 2007). Thrombotic thrombocytopenic 

purpura (TTP) has even recently been described in HIV infected patients with viral loads below 

detectable limit on ART (Louw et al. 2018; Novitsky et al. 2005). Inflammation associated with 

immune reconstitution in response to ART is suggested as a potential trigger in these patients 

(Mounzer et al. 2007). The presence of the HIV viral antigen p24 on endothelial cells suggest a 

mechanistic link between HIV infection and TTP (del Arco et al. 1993).  

The diagnosis of TTP is based on clinical findings of microangiopathic haemolytic anaemia (MAHA) 

with excessive schistocytes (>1%) on morphological examination of the peripheral blood smear and 

significant thrombocytopenia of <30 x 109/l, in the absence of another cause of MAHA such as 

disseminated intravascular coagulation (DIC). A negative Coombs test excludes autoimmune 

haemolytic anaemia (George, 2010; Meiring et al. 2012). HIV testing is included in the initial TTP 

investigations due to high incidences of TTP associated with HIV infection in South Africa. Common 

clinical symptoms include neurological abnormalities, haemorrhage and less frequently renal failure 

is observed (Swart et al. 2019). 

Severe ADAMTS13 activity of <10% is key to the diagnosis of TTP and this parameter if often used 

to differentiate TTP from other TMA’s (George et al. 2012; Moake, 2002, Reese et al. 2013; Scully et 

al. 2008; Peyvandi et al. 2008, Thomas et al. 2015; Scully et al. 2007). However, ADAMTS13 testing 
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is not routinely available and the diagnosis of TTP often relies on clinical parameters and 

morphologic analysis of peripheral blood smear. The TTP PLASMIC scoring system is a validated 

algorithm to estimate the probability of severe ADAMTS13 deficiency based on clinical and routine 

laboratory parameters but the utility in HIV associated TTP is low due to heterogeneity of the 

disorder (Li et al. 2018; Bentley et al. 2013).  

The pathogenesis of HIV-associated TTP is still speculative and the initial precipitating factor(s) 

require further elucidation. The disorder is regarded to develop due to heterogeneous mechanisms 

related to the viral infection. HIV endothelial dysfunction is considered to play a role in the 

pathogenesis (Cruccu et al. 1994; Gunther et al. 2006; Fujimura and Matsumoto 2010; Pos et al. 

2011). Although other investigators suggest endothelial dysfunction may not be the primary cause 

of TTP but the end result of the MAHA process (de Wit et al. 2003). Inflammation or opportunistic 

infections associated with HIV have been suggested to contribute to acute TTP in HIV infected 

patients (George et al. 2012). Many studies have shown synergy between inflammatory cytokines 

and viral proteins implicated in endothelial dysfunction in HIV infection (Marincowitz et al. 2019; 

Zhang et al. 2008; Hunt, 2012). High viral loads may initiate an acute inflammatory response with 

resultant endothelial damage and loss of its natural anticoagulant properties. 

Increased secretion of inflammatory cytokines (IL-6, IL-8, TNFα) can trigger an increased secretion 

of plasma UL-VWF multimers from endothelial cells while simultaneously inhibiting the activity of 

ADAMTS13 (Bernado et al. 2004). The increased secretion of UL-VWF may be sufficient to 

overwhelm the capacity of ADAMTS13 (Schwameis et al. 2015; Bernado et al. 2004). In addition, 

FXa, plasmin and thrombin also further inactivate ADAMTS13 by proteolysis (Crawley et al. 2005). 

These events may precipitate an acute episode of TTP in HIV infection, even with normal levels of 

ADAMTS13. Von Willebrand factor (VWF) levels are markedly elevated in HIV infected patients with 

high viral loads (Aukrust et al. 2000). Meiring et al. (2012) also detected increased levels of tissue 

factor in HIV positive ART naïve patients, which contributes to the thrombotic potential and might 

contribute to the onset of HIV-associated TTP. Elevated levels of D-dimers have also been detected 

in HIV-related TTP, which is likely to reflect the formation of microthrombi in response to increased 

VWF release. The hyaline thrombi that form further enhance thrombin generation and production 

of plasmin further decreasing ADAMTS13 activty through proteolysis. Impaired cleavage of UL-VWF 

mulrimers eventually overwhelms the ADAMTS 13 proteolytic capacity resulting in TTP (Gunther et 

al. 2006).  

Furthermore, other factors suggested to contribute to ADAMTS 13 deficiency in patients with HIV-

associated TTP are viral infection in megakaryocytes, immune-mediated destruction and toxic drug 
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side effects. (Cruccu et al. 1994). Micronutrient deficiencies of i.e. zinc and calcium together with 

autoantibodies and abberant T-cell responses to ADAMTS13 are further potential triggers of HIV-

associated TTP (Meiring et al. 2012; Boro et al. 2011; Massabki et al. 1997).  

ADAMTS13 autoantibodies are considered the most important cause of severe ADAMTS13 

deficiency in patients with acquired TTP (Klaus et al. 2004; Soejima et al. 2003; Coppo et al. 2004; 

Tsai and Lian, 1998; Tsai et al. 2001; Zheng et al. 2004). Patients with HIV-associated TTP and low 

CD4+ T-cell counts of < 200 cells/mm3 and high viral loads have increased incidence of 

autoantibodies (Chen et al. 2002). Some patients with HIV-associated TTP do not have detectable 

ADAMTS 13 neutralising autoantibodies (Zheng et al. 2004; Scully et al. 2005; Gunther et al. 2007). 

Non-neutralizing antibodies could increase clearance of or inhibit ADAMTS13 binding to the 

endothelium without directly interfering with its activity (Scheiflinger et al. 2003; Thomas et al. 

2015). It is possible that mechanisms independent of severe ADAMTS13 deficiency could be 

operational in HIV-associated TTP.    

The pathogenesis of HIV-associated TTP is probably therefore heterogeneous and the existing 

literature consists largely of observational case series in small cohorts with limited data regarding 

ADAMTS13 activity and the presence of ADAMTS13 autoantibodies. Larger international studies on 

acquired TTP either do not include, or specifically exclude HIV-positive patients (Vesely et al. 2003; 

Payvandi et al. 2004; Zheng et al. 2004) and the exact role of autoantibodies to ADAMTS13 in HIV-

associated TTP remains to be investigated.  

Two previous South African studies have detected autoantibodies to ADAMTS13 in 50% of patients 

with HIV-associated TTP (Gunther et al. 2007; Meiring et al. 2012). Gunther et al. (2007) defined 

these autoantibodies as inhibitory in 38% of patients through mixing studies. Both these local 

studies also reconfirmed increased VWF antigen levels in HIV-associated TTP patients but the 

ADAMTS13 level were variable ranging from very severe ADAMTS13 deficiency of <5% up to normal 

levels (Hart et al. 2011). These differences could possibly be explained by unsuitable ADAMTS13 

assays that were employed. Furthermore, Meiring et al. (2012) also documented the presence of 

autoantibodies to ADAMTS13. The authors only detected these antibodies in 50% of HIV-positive 

patients with TTP on ART and in ~80% of HIV-positive ART-naive patients without TTP.   

Inhibitory antibodies are absent in hereditary TTP (Furlan et al. 1998). However, inhibitory 

autoantibodies are not present in all cases of acquired TTP such as in HIV-associated TTP. Instead, 

non-neutralizing ADAMTS13 IgG/IgM/IgA autoantibodies may be present (Scheiflinger et al. 2003). 

Non-neutralizing antibodies are thought to reduce the amount of circulating ADAMTS13 through 
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antibody-mediated clearance or block proteolytic cleaving of VWF and further investigations, with 

epitope mapping techniques, will shed light on the pathophysiology of HIV-associated TTP.  

It is interesting to note that the frequency of ADAMTS13 autoantibodies in HIV positive patients 

without TTP was higher than the HIV-associated TTP group in a study by Meiring et al. (2012). The 

pathogenicity of these autoantibodies should be investigated. Inflammation related to chronic 

infections such as HIV can alter antibody glycosylation patterns and alter antibody auto-reactivity 

(Lu et al. 2016; Akerman et al. 2013; Moore et al. 2005; Alter et al. 2018; Jennewein and Alter et al. 

2017 Goulabchand et al. 2014). High levels of agalactosylated antibodies, which induce chronic 

antibody-mediated inflammation, have been observed in HIV infected patients and also in patients 

with autoimmune diseases (Moore et al. 2005; Alter et al. 2018). Chronic infection may result in loss 

of galactosylated, anti-inflammatory IgG antibodies and high viral loads with assoaciated 

inflammation may be associated with converting non-pathogenic anti-ADAMTS13 antibodies into 

pathogenic autoantibodies resulting in TTP.  

Certain human leukocyte antigen (HLA) molecules (section 2.5.2.2) predispose to acquired TTP 

(Coppo et al. 2010). HIV-infection may be a triggering factor in these individuals with these genetic 

backgrounds. The frequency of these predisposing HLA genotypes have not been investigated in 

local South African cohorts and further studies are indicated in this regard.   

The mechanisms of autoantibody formation in HIV infection are still not completely clear but cross-

reactivity between viral and self-antigens is suggested (Susal et al. 1992; Golding et al. 1989). Studies 

that quantified HIV RNA in tissues demonstrated that 90% of all HIV virions are attached to the 

surface of follicular dendritic cells in the lymphoid tissues (Chen et al. 2002). These cells are the 

major initiators of immune response and do not always process antigen, but display it in its native 

form which could potentially stimulate B cells to produce antibodies directed against other native 

self-antigens (Tan et al. 1988). HIV bearing activated dendritic cells specifically targets helper CD4+ 

T-cells. The memory helper T-cells are rapidly infected and destroyed, leading to decreased 

activation and survival of cytotoxic T- and B-cells that can destroy virally infected cells. The rapid 

loss of memory helper T-cells leads to immune dysregulation and associated immunodeficiency and 

tolerance of auto-reactive B-cells (Yewdall et al. 2010).  

The relationship between ADAMTS13 autoantibodies and HIV-associated TTP is not yet clear. Fewer 

HIV-associated TTP cases present with ADAMTS 13 autoantibodies compared to idiopathic acquired 

TTP cases (Gunther et al. 2007; Meiring et al. 2012; Coppo et al. 2004), which suggests that the 

contribution of ADAMTS13 autoantibodies to the deficiency of ADAMTS13 in HIV-associated TTP 
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may be different to idiopathic acquired TTP. Autoantibodies to ADAMTS13 in acquired TTP are also 

considered reliable prognostic biomarkers that can predict patient outcomes (Coppo et al. 2010; 

Ferrari et al. 2007; Tsai and Lia, 2001). Monitoring ADAMTS13 autoantibody titres as a predictive 

tool to predict recurrence/relapse may be of clinical importance in HIV-associated TTP patients with 

ADAMTS13 autoantibodies. The pathogenic ADAMTS13 autoantibodies must therefore be identified 

and their contribution to the TTP disease process should be investigated.  

The multiple pathogenic factors contributing to HIV-associated TTP are depicted in Figure 2.13.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2:13. Contributing factors in HIV-associated TTP development. 

 

2.6. HIV-associated thrombotic microangiopathies (TMA’s)  

The thrombotic microangiopathies (TMAs) are a group of diseases characterized by 

microangiopathic haemolytic anaemia and thrombocytopenia with microvascular thrombosis 

(Moake, 2002). The incidence of TMAs is increased in HIV infected people often occurng in more 

advanced end stage disease (Ripamonti et al. 1996; Becker et al. 2004; George et al. 2012). The 
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TMAs can however also be the presenting disease process of underlying HIV infection (Sood et al. 

1996; Blazes et al. 2004). The TMAs include TTP and haemolytic uremic syndrome (HUS) (Table 2.2). 

TTP and HUS have been reported in HIV infected patients (George et al. 2004). The presenting 

features of TMAs (del Arco et al. 1993) in HIV infected patients are similar to that in HIV uninfected 

people and the same diagnostic criteria can be applied (Bachmeyer et al. 1995). Overlapping clinical 

features between the different TMAs can lead to dianostic uncertainty (Moake, 2002).  

Endothelial injury commonly occus in HIV infection and results in endothelial dysfunction which 

could possible be the pivotal pathogenic event in TMAs (Bell et al. 1997; Hymes and Karpatkin, 

1997). Severe ADAMTS13 deficiency (activity <10%) with/without the presence of ADAMTS13 

autoantibodies and neurological dysfunction favours a diagnosis of acquired TTP (Coppo et al. 2004; 

Vesely et al. 2003). Nevertheless, ADAMTS 13 activity levels of up to 20% has been reported in 

patients with HIV-associated TTP (Park et al. 2009; Gunther et al. 2007; Meiring et al. 2012).  

Hemolytic uremic syndrome (HUS) is a disorder of complement dysregulation and result in a TMA, 

which primarily affects the kidneys (Nester et al. 2015). Mutations or lowered levels of compliment 

inhibitors can result in inappropriate complement activation with formation of terminal membrane 

attack complexes (MACs) effecting cellular damage and development of a TMA (Carson and 

Johnson, 1990; Ikeda et al. 1997; Tedesco et al. 1997). Diagnnostic tests for HUS include assays that 

assess the presence of mutations of or antibodies against the complement regulatory proteins but 

these assays are not available in routine laboratories (Cataland et al. 2014). Studies have found a 

possible link between complement activation, severe ADAMTS13 deficiency and acquired TTP (Reti 

et al. 2012; Wu et al. 2006). 

Treatment of TMAs often involve plasma exchange therapy (PEX) with or without 

immunosuppressive therapy. Poor response to PEX is characterized by a lack of hematologic 

response and a worsening end-organ injury (Cataland and Wu, 2013) which can be managed with 

intensifying immunosuppressive therapy to suppress ADAMATS13 autoantibodies but an alternative 

diagnosis for the clinical and laboratory features shoud also be considered.  

 
2.6.1. Other systemic conditions 

Systemic conditions that present with TMAs (Table 2.2) including systemic lupus erythematosus 

(SLE), Disseminated Intravascular Coagulation (DIC), and pregnancy-associated syndromes 

(preeclampsia and haemolysis, elevated liver function tests and low platelets (HELLP)) may mimic 

the clinical features of acquired TTP (Ahmed et al. 2002). However, these conditions do not cause a 
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severe deficiency of ADAMTS 13 activity of <10% which is observed in acquired TTP patients in 

whom it constitutes a laboratory diagnostic feature but reduced ADAMTS13 activities of between 

10% - 50% may still be observed in these conditions (Pourrat et al. 2015).  

  
Table 2.2: Systemic conditions presenting with MAHA and thrombocytopenia.  
DIC-disseminated intravascular coagulation; SLE-systemic lups erythematosus; HELLP-haemolysis, elevated liver 
function tests and low platelets.  
                         

Syndrome  Clinical presentation  Laboratory data 

 
DIC 

(Disseminated intravascular 
coagulation) 

 

 
Caused by infection, 

malignancy, or vascular 
abnormality such as Kasabach-

Merrit syndrome. 

 
Prolonged PT/PTT, 

thrombocytopenia, decreased 
fibrinogen, elevated D-dimers. 

SLE 
(Systemic lupus erythematosus) 
 

May be associated with 
hypertension, renal 

insufficiency and autoimmune 
cytopenias. 

Autoantibodies characteristic of 
SLE such as anti-Double stranded 

DNA. Prolonged PTT.  

Pre-eclampsis and HELLP 
(pregnancy-related syndromes 

 
 

Severe hypertension and liver 
involvement in pregnant 

patient. Abnormalities resolve 
with delivery. 

Elevated hepatic transaminases.  
 
 
 

Hematopoietic or solid organ 
transplant 

 
 

Maybe associated with 
exposure to cytotoxic 

chemotherapy, radiation, 
systemic infection or calcineurin 

inhibitor. 

No specific findings 

                             

The presenting features of a DIC are very similar to that of TTP and making the correct diagnosis can 

be difficult (Wada et al. 2018). The TMAs are also often associated with DIC, and vice versa. The 

pathogenic mechanism of DIC includes increase activation and consumption of the coagulation 

factors and platelets with the generation of fibrin (Wada, 2004). TTP on the other hand is 

characterized by MAHA and a severe ADAMTS13 deficiency and hence the different diagnostic 

criteria for a DIC (Table 2.2). The recommended treatment in patients with TTP (viz. PEX) and DIC 

(viz. treatment of the precipitating condition) is also different (Rock et al. 1991; Wada et al. 2013).  

Systemic lupus erythematosus (SLE) can present with features, which are similar to those in TTP 

patients including thrombocytopenia, haemolytic anaemia, neurological abnormalities and fever. 

Patients with SLE can also present with low levels of ADAMTS13, which may suggest common 
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pathophysiologic pathways (Mannuci et al. 2003; Perez et al. 2011). In addition, the renal biopsy in 

SLE may show pathologic features of TMA, further complicating the differentiation between SLE and 

TTP. The presence of numerous schistocytes favours the diagnosis of TTP (Porta et al. 1993). 

Thrombocytopenic thrombotic purpura (TTP) can also occur in patients with SLE although this is not 

common but if present, results in increased mortality (George et al. 2008). PEX and 

immunosuppression treatment can be successful.  

The haemolysis elevated liver enzymes and low platelet count (HELLP) syndrome is a complication 

of pregnancy that can lead to multiple organ failure (Weinstein, 1982). The diagnosis of pre-

eclampsia complicated by HELLP can present a diagnostic challenge (Pourrat et al. 2015; Ben et al. 

2010) as HELLP syndrome closely mimics other TMAs such as TTP and HUS presenting with 

thrombocytopenia, haemolysis, elevated liver enzymes and renal damage. A differential diagnosis 

of TTP should be considered in patients with HELLP syndrome who has neurologic abnormalities and 

HUS must be considered when renal impairment present (Pourrat et al. 2015). The ADAMTS13 levels 

are mildly decreased in HELLP syndrome patients at levels of 12% - 43% which is different from that 

in patients with TTP who have levels of <10% (Lattuada et al. 2003). If ADAMTS13 testing is not 

immediately available, correct diagnosis relies on the significant elevation in liver transaminases in 

HELLP syndrome patients (Keiser et al. 2012). Plasma exchange (PEX) therapy may have therapeutic 

benefit in patients with HELLP ssyndrome who have low ADAMTS13 activity levels.  

The challenges relating to distinguishing between TTP and other TMAs highlights the need for 

identifying sensitive and specific biomarkers to ensure timeous and appropriate therapy.   

 

2.7. ADAMTS13 assays for acquired TTP diagnosis  

There are a number of laboratory assays available for measuring ADAMTS13 levels and inhibitory 

autoantibodies, which can assist in the diagnosis of acquired TTP. Several immunoassays, such as 

the ELISAs are available for the detection and quantification of ADAMTS13 antigen levels in human 

plasma (Technoclone, Austria; American Diagnostica, USA; Bethyl laboratories, USA). However, 

the quantification of ADAMTS13 antigen alone is of limited diagnostic value as it is unable to 

discriminate between full lengths ADAMTS13 and truncated/mutated ADAMTS13 (Feys et al. 2006; 

Reiger et al. 2006). It is also unclear how the assays are affected by the presence of antibody-bound 

ADAMTS13 complexes, which could result in false normal levels of ADAMTS13 antigen (Reiger et al. 

2006). Hence, the utility of functional ADAMTS13 activity assays which shoud be included in the TTP 

investigation panel (Shelat et al. 2006; Zheng et al. 2004; Coppo et al. 2006; Rieger et al. 2006).  
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Several ADAMTS13 activity assays are available which measure VWF cleavage products by direct 

and indirect methods. The VWF multimer analysis for example provide evidence of the proteolytic 

activity of ADAMTS13. The SDS Agarose gel electrophoresis and SDS-PAGE assays are direct tests of 

ADAMTS13 activity that, when combined with western blotting, allows for visualization of the 

degraded VWF fragments. However, these methods are time-consuming and are performed with 

potentially dangerous denaturing agents. The recently developed Fluorescence Resonance Energy 

Transfer (FRETS-VWF73) assay is a more rapid assay for measuring ADAMTS13 activity in a single 

step procedure (Kokame et al. 2005). In the FRETS-VWF73 assay, a synthetic 73 amino acid peptide 

VWF fragment that contains the ADAMTS13 cleavage site at the A2 domain is labelled with 

fluorescence markers that release fluorescence when cleaved by ADAMTS13. Fluorescence 

increases over time when FRETS-VWF73 is incubated with a normal citrate plasma sample 

containing ADAMTS13, while ADAMTS13 deficient plasma does not result in the release of 

fluorescence.  

The indirect ADAMTS13 activity assays include the residual collagen binding (CB) assay, ristocetin-

induced aggregation and functional ELISA assays. Both the residual CB and ristocetin assays rely on 

purified VWF or normal plasma incubated with test plasma in the presence of a denaturing agent to 

promote VWF multimer cleavage by ADAMTS13. In the CB assay, the residual VWF is measured by 

detecting binding to collagen type III with subsequent ELISA quantification utilising a conjugated 

anti-VWF antibody. With the ristocetin assay, residual VWF is measured by ristocetin-induced 

platelet aggregation using a platelet aggregometer. Functional ELISAs makes use of recombinant 

VWF73 fragments with ADAMTS13 cleavage sites which are immobilized on an ELISA plate together 

with an antibody conjugated with an enzyme. The amount of residual VWF73 fragments are 

measured after ADAMTS13 is added to the plate, using a second antibody that recognizes only the 

cleaved VWF fragments. The ADAMTS13 activity in the test plasma is therefore inversely 

proportional to the residual concentration VWF. 

Several limitations may interfere with the clinical utility of activity assay results. Firstly, these assays 

measure ADAMTS13 in static conditions and do not reflect the in vivo physiological flow conditions. 

This may be important for the conformational changes that allow optimal ADAMTS13 enzymatic 

activity. Secondly, ADAMTS13 activity assays make use of denaturing agents that expose the 

cleavage site in the VWF substrate enhance its susceptibility to cleavage by ADAMTS13. These 

agents could also affect ADAMTS13 activity measurements and inhibit ADAMTS13-antibody 

interactions. Furthermore, the presence of other proteases in plasma could interfere with VWF 

cleavage or degrade ADAMTS13 itself. Factors such as hyperlipemia, elevated haemoglobin levels 

and hyperbilirubinemia could influence ADAMTS13 activity results (Studt et al. 2005; Meyer et al. 
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2007; Eckmann et al. 2007; Raife et al. 2009; Lam et al. 2007). Some of these assays, such as the 

multimer assays, are not available for routine diagnostic tests but may be suitable for specialised 

laboratories. 

Mixing studies are also performed to detect the presence of inhibitory ADAMTS13 autoantibodies 

in acquired TTP patients. Almost 90 % of acquired TTP cases are associated with reduced ADAMTS13 

activity of <10% together with inhibitory autoantibodies. Bethesda assay similar to those used to 

measure inhibitory FVIII antibodies are utilised to detect inhibitory ADAMTS13 antibodies 

(Vendramin et al. 2018; Alwan et al. 2017; Scully et al. 2008). These autoantibodies can be titrated 

by mixing studies and heat inactivated in patient and normal plasma samples (Peyvandi et al. 2004; 

Tsai and Lian et al. 1998). Bethesda assays however generally lack sensitivity. 

In cases where the inhibitor is not detected or the inhibitor titer is too low to be detected, Western 

blotting assay or ELISA assays can be used to detect non-neutralizing antibodies (Zheng et al. 2009). 

The assumption is that non-inhibitory autoantibodies will reduce ADAMTS13 antigen levels by 

increasing its clearance in vivo rather than blocking ADAMTS13 enzymatic activity. The Western 

blotting assay is reported to be more sensitive than the quantitative ELISAs but plasma dilutions and 

the structure of ADAMTS13 molecules that are coated onto the plates can result in inter-assay 

discrepancies, which can affect assay sensitivity and positive cut-off values. It is also not clear 

whether clinically irrelevant autoantibodies may be detected as a result of antigen presentation 

(Peyvandi et al. 2010). Most of the detected inhibitory antibodies have been shown to target the 

Cysteine-rich and Spacer domains of the ADAMTS13 protein using western blotting. However, 

autoantibodies in TTP cases occurring secondarily to an existing condition, such as in HIV, have not 

yet been detected or identified. Furthermore, the activity of these autoantibodies still needs to be 

determined under flow conditions to help predict their pathogenicity in acquired TTP in general. 

Flow-based assays have been developed for the detection and characterization of ADAMTS13 

autoantibodies (Grillberger et al. 2014; Rieger et al. 2005; Tsai et al. 2006; Li et al. 2011). The 

objective of flow-based assaysis is to assess any discrepancies between inhibitor assays in order to 

predict inhibitor activity under flow. In a recent study by Grillburg et al. (2014), a novel flow-based 

assay was developed to compare the activity of inhibitory antibodies under static and flow 

conditions. Their results indicated that ADAMTS13 autoantibodies may show inhibitory activity in 

vivo that are not consistent with the inhibitor levels determined in routine static assays such as the 

FRETS-VWF17 assay. The assumption is that some epitopes exposed under shear stress may not be 

exposed in a static environment.  
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The ADAMTS13 assays have proved important in differentiating between the TMAs and can assist 

with prognostication and predicting treatment outcomes (Grillberger et al. 2014; Kokame et al. 

2005; Zheng et al. 2004). Severely reduced ADAMTS13 activity of <10% together with inhibitory 

autoantibodies may indicate the need for intensification and prolongation of PEX and early 

introduction of immunosuppressive therapy. There is no absolute antibody titre that indicates a 

worse prognosis, but titres can be used in combination with other clinical information, such as high 

creatinine and troponin T levels to predict disease outcomes. Available ADAMTS13 assays can 

however not measure the potency of antibodies (Hughes et al. 2009).  

 

2.8. Treatment of TTP 

TTP is a medical emergency, with the mortality rate exceeding 90% if appropriate treatment is not 

timeously applied (Moake, 2002). The mainstay of current treatment for patients with HIV-

associated TTP is plasma exchange (PEX) or infusion together with ART which results in recovery of 

the CD4+ T-cell levels while normalizing the ADAMTS13 antigen levels. PEX replaces defective 

ADAMTS13, while at the same time removing ADAMTS13 autoantibodies (Rock et al. 1991; Boro et 

al. 2011). Infusion of frozen plasma on the other hand replaces the ADAMTS13 enzyme in the 

patient’s plasma to normal levels. Immunosuppressant therapy suppresses the production of 

ADAMTS13 autoantibodies in patients with acquired TTP. PEX therapy is more effective than plasma 

infusion in the treatment of acquired TTP (Rock et al. 1991). Plasma infusion is the treatment of 

choice in congenital TTP cases. A study by Novitsky et al. (2005) demonstrated that HIV positive 

patients with TTP respond well to plasma infusion alone and PEX therapy was reserved for relapsed 

and rsistent TTP cases (Novitzky et al. 2005; Scully et al. 2012). These findings support suggestions 

that HIV-associated TTP may have a different pathophysiology to acquired idiopathic TTP. 

Steroids are also widely used in combination with PEX in the initial treatment of acute TTP. Which 

have shown favourable outcomes with up to 91% remissions (Scully et al. 2010; de Fante, 2006; 

Ferrari et al. 2007). However, there is currently no consensus on whether the combination approach 

is superior to PEX alone.  

Additional immunosuppressants such as cyclosporine (CSA) is indicated in refractory and relapsed 

patients with acquired TTP in an attempt to decrease autoantibody production (Pasquale et al 1998). 

Cyclosporine regulates T-cell via its action on the cytokine interleukin 2 (IL-2) and reduces T-helper 

cell activity. Improved clinical and haematological picture has been observed early in the 

administration of the CSA therapy (Cataland et al. 2007). However, when CSA is administered in high 
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doses, it can also precipitate the MAHA, which is observed in TTP patients. The CSA therapy in 

combination with PEX results in a remission rate of 89% (Cataland and Wu, 2013).  

Plasma exchange (PEX) therapy with normal levels of ADAMTS13 can also be combined with 

Rituximab in resistant HIV-associated TTP to prevent recurrent episodes of TTP (Garvey, 2008). 

Rituximab is an anti-CD20 monoclonal antibody that specifically depletes B-cells responsible for 

eliciting autoimmune responses.  It targets the premature and mature B-cells in blood, lymph nodes 

and the bone marrow. A CD20 is expressed at high levels on B-cells causing a dense monoclonal 

antibody accumulation on the cell membrane resulting in complement dependent cytotoxicity. A 

CD20 is a very resistant marker with a prolonged cell surface half-life. Rituximab is also used as 

second line therapy in idiopathic TTP with ADAMTS13 autoantibodies and has been shown to 

normalize ADAMTS13 activity while achieving and maintaining remission in acute TTP and reduces 

relapses (Scully et al. 2007; Fakhouri et al. 2005; Herbei and Venugopal, 2006).  

Several studies have evaluated different treatment combinations. Combined treatment with 

steroids and PEX was compared to CSA and PEX in acute TTP patients and concluded that CSA 

therapy achieves higher remission rate (89%) compared to steroids (83%) with fewer PEX sessions 

needed to achieve remission and fewer subsequent relapses (Cataland et al. 2007). Rituximab has 

demonstrated success in acquired TTP patients with high ADAMTS13 autoantibody titers and 

infections comlications related to immunosuppresion has not been observed (Sculley et al. 2007). 

Additional randomised control studies are still needed to further determine the effectiveness of 

immunosuppressive therapies in acquired TTP. 

Protease inhibitors, such as Bortezomib, that can suppress plasma cells may have therapeutic 

efficacy in relapsed and resistant patients with acquired TTP (Ludwig et al. 2017; Alexander et al. 

2015; Patriquin et al. 2016). Furthermore, clinical investigations have shown that the combination 

of both Rituximab and Bortezomib can result in depletion of both autoreactive B-cells as well as long 

lasting refractory autoantibodies (Hofmann et al. 2018; Khodadadi et al. 2015; Taddeo et al. 2015). 

However, the use of Bortezomib remains a therapeutic challenge due to its side effects.  

Other drug interventions for TTP include Caplacizumab (Peyvandi et al. 2016) and recombinant 

ADAMTS13, which is still in clinical trials (Scully et al. 2007). Caplacizumab is an anti-von Wlliebrand 

factor nanobody, which inhibits interactions between UL-VWF multimers and platelets. 

Recombinant ADAMTS13 (i.e. BAX930) may provide alternative replacement therapy for patients 

with ADAMTS13 deficiency. Once successful, these drugs may be used for treatment and prevention 

of TTP, including congenital, acquired idiopathic and secondary forms of TTP, such as HIV-associated 

TTP. 
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2.9. Relapses 

Relapse is defined as an acute TTP episode at least 30 days after remission from the index TTP 

episode (Scully, 2010). About 20% - 50% acquired TTP patients with severe ADAMTS13 deficiency 

and ADAMTS13 autoantibodies experience TTP relapses (Peyvandi et al. 2008; Del Fante et al. 2006; 

Scully et al. 2008). Autoantibody titres alone cannot be used as a predictive tool for relapses, but 

can be used to monitor therapeutic response. Patients with a low ADAMTS13 activity of <10% with 

the presence of inhibitory ADAMTS13 autoantibodies have shown to have a 3 times higher risk of 

relapse during the first year (Sculley et al. 2007; Ferarri et al. 2007). Gender was not found to be a 

risk factor for relapse of acquired TTP (Peyvandi et al. 2008).  

Plasma exchange (PEX) can reduce TTP associated mortality rate by up to 20% and ART after the 

initial episode of TTP can assist in preventing relapses which relates reconstitution of the immune 

system. However, relapses may be more common in HIV-associated TTP patients with severe 

ADAMTS13 deficiency and ADAMTS13 autoantibodies, and mortality is also greater compared to 

other patients with acquired TTP (Scully et al. 2012; Boro et al. 2011; Moake, 2002). 

 

2.10. Rationale of the study 

HIV-associated TTP is an acquired form of TTP often associated with severe deficiency of ADAMTS13 

activity of <10% (Moake, 2002). HIV infection increases the risk of autoimmunity since it depletes 

CD4+ lymphocytes to counts of less than 200/mm3 and high viral loads is associated with an 

increased incidence of autoantibodies which can be directed against ADAMTS13. However, the 

relationship between anti-ADAMTS13 antibodies and the pathogenesis of HIV-associated TTP is not 

clear, as the autoantibody status in these patients has not yet been determined. Determining 

ADAMTS13 antigenic peptides in HIV-associated TTP can shed light on the contribution of these 

autoantibodies to the function and clearance of ADAMTS13, and assist in profiling potential humoral 

immune responses in HIV-associated TTP. Furthermore, the detection, quantification and 

characterization of ADAMTS13 autoantibodies may be potentially valuable in patients with HIV-

associated TTP translating to improved clinical outcomes. The results of this study will contribute to 

a better understanding of HIV-associated TTP. 
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2.11. Aim and Objectives          

The aim of this study was to determine the ADAMTS13 autoantibody status in HIV-associated TTP 

patients and provide novel insight into the specific antigenic regions (epitopes) on ADAMTS13 

domains that are affected by these autoantibodies. 

With the following objectives: 

1. To measure ADAMTS13 (antigen levels, activity, and ADAMTS13 autoantibodies) and VWF 

(antigen levels, propeptide levels and UL-VWF multimeric patterns) in HIV-associated TTP and 

HIV positive non-TTP patient plasma samples.  

2. To identify inhibitory ADAMTS13 autoantibodies in HIV-associated TTP patient plasma samples 

using mixing studies. 

3. To characterize different classes of antibodies to ADAMTS13, which are present in HIV-

associated TTP and HIV positive non-TTP patient plasma samples. 

4. To extract, purify and quantify IgG autoantibodies to ADAMTS13 present in HIV-associated TTP 

and HIV positive non-TTP patient plasma samples. 

5. To use a synthetic ADAMTS13 peptide library designed by GenScript® (USA) for epitope mapping 

studies using purified IgG autoantibodies to ADAMTS13 isolated from HIV-associated TTP and 

HIV positive non-TTP patient plasma samples. 
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CHAPTER 3: METHODOLOGY 

 
3.1. Ethics  

Ethics approval for this study was obtained from the Health Sciences Research Ethics committee of 

the University of the Free State (UFS-HSD2019/0027/3007), with permission to conduct the research 

from the Free State Department of Health Provincial Research Committee and to use the blood 

samples from the National Health Laboratory Service (FS_201903_005).  

 

3.2. Study design 

This study was an observational, case-control study. 

 

3.3. Study participants 

3.3.1. HIV-associated TTP patients  

The current study is based on the analysis of fifty-nine (59) frozen, anonymized citrate plasma 

samples from patients diagnosed with HIV-associated TTP collected from 2017 to 2019 as part of a 

larger study on the pathogenesis of HIV associated TTP (Ethics approval: HSREC 90/2017).  

The plasma samples originated from all areas of South Africa and were sent to the Specialised 

Haemostasis laboratory of the National Health Laboratory Service (NHLS) at the University of the 

Free State, Bloemfontein, as part of the diagnostic work-up of patients suffering from HIV associated 

TTP. The NHLS Specialised Haemostasis laboratory in Bloemfontein serves as a national referral 

centre for ADAMTS13 testing. Pathologists requested ADAMTS13 tests on these samples to confirm 

the diagnosis of TTP. The Specialised Haemostasis laboratory stores samples at -80oC for at least 

one year to perform additional requested tests.  

 

3.3.2. HIV positive non-TTP control patients  

Hundred (100) HIV positive plasma samples from HIV infected patients without TTP were included 

as a control cohort with permission from the NHLS. The NHLS Universitas Academic Laboratories 

receive 30 000 - 35 000 plasma samples per month for routine HIV viral load testing on HIV infected, 

community-integrated patients who attend ARV-clinics in Bloemfontein and surrounding areas 
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including the Northern Cape. The residual plasma samples are made available for research after 

approval from the respective ethics committee, which in this instance was the University of the Free 

State Health Sciences Research Ethics Committee. 

 
3.4. Inclusion criteria 

3.4.1. HIV-associated TTP plasma samples 

The diagnostic criteria for HIV-associated TTP were laboratory findings of infection with HIV, severe 

ADAMTS13 deficiency (<10%), thrombocytopenia (platelet count <100x109/L), microangiopathic 

haemolytic anaemia (reduced haemoglobin and increased red cell fragments (schistocytes) as 

confirmed by a haematopathologist) with an elevated serum lactate dehydrogenase (LDH) level 

which is frequently > 800 U/L. The presence of ADAMTS13 autoantibodies and the absence of 

additional causes of a microangiopathic haemolytic anaemia such as disseminated intravascular 

coagulation (DIC) i.e. normal haemostasis parameters, further strengthened the diagnosis of HIV 

associated TTP. Creatinine test was also included to assess renal function and renal impairment was 

considered to be present when creatinine levels were > 90.0 µg/L. 

The above diagnostic criteria for HIV associated TTP have previously been employed by multiple 

published studies (Moake, 2002, Reese et al. 2013; Scully et al. 2008; Peyvandi et al. 2008, Thomas 

et al. 2015; Scully et al. 2007). The laboratory inclusion criteria used for HIV-associated TTP diagnosis 

are summarised in Table 3.1.  
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Table 3.1 Laboratory inclusion criteria for HIV-associated TTP diagnosis. 

 

Patients with suspected acquired TTP are always screened for HIV infection as this disorder is a 

known complication of HIV infection, especially in patients with very low CD4+ counts (Louw et al. 

2018; Swart et al. 2019; Ripamonti et al. 1996). All patient plasma samples included in the current 

study were confirmed to be HIV positive by enzyme-linked immunosorbent assay (XpressBio, USA). 

The presence of other HIV-associated thrombotic microangiopathies (TMAs) or HIV-associated 

malignancies and infections were excluded as far as possible based on clinical parameters, 

serological test results, radiological imaging and microbiological of histological assessments where 

appropriate (Gunther et al. 2007). This was an observational study and patients were treated at the 

discretion of a treating physician. Plasma samples were collected before the start of plasma therapy, 

either exchange or infusion, which was commenced after study sample collection and according to 

local treatment protocols. Laboratory data pertinent to each TTP sample, including ADAMTS13 

antigen levels and ADAMTS13 activity results, are reflected and summarized in Appendix B. 

 

 

 

 

Laboratory Test (units) Laboratory findings 

 Normal values / ranges HIV-TTP patients 

Full Blood Count:   

• Schistocytes on morphological 
examination of slide 

Absent  Present  

• Platelet count  (109/L) 150 – 450 <100 

• Haemoglobin  (g/dL) 12.1 – 17.2 < 12.1 

Lactate dehydrogenase (LDH) (U/L) 100 – 190 Elevated and frequently > 800  

Creatinine  (µg/L) 49 – 90  >90  

Coombs test Negative Negative 

ADAMTS13 antigen levels (%) 50-150 Usually < 5 

ADAMTS13 activity (%) 50-150 Usually <10 

ADAMTS13 autoantibodies Negative Positive 

HIV status Negative Positive 

Anti-retroviral therapy (ART) at 

presentation 

N/A Either ART naïve or on ART therapy 
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3.4.2. HIV positive control plasma samples 

The HIV-positive status of the study samples was confirmed via the unique NHLS sample 

identification number. The CD4+ T cell count and viral load for each sample were also extracted from 

the laboratory information system (LIS). All plasma samples collected were confirmed to be HIV 

positive by enzyme-linked immunosorbent assay (XpressBio, USA). Laboratory data (CD4+ T cell 

count, viral load and details of ART treatment) for the HIV positive patients are summarized in 

Appendix C. The NHLS unique identification number was further utilized to exclude the presence of 

laboratory features of TTP on the HIV infected control cohort without TTP. 

 

3.4.3. De-identification of samples 

All samples used in this study were de-identified. The NHLS samples all have a specific laboratory 

number that can be traced back to the patient identification details. A double-blind method was 

used to de-identify all samples, i.e. HIV-associated TTP patients and HIV positive control cohorts 

without TTP and random unique study numbers were assigned to the samples. A unique study 

number was allocated to each sample to ensure confidentiality. A data collection sheet comprising 

of unique study numbers was generated. The results obtained from the study were kept confidential 

and were only accessible by the researchers.  

 

3.4.4. Specimen collection, processing, and storage 

All study plasma samples were collected in 3.2% (0.109 M) tri-sodium Citrate BD Vacutainers (BD, 

USA) and transported frozen on dry ice to the Specialized Haemostasis laboratory. Plasma samples 

were processed and stored according to the approved guidelines published in the CLSI document 

H21-A5 (ISO/TC 212 standards, 2008) for coagulation testing. In short, nine (9) parts of blood sample 

was collected by venepuncture in 1 part of 3.2% (0.109 M) tri-sodium citrated anticoagulant solution 

tube (BD Vacutainer, BD, USA). The blood was then centrifuged at 2000g for 15 minutes to obtain 

platelet poor plasma, which was divided into 0.5mL aliquots and stored at -70°C at the Specialized 

Haemostasis laboratory. Plasma samples are stable when frozen at -70°C for at least 18 months 

(Woodhams et al. 2001). Before testing, frozen plasma samples were thawed at 37°C and assayed 

within 4 hours. All tests were performed on original aliquots that had not been previously thawed. 
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3.4.5. Pooled normal plasma 

Lyophilized human Pooled Normal Plasma (PNP) was obtained from STAGO (Stago Diagnostica, 

France), and included in experimental assays as normal control (i.e. VWF analysis, autoantibody 

measurements, Peptide ELISA assays). Plasma collected from 20 normal human volunteers is pooled 

during the manufacturing of the STAGO PNP and is free of viral agents such as HIV, HCV and 

Hepatitis B. For this study, PNP was confirmed to be HIV negative by enzyme-linked immunosorbent 

assay (XpressBio, USA). The lyophilized commercial PNP was stored at 2-8oC and reconstituted with 

distilled water and allowed to stand at room temperature (18-25 oC) for 30 minutes before use.   

 
3.5. Materials and methods 
 
3.5.1. The HIV status of collected patient plasma samples 

The HIV status of all patient plasma samples was determined using Human Immunodeficiency 

Viruses antigen and antibody ELISA kit from XpressBio Life Sciences, USA. This kit is a two-step 

incubation sandwich ELISA-based assay, which uses polystyrene microwell strips pre-coated with 

recombinant HIV antigens (recombinant HIV-1 gp41, gp120 and recombinant HIV-2 gp36) and 

horseradish peroxidase (HRP)-conjugated-anti-HIV (p24) antibodies. The assay was performed 

according to the manufacturer’s instructions. In short, frozen plasma samples were rapidly thawed 

in a 37oC water bath (WNB 45, Memmert, Germany) before performing the assay.   

For the assay, 20µL biotinylated anti-HIV (p24) antibodies together with 100µLpatient’s plasma 

samples were added to the wells, except for the blank wells. Positive and negative controls, as well 

as a blank, were included with each run. The plate was covered and incubated for 1 hour at 37oC. 

After the incubation step, the plate was washed 5 times with a diluted wash buffer. This was 

followed by adding 100µL/well of the HRP-conjugate, except the blank wells. The plate was 

incubated for another 30 minutes at 37oC and again washed 5 times. Then 100µL of the chromogenic 

substrate (50µL chromogen A and 50µL chromogen B) was added to each well including the blank. 

The plate was covered and incubated at 37oC for 30 minutes in the dark. The reaction was stopped 

with the addition of 50µL of stop-solution to each well and absorbance measured at 450 nm with a 

reference wavelength at 630 nm using the ELISA plate reader (BioTek Instruments Inc., USA). The 

cut-off value was calculated from the mean absorbance value for three negative controls. Samples 

with optical density (OD) at 450 nm values above the negative cut-off value were considered positive 

and samples with OD450 values less than the negative cut-off value were considered negative. 
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3.5.2. Measurement of ADAMTS13 antigen and ADAMTS13 activity levels 

The Specialised Haemostasis laboratory previously determined the ADAMTS13 antigen and activity 

levels of the HIV-associated TTP patient plasma samples as part of the TTP diagnostic work-up of 

patients and the results were included in the study. Therefore, this section included the 

determination of ADAMTS13 antigen and ADAMTS13 activity levels in HIV positive plasma samples. 

A Technozyme® ADAMTS13 activity/antigen fluorogenic ELISA kit (Technoclone, Austria) was used 

to perform these assays. This kit assay has previously been validated clinically useful in the diagnosis 

of TTP (Crist and Rodgers, 2009).  

The ELISA assay and reagent preparations were performed according to the manufacturer’s 

instructions (Technoclone, Austria). Before assaying, frozen plasma samples were rapidly thawed 

in a 37°C water bath (WNB 45, Memmert , Germany).  

The kit test strips are provided already coated with a monoclonal human anti-ADAMTS13 antibody, 

directed against the CUB domains. The steps involved in this assay are shown in Figure 3.1.  In short, 

50µL of calibrators, controls, and plasma samples were added in duplicate to test wells. The test 

strips were sealed and incubated for 2 hours at room temperature. After every incubation step, the 

test strips were washed 3 times with PBS/1% Tween-20 (pH 7.3) using a microplate washer 

(VACUTEC, RSA). The activity of ADAMTS13 was determined first by adding 50µL/well of the 

reconstituted activity substrate to the test strip. The fluorescence was subsequently measured 

immediately for a duration of 15 minutes with one-minute intervals at an excitation wavelength of 

325 nm and an emission wavelength of 410 nm using a fluorescent ELISA plate reader (Synergy HT 

spectrophotometer, Biotek, USA). The ADAMTS13 activity of the samples was calculated from the 

reference curve extrapolated from the standard used.  

Once the reading was completed, ADAMTS13 antigen levels of the samples were determined as 

follows: the same test strips were washed three times, and the conjugate working solution (anti-

ADAMTS13 POX, 50µ/well) was added to the test strips to detect bound ADAMTS13 antigen. The 

test strips were incubated for 1 hour at room temperature and after that, 50µL of the antigen 

substrate solution was added to each test well and the test strips incubated again for another 15 

minutes in a 36oC incubator (B6 incubator, Heraeus instruments, Hanau, Germany). Finally, 50µL 

of the stop solution was added to the test wells to stop the reaction and the fluorescence measured 

at the same wavelengths as for the ADAMTS13 activity measurement. A standard curve was 
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generated and the ADAMTS13 concentration of the samples calculated from the curve. The 

ADAMTS13 antigen concentration and activity levels were reported in % of normality. Normal 

ranges using this assay kit are between 50% - 150% for ADAMTS13 antigen and activity levels.  

 

Figure 3.1: Schematic presentation of the steps involved in the determination of the ADAMTS13 antigen 
and activity levels using the Technoclone assay. (Downloaded from www.technoclone.com). 

 

3.5.3. Measurement of Autoantibodies to ADAMTS13  

3.5.3.1. Anti-ADAMTS13 IgG antibodies  

Plasma samples from the HIV-associated TTP group and HIV positive control group were screened 

for the presence of IgG antibody to ADAMTS13. Samples from HIV-associated TTP patients with 

ADAMTS13 activity of <10% were selected for the determination of antibodies to ADAMTS13 as per 

other studies in literature (Thomas et al. 2015; Scully et al. 2007; Alwan et al. 2017; George, 2015).   

A Technozyme anti-ADAMTS13 autoantibody ELISA-based kit (Technoclone, Austria) used for the 

detection of ADAMTS13-IgG autoantibodies by the Specialised Haemostasis lab was also used in the 

current study. This is a standardized chromogenic assay designed to detect ADAMTS13-IgG 

autoantibodies in human plasma. The ELISA assay and reagent preparations were performed 

according to the manufacturer’s instructions (Technoclone, Austria). The kit contains a 96-well 

plate that is coated with full-length recombinant ADAMTS13 protein.  

In short, standard plasma, control plasma, and study plasma samples were prepared according to 

the manufacture’s instruction. Then 100µL of each diluted plasma/standard/control sample was 

added in duplicate into designated test wells coated with recombinant ADAMTS13 and incubated 

for 60 minutes at room temperature. This incubation step allowed for the IgG antibodies in the 

sample to bind the ADAMTS13 protein-coated wells. After each incubation step, PBS/1% Tween-20, 

pH 7.3 was used to wash the test wells using ELISA microplate washer (VACUTEC, RSA). A 100µL 

 

http://www.technoclone.com/
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enzyme-labelled anti-human IgG (anti-human IgG POX) antibody was added to each test well for 

antibody detection and the test wells were incubated for another 60 minutes. After a washing step, 

100µL of 3,3’,5,5’-Tetramethylbenzidine (TMB) substrate solution was added to react with the 

enzyme conjugate. The test strips were incubated for another 10 minutes at room temperature and 

the reaction was stopped by adding 30µL/well of sulphuric acid (4M H2SO4) at room temperature. 

The OD was read at 450 nm using an ELISA microplate reader (Synergy HT, BioTek Instruments Inc. 

, USA). A standard curve was generated and the IgG levels of the samples extrapolated from the 

standard curve. Results were interpreted as negative when the ADAMTS13 autoantibody titer is less 

than 12 U/mL, borderline when titer is between 12 and 15 U/mL and positive when titer is 15 U/mL 

and more. 

 

3.5.3.1.1. Mixing studies 

Mixing studies were performed as described by Vendramin et al. (2018), Alwan et al. (2017), and 

Scully et al. (2008) with slight modifications. Mixing studies were done to determine the presence 

of neutralizing IgG inhibitors to ADAMTS13 in HIV-associated TTP plasma samples and HIV positive 

plasma samples with ADAMTS13 activity levels less than 10%.  

The test plasma samples were mixed with PNP in a 50:50 mixing study, and the ADAMTS13 activity 

measured with the Technozyme® ADAMTS13 activity assay, as described in 3.5.2. The presence of 

a strong inhibitor was defined as persisting ADAMTS13 activity of less than 10% after attempts at 

correction with 50:50 mixing studies. The PNP was confirmed to have normal ADAMTS13 activity 

levels of 50-150%. Therefore, in the absence of an inhibitor, the addition of a PNP should correct 

the ADAMTS13 activity by more than 50% towards normal. However, a mixing test result of less 

than <50% ADAMTS13 activity indicated no correction, therefore the presence of an inhibitor. 

Thereafter, a modified Bethesda method similar to the one commonly used to evaluate the 

presence of coagulation FVIII inhibitors was used to analyse the strength of neutralizing anti-

ADAMTS13 antibodies (Kasper et al. 1975; Vendramin et al. 2018; Ferrari et al. 2007). One Bethesda 

unit is defined as the concentration of inhibitor in a plasma sample that reduce ADAMTS13 activity 

to 50% in pooled normal plasma in a 50:50 mix. The presence of an inhibitor is indicated by a residual 

ADAMTS13 activity of 25% - 75% in the mixed sample i.e. 50:50 mix of a test sample and PNP 

(Vendramin et al. 2018). Test samples with residual activity of more than 75% were reported as <0.5 

BU/mL, which equates to the absence of a clinically significant inhibitor.  
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Patient plasma samples were incubated in a water bath at 56oC for 60 minutes to eliminate 

endogenous ADAMTS13 activity and centrifuged for 5 minutes at 1500g. A test plasma with strong 

inhibitors present (indicated by persisting ADAMTS13 activity <10% after attempts at correction 

with mixing studies) was then serial diluted 1:2, 1:4, 1:8 and 1:16 with saline compared to the 

samples with weaker inhibitors that were diluted 1:2. All samples were then further diluted 1:1 with 

PNP and incubated at 25oC for 2 hours. Pooled normal plasma diluted 1:1 with saline was used as a 

negative control. After that, the ADAMTS13 activity of all the dilutions was determined with the 

Technozyme® ADAMTS13 activity assay.  

The residual ADAMTS13 activity was calculated using the formula as described by Vendramin et al. 

(2018) with slight modifications. 

 
The % ADAMTS13 residual activity =         ADAMTS13 activity value of the test sample    X 100% 
              ADAMTS13 activity value of the control sample 

The ADAMTS13 inhibitor level (Bethesda Unit (BU)) is calculated from the residual ADAMTS13 

activity measured after mixing studies by the formula:   

 

ADAMTS13 inhibitor (BU) = 2-log (residual ADAMTS13 activity)  X dilution factor of sample, 
0.30103 

and expressed as inhibitor unit per millilitre (BU/mL). Samples with an inhibitor titer of more than 

0.5 BU/mL were classified as having inhibitors. 

 

3.5.3.2. IgM and IgA antibodies  

Samples with a positive titer of anti-ADAMTS13 IgG antibodies were screened for the presence of 

IgM and IgA antibodies.  

 

3.5.3.2.1. Total IgM and IgA antibodies in plasma 

Total plasma immunoglobulin (IgM and IgA) levels were determined in HIV-associated TTP and HIV 

positive plasma samples using commercial human IgM and IgA ELISA kits from Bethyl Laboratories 

(USA). The ELISA assays, reagents and standards preparations were performed according to the 

manufacturer’s instructions (Bethyl Laboratories, Inc, USA).  
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In two separate experiments, a sandwich ELISA was used to screen for human IgM or IgA present in 

test samples. The microtiter surface plates were received pre-coated with either anti-human IgM or 

anti-human IgA antibodies. For each standard curve, the standard sample was diluted to 250, 83.3, 

27.8, 9.26, 3.09, 1.03 and 0 ng/mL, and the test plasma samples diluted 1:10 000 in dilution buffer. 

Then 100µL of standard and sample was added to designated wells in duplicate. The plates were 

covered and incubated at room temperature for 1 hour. The plates were washed with wash buffer 

4 times using the microplate washer after each incubation step. Hundred (100) µL of anti-human 

IgM/ IgA detection antibody was added to each well and the plate was covered and incubated at 

room temperature for another hour. This was followed by the addition of 100µL of HRP solution and 

another incubation for 30 minutes. Then 100µ/well of TMB substrate solution was added and the 

plates incubated in the dark for 30 minutes at room temperature. Finally, the reaction was stopped 

by adding 100µL/well of the stop solution and absorbance read at 450 nm using a microplate reader. 

The concentration of the IgM and IgA in the samples was calculated from the extrapolated standard 

curve. Thereafter, the final IgM/IgA concentrations in the original undiluted sample were 

determined by multiplying the measured concentrations by the dilution factor. According to the 

manufacturer, normal reference ranges for healthy adults for IgA is 1.1-2.6 mg/mL and for IgM is 

0.23-1.4 mg/mL in sodium citrate plasma. 

 

3.5.3.2.2. Anti-ADAMTS13 IgM and IgA antibodies  

Antibodies (IgM and IgA) to ADAMTS13 in HIV-associated TTP plasma and HIV positive control 

samples were determined using an ELISA-based method. The ELISA assay was performed according 

to the methodologies of Scheiflinger et al. (2003), Rieger et al. (2005) and Ferrari et al. (2007) with 

slight modifications.  

In two separate ELISA experiments, a 96-well plate pre-coated with full-length recombinant 

ADAMTS13 (Technoclone, Austria) was used. Patient plasma samples were diluted 1:100 in PBS/1% 

Tween-20, and 100µL per well was added to the plate and incubated for 60 minutes at 37oC 

temperature. The plate was washed 4 times with PBS/1% Tween-20 using a microplate washer 

(VACUTEC, RSA) after each incubation step. Bound anti-IgM and IgA antibodies to ADAMTS13 were 

detected using HRP-conjugated monoclonal anti-human IgM antibody (Abcam, USA) specific to the 

human µ-chain and HRP-conjugated Anti-Human IgA antibody (Abcam, USA) specific to the human 

α-chain. The detection antibodies used in these experiments were specific for their immunoglobulin 

isotype to prevent any cross-reaction. The plates were incubated at room temperature for 60 

minutes. Bound antibodies were detected using a substrate solution of Ortho-phenylenediamine 
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(OPD, 5% in 0.1M Citric acid and 0.2M NA2HPO4 with 0.012% H2O2) and the reaction stopped using 

30µL/well of sulphuric acid (4M H2SO4). After that, absorbance was measured at 490 nm with a 

reference wavelength of 630 nm that was subtracted from each OD490 value obtained.  

Pooled normal human plasma (PNP) was included as a control and the cut-off value for a positive 

IgM/IgA titer was calculated as the average of the PNP OD490 value plus 2 standard deviations (2SD) 

calculated from several lots of PNP samples (Kumar and Rao, 1991). Patient plasma samples with 

values above the cut-off value were identified as positive for autoantibodies to the ADAMTS13 

protein. The cut-off OD490 value for anti-ADAMTS13 IgM obtained was 0.139 and for anti-

ADAMTS13 IgA was 0.114, (calculations included in Supplementary data 1). The results were 

interpreted as either positive (+) for the presence or negative (-) for the absence of anti-ADAMTS13 

IgM and IgA antibodies. 

Intra-assay and inter-assay precision of these two assays were determined by evaluating a single 

PNP sample and a reference TTP plasma samples positive for IgM/IgA autoantibodies to ADAMTS13 

in 20 consecutive assay runs for IgM and IgA detection respectively (intra-assay), and on 5 different 

days as well (inter-assay). The results were expressed as the percent coefficient of variation (%CV) 

according to the standard formula: % CV = SD/mean x 100%. The acceptable %CV for immunoassays 

was expected to be less than 20% (Findlay et al. 2000). 

 

3.5.4. VWF analysis  

Quantitative analysis of VWF antigen (VWF:Ag) and VWF propeptide (VWFpp) levels were 

determined with standard ELISA-based assays. Plasma levels of VWF:Ag and VWFpp levels reflect 

endothelial damage associated with TTP (Stufano et al. 2012; Haberichter et al. 2006; Ito-Habe et 

al. 2011; Lotta et al. 2011; van Mourik et al. 1999). A quantitative assessment of the VWF multimers 

size distribution was also performed with a quantitative immunoblotting assay. VWF analysis was 

performed on plasma samples from the HIV-associated TTP group (n=59) and the HIV-positive 

control group (n=100). Pooled normal human plasma (PNP) was included as a control.  

 

3.5.4.1. VWF antigen (VWF:Ag) levels  

The VWF:Ag ELISA-based assay was performed using the reference method detailed in the standard 

operating procedure (SOP) for the determination of VWF:Ag (SHL1-v5) currently used by the NHLS 

Special Haemostasis laboratory. 
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In short, high binding ELISA plates (Nunc, Denmark) were coated with 100µL/well rabbit anti-

human VWF antibody (2µL; P0226, Dako, Denmark) diluted in 12 mL phosphate-buffered saline 

(PBS, pH 7.4) per plate, and incubated overnight at 4oC in a humid container. After the incubation 

period, the plate was washed once with PBS/0.1% Tween-20 (Merck, USA) to remove the unbound 

antibody, using a microplate washer (VACUTEC, RSA). The World Health Organisation (WHO) 6th 

international standard plasma for VWF (NIBSC, UK) was used as a calibrator and added in the 

following concentrations: 100%, 50%, 25%, 12.5%, 6.25%. Normal (N) and abnormal (P) controls 

(Siemens, USA) were also included to ensure the accuracy and reproducibility of our results. The 

patient’s plasma samples and controls were double diluted 1:50 and 1:100 in PBS (pH 7.4) 0.1% 

Tween-20. The PBS/Tween-20 acts as a blocking solution to cover all the remaining binding surfaces 

of the plate that are not occupied by the coated protein. Then, 100µL/well of the standard, the study 

samples and control samples were added in duplicate to the coated plate, covered with parafilm 

(Lasec, USA), and incubated for 2 hours at 36oC (B6 incubator, Heraeus instruments , Germany). 

After 2 hours, the plates were washed 4 times with PBS/ 0.1% Tween-20. Then 100µL/well of a 

detection polyclonal rabbit anti-human VWF conjugated to horseradish peroxidase (1.5µL; P0226, 

Dako, Glostrup, Denmark) diluted in 12mL PBS/Tween-20 was added and the plate incubated at 

room temperature for a further 1 hour. After another wash step, 90µL/well of OPD substrate 

solution was added and the plate incubated for 3 minutes. Finally, the reaction was stopped by 

adding 30µL/well of stop solution consisting of sulphuric acid (4M H2SO4). The absorbance was 

measured at 490 minus 630nm (490-630nm) using the microplate reader (BioTek Synergy HT 

reader, USA). The VWF results of test plasma samples were read off from the reference curve.  

The VWF:Ag levels were calculated using the GraphPad Prism software 6 (GraphPad Software, USA) 

and reported in percentage (%) of normality. Normal ranges for VWF antigen levels are 50% - 150%. 

 

3.5.4.2. VWF propeptide (VWFpp) levels 

The VWF propeptide (VWFpp) levels were determined with reference to the methodologies 

described by Nossent et al. (2006), Haberichter, 2015, and Eikenboom et al. (2013) using mouse 

anti-human VWFpp antibody pair (MW1639, Cell science®, Newburyport, Massachusetts) by ELISA 

based assay. 

A high binding ELISA plate (Nunc MaxiSorp, ThermoFisher Scientific, USA) was coated with 

100µL/well of coating antibody (120µL CS-M193902-A; clone CLB-Pro 35) diluted in 12mL coating 

buffer (0.1 M carbonate/bicarbonate buffer, pH 9.6), covered with adhesive seal and incubated 
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overnight at 4oC. After the incubation period, the plate was washed 5 times with wash buffer (PBS/ 

0.1% Tween-20) and incubated for 2 hours at 37 oC with 200µL/well of dilution buffer with 1% bovine 

serum albumin (PBS/ 0.1% Tween-20/ 1% BSA, Sigma, USA) to prevent non-specific binding. A 

standard plasma (WHO 6th international standard plasma) was serially diluted 1:10, 1:20, 1:40, 1:80, 

1:160, 1:320, 1:640, 1:1280 and test samples were diluted 1:100 in dilution buffer (PBS/ 0.1% 

Tween-20/ 1% BSA). After the 2-hour incubation step, the plate was washed five times again with 

wash buffer, and 100µL/well of the prepared standards and samples added in duplicates. A dilution 

buffer was included as a blank. The plate was covered and incubated again for 2 hours at 37oC. 

Following another washing step 5x, 100µL/well of the HRP conjugated detection antibody (120µL 

CS-M193902-A; clone CLB-Pro 14.3), diluted in 12mL dilution buffer was added and the plate 

covered and incubated for another 2 hours at 37oC. The plate was washed again, and 100µL/well of 

the OPD-substrate solution added and the plate incubated in the dark for 15 minutes. Finally, the 

reaction was stopped by adding 100µL/well of stop solution - sulphuric acid (4M H2SO4) and 

absorbance read at 490-630 nm within 30 minutes using an ELISA reader (BioTek Synergy HT 

reader, USA).   

The results of test plasma samples were read off from the reference curve. The VWFpp levels were 

calculated using the GraphPad Prism software (GraphPad Software, USA) and reported in 

percentage (%). The normal reference range of plasma VWFpp is between 60% - 140%. 

 

3.5.4.3. VWF multimer analysis 

The VWF multimer analysis was performed with reference to the methodologies of Furlan et al. 

(1997) and the currently used NHLS SOPs (SHL5v3) for VWF Multimer analysis in the Special 

Haemostasis laboratory. VWF multimer analysis was performed on both HIV-associated TTP and 

HIV-positive control plasma samples. A PNP sample was included as normal control.   

VWF multimer analysis was performed using gel electrophoresis on sodium dodecyl sulphate (SDS 

0.7%) agarose gel. The SDS sample buffer allows for the separation of proteins to become fully 

denatured and dissociate from each other (Laemmli, 1970). The patient’s plasma samples were 

diluted in sample buffer (0.01 M Na2HPO4, 37mM Iodoacetate, 1% SDS, dissolved in distilled water; 

pH 7). The normal control sample with normal VWF:Ag levels (50-150%) was diluted 1:40, and 

samples with VWF:Ag levels above (>143%) were diluted 1:80, and with VWF:Ag (<41%) were diluted 

1:20 in sample buffer (pH 7.0). After sample preparation, diluted samples were incubated at 37oC 

for 1 hour to inactivate any proteases present in the samples that may produce a breakdown of 



69 
 

products, giving rise to spurious banding. After that, 10µL bromophenol blue (BPB, Abcam, UK) 

was added to 90µL of each diluted plasma sample and centrifuged at 14000 rpm for 1 minute. 

Bromophenol blue was used as a tracking dye during gel electrophoresis, allowing the progress of 

molecules moving through the gel to be monitored. After that, 10µL of plasma sample (in duplicates) 

was pipetted onto each lane of the agarose gel for electrophoresis and allowed to run for ±3 hours.  

Following electrophoresis, the separated protein bands were electro-blotted onto a nitrocellulose 

membrane (Biorad, USA) assembled in a Western Blot sandwich for visualization. The 

electrophoretic transfer conditions were maintained at a current limit of 0.300 A (300 mA) and 15 

Volts for 1 hour and 5 minutes in a Trans-Blot semi-dry electrophoretic transfer system (BioRad, 

USA) at 4oC. After electro-blotting, the membrane was blocked with 5% skimmed milk (Difco™, BD 

Biosciences, USA) diluted in 200mL Tris-buffered Saline with Tween-20  (TBS-T; 0.05M Tris, 0.1M 

NaCl, 0.1% Tween-20, dissolved in distilled water; pH 7.4) for 1 hour and 15 minutes to prevent non-

specific binding. This was followed by several washing steps with TBS-T. After that, the separated 

VWF multimers were detected using a rabbit anti-human VWF antibody conjugated to HRP (P0226, 

Dako) diluted 1: 2666 in TBS-Tween and incubated for another hour and 15 minutes at room 

temperature. A western blot chemiluminescence HRP-detection reagent (Takara Bio Inc. , Japan) 

was then added and the illuminating membrane exposed to an X-ray film for visualization using 

Gene tools analysis software (Syngene, USA). 

 

3.5.5. Extraction of IgG autoantibodies 

 
3.5.5.1. Antibody IgG extraction 

Total IgG was isolated from the plasma samples of the HIV- associated TTP group (n=53) and HIV 

positive control group (n=18) using NAbTM Protein G spin columns according to the manufacturer’s 

instruction (gravity-flow purification protocol, ThermoFisher Scientific, USA). Plasma samples with 

positive anti-ADAMTS13 IgG antibody titers were used in this part of the analysis.  

In short, the columns and buffers were allowed to equilibrate to room temperature for 15 minutes. 

The columns were placed in a 15mL falcon tube (Greiner bio-one, USA) to allow the storage 

solution to drain. To equilibrate a column, 5mL of binding buffer (PBS (NaCl 8g, Na2HPO4 1.44g, 

NaH2PO4 0.24g, 1L dH2O) pH 7.2 with HCl) was added to the column and allowed to drain through. 

In the meantime, 1mL patient plasma sample containing IgG was diluted 1:1 with a binding buffer 

and then added to the equilibrated column for the IgG antibodies to bind to the column. After that, 

the column was washed with 15mL of binding buffer again to remove all unwanted substances. After 



70 
 

the last wash, 5mL of the elution buffer that contained 0.1M glycine-HCl buffer, pH 2.3) was added 

to the column and the IgG antibodies were eluted from the column in 5 x 1mL fractions in eppendorf 

tubes (Eppendorf Tubes, Germany) each containing 100µL neutralizing buffer (1M Tris-HCl, pH 8.0). 

The eluted fractions were stored at 4oC for further analysis.  Each column was regenerated by adding 

8mL of the elution buffer, which was allowed to flow through. Followed by adding 3mL of a storage 

solution (0.02% sodium azide in PBS) to the column and stored at 4oC for later use.  

 

3.5.5.2. Quantification of purified IgG  

The protein concentration of the eluted IgG fractions was determined with a BioDrop 

spectrophotometer (BioDrop µlite, SERVA, Germany). The spectrophotometer was calibrated and 

blanked with elution buffer before analyzing the protein sample. The protein concentration of the 

sample was calculated by measuring absorbance at 280 nm. The instrument calculated the final 

concentration of the protein in mg/mL. To assess the purity of the isolated protein sample, fractions 

with an absorbance ratio of 260 divided by 280 (260/280) smaller than 0.6 indicated the absence of 

nucleic acid contamination and were then pooled (Wilfinger et al. 1997).  

 

3.5.5.3. The SDS-PAGE analysis of purified IgG 

Purified IgG antibodies were analysed by electrophoresis on 10% SDS polyacrylamide gel 

electrophoresis (PAGE) within a vertical slab gel apparatus (Bio-Rad, USA) at 100 Volts (PowerPac™ 

HC, Bio-Rad, USA). A control human monoclonal IgG antibody (Abcam, USA) was included. The 

SDS PAGE was performed at the NHLS Bloemfontein department of Virology, following the 

standardized operating procedure (SOP). The IgG antibody was denatured in sodium dodecyl 

sulphate (SDS) sample buffer under reducing and non-reducing conditions. The reducing sample 

buffer (5x) contains 0.3M Tris-HCl pH 6.8, 50% glycerol, 5% SDS, 0.01% Bromophenol blue, 100 nM 

dithiothreitol (DTT) and distilled water.  The DTT was omitted in the non-reducing sample buffer.  

These buffers were prepared according to the methods of Laemmli (1970).  

For the gel electrophoresis, the separating gel mixture was prepared first, pipetted into the gel cast 

to a height of 1 cm, and allowed to solidify for 60 minutes at room temperature. The stacking gel 

was then prepared, and the mixture pipetted on top of the separating gel to fill the cast and to 

allowed to solidify for 60 minutes. The 8% separating gel contained 2.67 mL of 30% Bis-acrylamide, 

2.75 mL of 1.5 M Tris-HCL, 100µL of 10% SDS, 2 mL of 50% glycerol, 75µL of 10% Ammonium 

persulphate, 10µL of TEMED and 2.395 mL deionized water.  The 4% stacking gel contained 0.667 
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mL of 30% Bis-acrylamide, 1.375 mL of 1.5 M Tris-HCL, 50µL of 10% SDS, 1 mL of 50% glycerol, 37.5µL 

of 10% Ammonium persulphate, 10µL of TEMED and 1.861 mL deionized water. The IgG samples 

were diluted to a final concentration of 150µg/mL in 75µL in PBS, pH 7.4. After that, the protein 

sample was diluted 4:1 in respective sample buffers. Samples were incubated for 5 minutes at 90oC 

and then centrifuged at 13000 rpm for 60 seconds. ThermoFisher Scientific protein ladder 

(PageRuler™ Prestained 10-180kDa Ladder, ThermoFisher Scientific, USA) was used to estimate 

the separated protein in the samples. Six (6) µL of the ladder was pipetted into the first well of each 

gel, followed by the addition of 30µL of the prepared samples into respective wells. The gel 

electrophoresis was run at 140 V for 60 minutes in a tank filled with running buffer (30g Tris, 144g 

glycine and 10g SDS in 1L dH2O).  

Once electrophoresis was completed, the gels were placed in Coomassie Blue staining (0.1% 

Coomasie blue, 40% ethanol, 10% acetic acid) for 1 hour at room temperature. The gels were rinsed 

with water and placed in a destaining solution (10% ethanol, 7.5% acetic acid) at room temperature 

on an orbital shaker until the desired background was achieved.  Molecular weight size for the IgG 

antibody is estimated to be 150 KD, while the molecular weight of a heavy chain is 50 KD and a light 

chain is 30 KD. 

 

3.5.5.4. Dialysis of purified IgG protein 

Antibody purities were dialyzed to remove unwanted low molecular weight substances/salt 

contamination. Two hundred microliter (200µL) of the antibody solution was transferred to pre-wet 

dialysis cups (10K MWCO Slide-A-Lyzer Mini Dialysis devices, ThermoFisher Scientific, USA). The 

filled dialysis cups were capped and placed in mini dialysis floating devices, which were transferred 

into a suitably sized beaker containing 3L PBS dialysis buffer (NaCl 11.68g, Na2HPHO4 9.44g, 

NaH2PO4 5.28g in 2L dH2O, pH 7.4) as shown in Figure 3.2. Antibodies were dialyzed at 4oC for 24 

hours against 3L volumes of PBS buffer while stirring using a magnetic stirrer. The buffer was 

changed every 6-8 hours. Once dialysis was completed, the dialyzed IgG protein concentration was 

determined using a spectrophotometer at 280 nm again. The eluted pure IgG protein as determined 

by the 260/280 absorbance ratio were pooled and aliquoted into 1.5mL eppendorf tubes (Eppendorf 

Tubes, Germany) and stored at 4oC until use.  
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Figure 3.2: A Mini floating device with 2mL dialysis cups fitted and placed into a suitable sized beaker. 

 

3.5.6. Epitope mapping studies of anti-ADAMTS13 IgG antibodies in HIV-associated TTP. 

3.5.6.1. Synthetic peptides 

An overlapping peptide library derived from the ADAMTS13 protein (GenBank accession: 

NM_139026.4; Appendix A) was designed and then synthesized by GenScript (USA). The peptide 

library consisted of 105 biotinylated peptides which were used to screen for regions containing 

linear B-cell epitopes using an ELISA-based method. Synthetic peptides were biotinylated at the N-

terminus (GenScript, USA). Peptide libraries for large proteins, such as ADAMTS13, are available 

but extremely expensive. Therefore, to minimize costs, we selected domains that significantly 

contribute to the function of ADAMTS13 and the binding of VWF under static conditions, according 

to published literature (see section 2.1). Our synthetic peptide library consisted of peptides from 

the metalloprotease domain, the disintegrin-like domains, the Cysteine-rich domain and the Spacer 

domains. The grouping of the synthesized peptide library is shown in Table 3.2.  
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Table 3.2: The ADAMTS13 domain groupings selected for designing a peptide library. 

 A peptide length of 20 amino acids that allowed a complete coverage of the domains was selected 

while minimizing the costs of the library production. The designed peptides were designed in a 20-

mer/15-mer overlapping format with an offset of 5 amino acids, as shown in Figure 3.3.  

 

AAGGILHLELLVAVGPDVFQ 
            LHLELLVAVGPDVFQAHQED 
                       LVAVGPDVFQAHQEDTERYV 
                                   PDVFQAHQEDTERYVLTNLN 
                                               AHQEDTERYVLTNLNIGAEL 
                                                            TERYVLTNLNIGAELLRDPS 
                                                                       LTNLNIGAELLRDPSLGAQF 
                                                                                   IGAELLRDPSLGAQFRVHLV 
                                                                                              LRDPSLGAQFRVHLVKMVIL 
                                                                                                         LGAQFRVHLVKMVILTEPEG 
                                                                                                                      RVHLVKMVILTEPEGAPNIT 
                                                                                                                                  KMVILTEPEGAPNITANLTS 

Figure 3.3. Overlapping linear peptide sequences from the Metalloprotease domain 75-150.  
The designed peptides are 20 amino acids long with 15 overlapping amino acids and an offset of 5 amino acids. 
 

Peptides were obtained as a lyophilised powder (1 mg) with a purity of more than 75% in individually 

labeled vials. Each biotinylated peptide was reconstituted to 1 mg/mL in distilled water and/ or with 

DMSO (Dimethyl sulfoxide, Merck, USA) as recommended by GenScript (USA). The reconstituted 

peptides were aliquoted to 100µL and stored at -20oC until use. A list of linear overlapping peptides 

derived from the selected ADAMTS13 domains is presented in Tables 3.3 and 3.4 respectively. Each 

peptide is 20 amino acids long, with 15 overlapping amino acids and an offset of 5 amino acids. 

Peptide name is derived from the relevant domain name and the relevant amino acid position is 

relative to the coding region of full-length ADAMTS13 protein. 

Domain grouping Position in 
ADAMTS13 
amino acid 
sequence 

Structure-Function 

Metalloprotease – Disintegrin domains 

(highlighted red and yellow) 

75 - 383 Catalytic domains. 

Cysteine-rich - Spacer domains (highlighted 

grey and magenta) 

440 - 680 Critical role in substrate recognition and 

binding, promoting proteolysis of VWF by 

ADAMTS13 
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Table 3.3: List of peptide sequences of the ADAMTS13 Metalloprotease to disintegrin-like domains (75-
384).  

No.:  Domain Position aa sequence Length 

MP1 Metalloprotease 75 – 94  AAGGILHLELLVAVGPDVFQ 20 
MP2 Metalloprotease 80 – 99  LHLELLVAVGPDVFQAHQED 20 
MP3 Metalloprotease 85 – 104 LVAVGPDVFQAHQEDTERYV 20 
MP4 Metalloprotease 90 – 109  PDVFQAHQEDTERYVLTNLN 20 
MP5 Metalloprotease 95 – 114  AHQEDTERYVLTNLNIGAEL 20 
MP6 Metalloprotease 100 – 119  TERYVLTNLNIGAELLRDPS 20 
MP7 Metalloprotease 105 – 124  LTNLNIGAELLRDPSLGAQF 20 
MP8 Metalloprotease 110 – 129  IGAELLRDPSLGAQFRVHLV 20 
MP9 Metalloprotease 115 – 134   LRDPSLGAQFRVHLVKMVIL 20 
MP10 Metalloprotease 120 – 139  LGAQFRVHLVKMVILTEPEG 20 
MP11 Metalloprotease 125 – 144 RVHLVKMVILTEPEGAPNIT 20 
MP12 Metalloprotease 130 – 149  KMVILTEPEGAPNITANLTS 20 
MP13 Metalloprotease 135 – 154  TEPEGAPNITANLTSSLLSV 20 
MP14 Metalloprotease 140 – 159  APNITANLTSSLLSVCGWSQ 20 
MP15 Metalloprotease 145 – 164  ANLTSSLLSVCGWSQTINPE 20 
MP16 Metalloprotease 150 – 169  SLLSVCGWSQTINPEDDTDP 20 
MP17 Metalloprotease 155 – 174  CGWSQTINPEDDTDPGHADL 20 
MP18 Metalloprotease 160 – 179  TINPEDDTDPGHADLVLYIT 20 
MP19 Metalloprotease 165 – 184  DDTDPGHADLVLYITRFDLE 20 
MP20 Metalloprotease 170 – 189  GHADLVLYITRFDLELPDGN 20 
MP21 Metalloprotease 175 – 194  VLYITRFDLELPDGNRQVRG 20 
MP22 Metalloprotease 180 – 199  RFDLELPDGNRQVRGVTQLG 20 
MP23 Metalloprotease 185 – 204  LPDGNRQVRGVTQLGGACSP 20 
MP24 Metalloprotease 190 – 209  RQVRGVTQLGGACSPTWSCL 20 
MP25 Metalloprotease 195 – 214  VTQLGGACSPTWSCLITEDT 20 
MP26 Metalloprotease 200 – 219  GACSPTWSCLITEDTGFDLG 20 
MP27 Metalloprotease 205 – 224  TWSCLITEDTGFDLGVTIAH 20 
MP28 Metalloprotease 210 – 229  ITEDTGFDLGVTIAHEIGHS 20 
MP29 Metalloprotease 215 – 234  GFDLGVTIAHEIGHSFGLEH 20 
MP30 Metalloprotease 220 – 239  VTIAHEIGHSFGLEHDGAPG 20 
MP31 Metalloprotease 225 – 244  EIGHSFGLEHDGAPGSGCGP 20 
MP32 Metalloprotease 230 – 249  FGLEHDGAPGSGCGPSGHVM 20 
MP33 Metalloprotease 235 – 254  DGAPGSGCGPSGHVMASDGA 20 
MP34 Metalloprotease 240 – 259  SGCGPSGHVMASDGAAPRAG 20 
MP35 Metalloprotease 245 – 264  SGHVMASDGAAPRAGLAWSP 20 
MP36 Metalloprotease 250 – 269  ASDGAAPRAGLAWSPCSRRQ 20 
MP37 Metalloprotease 255 – 274  APRAGLAWSPCSRRQLLSLL 20 
MP38 Metalloprotease 260 – 279  LAWSPCSRRQLLSLLSAGRA 20 
MP39 Metalloprotease 265 – 284  CSRRQLLSLLSAGRARCVWD 20 
MP/Dis40 Metalloprotease/Disintegrin 270 – 289  LLSLLSAGRARCVWDPPRPQ 20 
MP/Dis41 Metalloprotease/Disintegrin 275 – 294  SAGRARCVWDPPRPQPGSAG 20 
MP/Dis42 Metalloprotease/Disintegrin 280 – 299  RCVWDPPRPQPGSAGHPPDA 20 
Table continues… 
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Table continues… 

No.:  Domain Position aa sequence Length 
MP/Dis43 Metalloprotease/Disintegrin 285 – 304  PPRPQPGSAGHPPDAQPGLY 20 
Dis44 Disintegrin 290 – 309  PGSAGHPPDAQPGLYYSANE 20 
Dis45 Disintegrin 295 – 314  HPPDAQPGLYYSANEQCRVA 20 
Dis46 Disintegrin 300 – 319  QPGLYYSANEQCRVAFGPKA 20 
Dis47 Disintegrin 305 – 324  YSANEQCRVAFGPKAVACTF 20 
Dis48 Disintegrin 310 – 329  QCRVAFGPKAVACTFAREHL 20 
Dis49 Disintegrin 315 – 334  FGPKAVACTFAREHLDMCQA 20 
Dis50 Disintegrin 320 – 339  VACTFAREHLDMCQALSCHT 20 
Dis51 Disintegrin 325 – 345  AREHLDMCQALSCHTDPLDQ 20 
Dis52 Disintegrin 330 – 349  DMCQALSCHTDPLDQSSCSR 20 
Dis53 Disintegrin 335 – 354  LSCHTDPLDQSSCSRLLVPL 20 
Dis54 Disintegrin 340 – 359  DPLDQSSCSRLLVPLLDGTEC 20 
Dis55 Disintegrin 345 – 364  SSCSRLLVPLLDGTECGVEK 20 
Dis56 Disintegrin 350 – 369  LLVPLLDGTECGVEKWCSKG 20 
Dis57 Disintegrin 355 – 374 LDGTECGVEKWCSKGRCRSL 20 
Dis58 Disintegrin 360 – 379  CGVEKWCSKGRCRSLVELTP 20 
Dis/TSP1 59 Disintegrin/TSP1-1 365 - 383 WCSKGRCRSLVELTPIAAVH 20 

 
 

Table 3.4: List of peptide sequences from the ADAMTS13 Cysteine-rich to Spacer domains (440-684).  

No.: Domain Position aa sequence Length 
Cys1 Cysteine-rich 440 – 459  KTQLEFMSQQCARTDGQPLR 20 
Cys2 Cysteine-rich 445 – 464  FMSQQCARTDGQPLRSSPGG 20 
Cys3 Cysteine-rich 450 – 469  CARTDGQPLRSSPGGASFYH 20 
Cys4 Cysteine-rich 455 – 474  GQPLRSSPGGASFYHWGAAV 20 
Cys5 Cysteine-rich 460 – 479  SSPGGASFYHWGAAVPHSQG 20 
Cys6 Cysteine-rich 465 – 484  ASFYHWGAAVPHSQGDALCR 20 
Cys7 Cysteine-rich 470 – 489 WGAAVPHSQGDALCRHMCRA 20 
Cys8 Cysteine-rich 475 – 494  PHSQGDALCRHMCRAI GESF 20 
Cys9 Cysteine-rich 480 – 499  DALCRHMCRAIGESFIMKRG 20 
Cys10 Cysteine-rich 485 – 504  HMCRAIGESFIMKRGDSFLD 20 
Cys11 Cysteine-rich 490 – 509  IGESFIMKRGDSFLDGTRCM 20 
Cys12 Cysteine-rich 495 – 514  IMKRGDSFLDGTRCMPSGPR 20 
Cys13 Cysteine-rich 500 – 519  DSFLDGTRCMPSGPREDGTL 20 
Cys14 Cysteine-rich 505 – 524  GTRCMPSGPREDGTLSLCVS 20 
Cys15 Cysteine-rich 510 – 529  PSGPREDGTLSLCVSGSCRT 20 
Cys16 Cysteine-rich 515 – 534  EDGTLSLCVSGSCRTFGCDG 20 
Cys17 Cysteine-rich 520 – 539  SLCVSGSCRTFGCDGRMDSQ 20 
Cys18 Cysteine-rich 525 – 544  GSCRTFGCDGRMDSQQVWDR 20 
Cys19 Cysteine-rich 530 – 549  FGCDGRMDSQQVWDRCQVCG 20 
Cys/Spa20 Cysteine-rich/Spacer 535 – 554  RMDSQQVWDRCQVCGGDNST 20 
Cys/Spa21 Cysteine-rich/Spacer 540 – 559  QVWDRCQVCGGDNSTCSPRK 20 
Table continues… 
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Table continues… 
No.:  Domain Position aa sequence Length 
Cys/Spa22 Cysteine-rich/Spacer 545 – 564  CQVCG DNSTCSPRKGSFTA 20 
Cys/Spa23 Cysteine-rich/Spacer 550 – 569  GDNSTCSPRKGSFTAGRARE 20 
Spa24 Spacer 555 – 574  CSPRKGSFTAGRAREYVTFL 20 
Spa25 Spacer 560 – 579  GSFTAGRAREYVTFLTVTPN 20 
Spa26 Spacer 565 – 584  GRAREYVTFLTVTPNLTSVY 20 
Spa27 Spacer 570 – 589  YVTFLTVTPNLTSVYIANHR 20 
Spa28 Spacer 575 – 594  TVTPNLTSVYIANHRPLFTH 20 
Spa29 Spacer 580 – 599  LTSVYIANHRPLFTHLAVRI 20 
Spa30 Spacer 585 – 604  IANHRPLFTHLAVRIGGRYV 20 
Spa31 Spacer 590 – 609   PLFTHLAVRIGGRYVVAGKM 20 
Spa32 Spacer 595 – 614  LAVRIGGRYVVAGKMSISPN 20 
Spa33 Spacer 600 – 619  GGRYVVAGKMSISPNTTYPS 20 
Spa34 Spacer 605 – 624  VAGKMSISPNTTYPSLLEDG 20 
Spa35 Spacer 610 – 629  SISPNTTYPSLLEDGRVEYR 20 
Spa36 Spacer 615 – 634  TTYPSLLEDGRVEYRVALTE 20 
Spa37 Spacer 620 – 639  LLEDGRVEYRVALTEDRLPR 20 
Spa38 Spacer 625 – 644  RVEYRVALTEDRLPRLEEIR 20 
Spa39 Spacer 630 – 649  VALTEDRLPRLEEIRIWGPL 20 
Spa40 Spacer 635 – 654  DRLPRLEEIRIWGPLQEDAD 20 
Spa41 Spacer 640 – 659  LEEIRIWGPLQEDADIQVYR 20 
Spa42 Spacer 645 – 664  IWGPLQEDADIQVYRRYGEE 20 
Spa43 Spacer 650 – 669  QEDADIQVYRRYGEEYGNLT 20 
Spa44 Spacer 655 – 674  IQVYRRYGEEYGNLTRPDIT 20 
Spa45 Spacer 660 – 679  RYGEEYGNLTRPDITFTYFQ 20 
Spa/TSP1 46 Spacer/TSP1-2 665 – 684  YGNLTRPDITFTYFQPKPRQ 20 

 

  

3.5.6.2. Development of a Peptide ELISA 

 A Peptide ELISA was developed using the synthetic peptides from our peptide library (GenScript, 

USA) as antigens and an HRP conjugated monoclonal anti-Human IgG antibody specific for the Fc-

region (Abcam, United Kingdom) as a detection antibody. The schematic presentation of the 

peptide ELISA principle is shown in Figure 3.4. 
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Figure 3.4. A schematic presentation of a Peptide ELISA.  
Biotinylated peptides are immobilized to a streptavidin-coated microwell. Binding events are observed from incubating 
a primary antibody (isolated IgG’s form patient’s plasma) and an HRP-linked secondary antibody. The addition of a 
substrate elicits a chromogenic signal. 
 

Purified ADAMTS13 IgG autoantibodies extracted from 53 individual HIV-associated TTP plasma 

samples and 18 HIV positive control plasma samples were used to identify peptides with potential 

epitope sites. To develop the peptide ELISA, we first had to determine the viability of the 

streptavidin surface of the plate by doing a plate viability assay. 

 

3.5.6.3. Plate viability assay 

The viability of the streptavidin (SA) surface coated plate to biotin-binding capacity was determined 

using methodologies published by Sigma-Aldrich (USA) with slight modifications to the protocol. 

Lyophilized streptavidin (5mg) purchased from GenScript (USA) was diluted in 5mL distilled water 

to produce a final stock concentration of 1mg/mL and stored in aliquots of 1mL at -20oC. In order to 

coat the ELISA plate (Nunc), the 1mg/mL streptavidin stock was diluted to a final concentration of 

200ng/mL in PBS (pH 7.4). The 200 ng/mL concentration is recommended to be the optimal 

concentration for SA coating ELISA plates that can bind biotin (GenScript, USA).  

For the assay, 100µL of the diluted SA solution (200 ng/mL) was added to wells of the ELISA plate. 

The plate was sealed and incubated at 4oC overnight. The following day, the plate was washed 4 

times with 300µL/well of PBS/0.05% Tween-20 using a microplate washer. A biotinylated 

horseradish peroxidase antibody (1 mg/mL; P09568, Sigma-Aldrich, USA) was diluted 1:10000, 

1:20000, 1:30000, 1:40000 and 1:50000 in PBS/0.05% Tween-20 and 50µL was added per well. 

These dilutions are further referred to as dilution 1, 2, 3, 4, and 5.  A negative control (streptavidin-

peroxidase (S5512, Sigma-Aldrich, USA) of the same dilutions was also added to a set of wells in 

duplicate. A blank (50µL/well of PBS/0.05% Tween-20) was further added in duplicate. The wells 

ELISA plate microwell surface 

P auto Ab 

Streptavidin 
Antigen-Peptide  

Substrate 

Biotin N-terminal  

HRP conjugated anti-human mAb  
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were incubated at room temperature for 30 minutes and washed four times again with PBS/0.05% 

Tween-20. After the final wash, 50µL/well of OPD substrate was added and incubated for 15 minutes 

at room temperature. The reaction was stopped with 25µL/well sulphuric acid (4M H2SO4) and 

absorbance measured at 490-360 nm. The mean OD490 value of the blank was subtracted from each 

mean OD490 value of the sample.  A curve with good linearity indicates biotin binding.    

 

3.5.6.4. Peptide ELISA 

To develop the Peptide ELISA, the purified IgG of a plasma sample that tested positive for IgG 

autoantibodies to ADAMTS13 was used as positive control and an IgG depleted PNP was used as a 

negative control. The negative control sample was depleted of IgG antibodies using Protein G affinity 

chromatography described in 3.5.4.1. In short, PNP was added to the equilibrated column at room 

temperature and allowed to drain through. The IgG-free plasma was collected into a 1.5 mL 

Eppendorf tube (Eppendorf Tubes, Germany).  

The biotinylated peptides served as antigens in this ELISA and were first pooled together in pools of 

ten peptides each. A peptide pool with good antigenicity was selected for the development of the 

peptide ELISA method.  

Checkboard titrations (CBT) were performed to determine the optimal concentrations for coating 

of biotinylated peptides, antibody concentration for optimal binding, and the concentration of the 

commercial HRP-conjugated anti-human IgG antibody. This is a very important part of setting up an 

ELISA, which allows testing with an optimal concentration of coated peptides that is able to 

successfully bind antibodies, which can be detected with an optimal amount of conjugated anti-

human antibody at a low background. 

First, titrations of the biotinylated peptides include the following: 16, 8, 4, 2, 1, and 0.5 µg/mL each 

in a pool containing multiple peptides. A purified IgG antibody that was known to bind positively to 

ADAMTS13 was diluted to 1, 4, 8, 12, 16, 20, and 24 µg/mL. The negative control sample was diluted 

1:50, 1:100, 1:200, 1:400, 1:800, 1:1600 and 1:3200. The commercial HRP conjugated monoclonal 

anti-human IgG antibody (Abcam) was diluted to the recommended dilution of 1:1000 according to 

the manufacturer. The peptides, control samples and the HRP-conjugated anti-human IgG antibody 

were diluted in PBS/ 0.05% Tween-20 (11.68g NaCl, 9.44g Na2HPO4, 5.38g NaH2PO4 and 1mL, 

Tween-20 dissolved in 2L dH2O). 

For the titration assay, the plates were pre-coated with 200ng/mL streptavidin incubated overnight 

at 4oC and washed before use. The plates were washed 4x with 300µL/well of PBS/ 0.05% Tween-
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20 (pH 7.4) using microplate washer (VACUTEC, RSA) between incubation steps. After that, 

different dilutions of diluted peptides were added (100µL/well) from column 1 to column 6, while 

the blank was added in column 7. The plate was incubated for 2 hours at 37oC, and then washed 4 

times again. A hundred µL of each dilution of the control sample was added from row A to row G, 

while the blank was added to row H. One of the columns, column 7 did not contain diluted peptides 

but contained a dilution range of the control sample. Row H however, contained a dilution range of 

the peptide but no control sample. These rows served as background controls to measure non-

specific background binding. The negative control sample was added in the same way as the positive 

control sample on a separate ELISA plate. The plates were incubated again at 37oC for 1 hour. Then, 

100µL/well of diluted HRP conjugated anti-human IgG detection antibody diluted 1:1000 was added 

to the plate and incubated for 1 hour at room temperature. This was followed by another wash step 

and 100µL/well of the OPD substrate was added to both the plates. The plates were incubated for 

10 minutes until a visible colour change was observed. Then 30µL/well of sulphuric acid (4M H2SO4) 

was added to the plate to stop the reaction, and absorbance measured at 490-630 nm.  The 

titrations of the peptides and controls for the Peptide ELISA assay are shown in Figure 3.5. 

 

 

 

 1 2 3 4 5 6 7 8 9 10 11 12 

A             

B             

C             

D             

E             

F             

G             

H             

Figure 3.5: Checkerboard titration of peptide antigen and control samples.  
Columns 1 to 6 contained a dilution range of peptides and rows A to G contains a dilution range of control samples. Row 
7 contains no peptides but contains a dilution range of the control sample and row H contains a dilution range of the 
peptides, but no control sample. 
 

Peptide dilutions 

Control 
dilutions 

 

No sample 
dilution 

No peptide dilution 
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To determine the appropriate conjugate dilution that allows a strong signal to be produced while 

minimizing background interference, the HRP conjugated monoclonal anti-human IgG antibody was 

diluted from 1:500, 1:1000, 1:2000, 1:4000, 1:8000, 1:16000 to 1:32000.  

The ELISA procedure was followed the same way as in the initial titration assay for peptides and the 

IgG antibodies. In short, a streptavidin-coated ELISA plate was washed 4 times, coated with a pre-

determined optimal concentration of pooled peptides, and incubated for 2 hours at 37oC. Following 

another wash step 4x, 100µL/well of the optimum dilution of the negative control sample was added 

to the plate in duplicate in columns 1 and 2, and of positive control in columns 3 and 4. A blank was 

added to columns 5 and 6. The plate was incubated at 37oC for 1 hour. Then 100µL/well of dilution 

range of HRP conjugated detection antibody was added from row A to G in duplicate. The plate was 

incubated for 1 hour at room temperature and washed again. Lastly, 100µL/well of OPD substrate 

was added to the plate and the reaction stopped with sulphuric acid after 10 minutes. Then 

absorbance was measured at 490-630nm. The titrations of the HRP-conjugated anti-human 

detection antibody are shown in Figure 3.6. 

 

 

Conjugate 
dilution 

 1 2 3 4 5 6 7 8 9 10 11 12 

1:500 A N N P P BL BL       
1:1000 B             
1:2000 C             
1:4000 D             
1:8000 E             
1:16000 F             
1:32000 G             
 H             

Figure 3.6: Checkerboard titration of HRP conjugated detection antibody.  
Dilution of the peptide coat and the control samples (N-negative, P- positive) was constant for the whole plate. The 
conjugate detection antibody diluted from 1:500 to 1:32000 was added from row A to G. BL=blank. 

 

To minimize the non-specific binding, blocking conditions were optimized following the 

methodologies of Waritani et al. (2017), with slight modifications. Different blocking solutions were 

prepared using the BSA protein (Bovine serum albumin, Sigma, USA) at different concentrations 

(0.5%, 1%, and 2%), diluted in PBS/ 0.05% Tween-20 solution. To measure non-specific binding, a 

blank was included with each dilution on the plate. The plate was blocked at 37oC for 2 hours.  

HRP-conjugated 
detection 
antibody 

Control samples Blank 
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The same ELISA procedure was followed to assess blocking conditions. The streptavidin-coated 

ELISA plate was washed once and blocked with 200µL/well of different concentrations of blocking 

buffer. After blocking, the plate was washed 4x with PBS/0.05% Tween-20. The plate was coated 

with an optimal concentration of pooled peptides from columns 1 to 6 and incubated for another 2 

hours at 37oC. Columns 7 to 12 contained no peptide coating. Following another wash step, the 

plate was blocked again with 200µL/well of different dilutions of blocking buffer. Then incubated 

for another 2 hours at 37oC and washed again. A 100µL/well of the optimal concentration of the 

positive and negative control samples was added to the plate and incubated at 37oC for 1 hour. 

Followed by the addition of 100µL/well of HRP conjugated detection antibody diluted to optimal 

concentration. PBS/0.05% Tween-20 was included as a blank on the plate. Lastly, 100µL/well of OPD 

substrate was added to the plate and the reaction stopped with sulphuric acid after 10 minutes. The 

absorbance was measured at 490-630 nm. The titrations of the blocking buffer are shown in Figure 

3.7. 

 

 

BSA 
dilution 

 1 2 3 4 5 6 7 8 9 10 11 12 

0.5% BSA A P P N N BL BL P P N N BL BL 
 B             
1% BSA C P P N N BL BL P P N N BL BL 

 D             
2% BSA E P P N N BL BL P P N N BL BL 

 F             
 G             
 H             

Figure 3.7: Checkerboard titration of blocking conditions.  
Different blocking dilutions were used in peptide coated and peptide non-coated wells. Samples (N-negative; P-positive) 
were prepared the same way for both antigen-coated and non-coated wells to determine background noise for all the 
wells. BL-blank. 

 

Once the Peptide ELISA was optimized, assay precision was determined using separate ELISA assays. 

A positive control (a purified sample containing IgG antibody against ADAMTS13) and a negative 

control sample were assayed 20 times in a single ELISA plate. The developed Peptide ELISA plate 

procedure was followed as previously described.  

Peptide coated wells Peptide non-coated wells 
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Intra-assay and inter-assay precision of the developed Peptide ELISA was determined by using a 

purified anti-ADAMTS13 IgG sample and a negative control sample. The samples were assayed 20 

times on one plate (intra-assay) and on 5 different days (inter-assay) to validate the developed 

peptide ELISA. The results were expressed as the percentage coefficient of variation (%CV) according 

to the standard formula: % CV = SD/mean x 100%.   

The positive cut-off value for the Peptide ELISA system was determined using the mean absorbance 

of a negative control plus 2 standard deviations (Kumar and Rao, 1991). Samples with OD value at 

490-630 nm that were higher than the cut-off value was considered as positive and samples with 

the OD value at 490-630 nm that was less than the cut-off value were considered as negative. The 

mean OD490 of two blank wells was subtracted from each OD490 value of the sample wells. 

 

3.5.6.5. Monitoring binding of purified IgG antibodies to linear overlapping peptides of 

ADAMTS13 using Peptide ELISA. 

Epitope mapping studies involved the screening of our peptide library consisting of 105 overlapping 

biotinylated peptides to monitor binding events for each patient’s purified IgG sample using the 

Peptide ELISA. All our synthetic peptides had a purity of more than 75% and for the assay, peptides 

were tested individually and not in a pool. 

We first pre-coated a 96-well microtiter plate (Nunc) with 100µL/well of streptavidin (200ng/mL, 

GenScript, USA) diluted in PBS buffer (pH 7.2) and incubated it overnight at 4oC. The following day, 

the plates were washed 4x with 300µL/well of PBS/ 0.05% Tween-20 (pH 7.4) using the microplate 

washer (VACUTEC, RSA) and blocked with 200µL/well of blocking buffer for 2 hours at 37oC. The 

plates were washed again 4x after incubation, and 100µL/well of each diluted peptide was added 

to a pre-coated microtiter plate and incubated at 37oC for 2 hours. This was followed by another 

washing step (4x). The plates were blocked again with 200µL/well of blocking buffer for 2 hours at 

37oC. Following another wash step (4x), 100µL/well of the purified IgG antibody from each patient 

diluted in PBS/ 0.05% Tween-20 was added in duplicate to each plate. A blank and a negative control 

sample (IgG depleted plasma sample) were included in duplicate in each plate. The plates were 

incubated for 1 hour at 37oC and then washed again 4x. We then added 100µL/well of an HRP-

conjugated monoclonal anti-human IgG antibody (Abcam) for detection. The plates were 

incubated for one hour at room temperature, followed by another wash 4x. Lastly, 100µL/well of 

the OPD substrate was added to the plates and the plates incubated for 10 minutes at room 
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temperature. To stop the reaction, 30µL/well of sulphuric acid (4M H2SO4) was added to the plate, 

and the absorbance measured at 490-630 nm.  

The mean OD490 value of the two blanks was subtracted from all other OD490 values. Each plate 

contained a negative control. Samples with OD490 values greater than the cut-off value (mean 

absorbance of the negative control plus 2 standard deviations) were considered as having positive 

binding to the respective peptide and samples with OD490 values of less than the cut-off value were 

considered as having no binding to the respective peptide.  

 

3.6. Statistical analysis 

Results were summarized by frequencies, percentages (categorical variables) and means, standard 

deviations or percentiles (numerical variables). Groups were compared using the Student’s T-test 

and a p-value of < 0.05 was considered as statistically significant. GraphPad Prism software 6 

(GraphPad Software Inc, CA, USA) was used for all the statistical analyses.  
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Chapter 4: Results 

 
Study samples were confirmed to be from HIV positive patients by HIV (1+2) Antigen/Antibody ELISA 

analyses (Xpress bio, USA) (Table 4, Supplementary data 2). 

 

4.1. ADAMTS13 antigen and activity levels 

The results of ADAMTS13 antigen and activity levels for both groups (HIV positive patients with and 

without TTP) are presented in Table 4.1 (Supplementary data 3). The ADAMTS13 parameters of 

HIV-associated TTP and HIV positive patient samples were compared, and assessed for statistically 

significant differences.   

We found statistically significant differences between the two groups (p <0.05). The HIV-associated 

TTP group presented with severely reduced to undetectable ADAMTS13 antigen and activity levels. 

The HIV positive control group in contrast had slightly reduced ADAMTS13 antigen and activity levels 

(Figure 4.1). 

 

 

 

 

 

 

Figure 4.1: ADAMTS13 antigen and activity levels of plasma samples from patients with HIV-associated TTP 
(blue circles) and the HIV positive patients without TTP plasma group (red squares). 
 

Fifty-nine (59) plasma samples from patients confirmed to suffer from HIV-associated TTP with 

severely reduced ADAMTS13 activity of less than 10% were selected, including 30 plasma samples 

with undetectable ADAMTS13 activity. The ADAMTS13 antigen levels of HIV-associated TTP patient 

plasma samples ranged from 0% – 48%, including 8 samples having undetectable ADAMTS13 

antigen levels of 0%.   

Hundred (100) control plasma samples from HIV positive patients without TTP had ADAMTS13 

antigen levels ranging from 36% - 130% with ~85% in the normal range of 50% - 160% and 15% with 
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slightly low levels of 36% - 50%. The ADAMTS13 activity levels detected in this control group of 

patients with HIV infection but without TTP ranged from 25% - 116%, with 11% being below 50% 

(25-49%), and 89% in the normal range (50-150%). The ADAMTS13 antigen and ADAMTS13 activity 

levels of the HIV-associated TTP group and the HIV positive control group are compared in Table 

4.1.1. Statistical significance was indicated when there was a p-value of <0.05.  

 

Table 4.1.1: ADAMTS13 antigen and ADAMTS13 activity levels of HIV-associated TTP and HIV positive 
without TTP patient plasma samples.  

Parameter  
HIV-associated TTP group 

(n=59) 
HIV positive group 

(n=100) 
Significance 

(p-value) 
• Median ADAMTS13 antigen 

levels (range) 

• Mean ±SD 

• 9 (0-48) % 
 

 
• 10.88±11.58 

• 66 (36-130) % 
 

 
• 72.24±29.73 

 
<0.05 

• Median ADAMTS13 activity 

(range) 

• Mean ±SD 

• 0 (0-10) % 
 
 

• 1.81±2.12 

• 71 (25-116) % 
 
 

• 74.12±21.14 

 
<0.05 

n, number of samples. 

 

The 2 groups differed significantly with the HIV-associated TTP patients group having reduced 

ADAMTS13 antigen and significantly reduced activity levels. 

 

4.2. Autoantibodies to ADAMTS13  

4.2.1. Anti-ADAMTS13 IgG antibodies 

Fifty-three, 53 (90%) of the 59 plasma samples from HIV-associated TTP patients had anti-

ADAMTS13 IgG autoantibodies compared to 18 from the 100 HIV-positive patient samples without 

TTP (18%), which was a statistically significant difference (p <0.05) (Table 4.2, Supplementary data 

4).  

The HIV-associated TTP patient plasma samples had anti-ADAMTS13 IgG antibody titers ranging 

from 2-223 µg/mL with 53 (90%) samples with titers >15 µg/mL (positive), 7% with clinically 

insignificant titers of < 12 (negative) and 3% with a borderline result of 12-15 µg/mL.  

Seven (7) HIV-associated TTP patient samples (samples TTP-7, -35, -37, -43, -51, and -53) had 

significantly reduced ADAMTS13 antigen and activity levels but insignificant anti-ADAMTS13 IgG 

antibody titers pointing towards possible congenital TTP or an alternative pathophysiological 

mechanism of the TTP disease.  



86 
 

The HIV positive control cohort plasma samples had anti-ADAMTS13 IgG antibody titers ranging 

from 1-87 µg/mL with 18% of samples with titers > 15 µg/mL (positive), 74% with titers of < 12 

(negative) and 8% with a borderline result of 12-15 µg/mL (Figure 4.2). 

 

 

 

 

 

 

 

 

 

Figure 4.2: Anti-ADAMTS13 IgG antibody results of the HIV-associated TTP (blue circles) and the HIV 
positive (red squares) patient plasma samples. 

 

The anti-ADAMTS13 IgG autoantibody titers between the HIV-associated TTP group and the HIV 

positive group are compared in Table 4.2.1 (Statistical significance, p-value < 0.05).  

Table 4.2.1: Anti-ADAMTS13 IgG autoantibodies in HIV-associated TTP and HIV positive control cohorts.  

Parameter 
HIV-associated TTP group 

(n=59) 
HIV positive group  

(n=100) 
Statistics 
(p-value) 

• Median Anti-ADAMTS13 

IgG antibody titer (ranges) 

• Mean ± SD  

• 42 (2 – 223) µg/mL 

 
• 54.88 ± 43.26 

• 7 (1 – 87) µg/mL  

 
• 11.76 ± 14.78 

 

p < 0.05 

 

n, number of samples. 

 

The ADAMTS13 levels were compared to the anti-ADAMTS13 IgG antibody titer in both groups. 

There was no correlation between the ADAMTS13 antigen levels and the antibody titres in the HIV-

associated TTP cohort (Figure 4.3). However, patient plasma samples with high anti-ADAMTS13 IgG 

antibody titers had low median ADAMTS13 antigen levels of 4.5%, which was lower compared to 

those with low anti-ADAMTS13 IgG titers and a high median ADAMTS13 antigen levels of 12.5%. The 

statistics of the ADAMTS13 antigen levels and the anti-ADAMTS13 IgG titers in HIV-associated TTP 

with high and low autoantibody titers are shown in Table 4.2.2. 
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Table 4.2.2: ADAMTS13 antigen levels and anti-ADAMTS13 IgG antibody titer results of HIV-associated TTP 
patient plasma samples.  

 
Parameter 

High anti-ADAMTS13 IgG 
antibody titer 

(n=24) 

Low anti-ADAMTS13 IgG 
antibody titer 

(n=29) 
• Median Anti-ADAMTS13 IgG antibody 

titer (ranges) 

• Mean ± SD 

• 89 (54 – 223) µg/mL 

 

• 94±38.72 

• 26 (16 – 48) µg/mL 

 

• 27±9.34 

• Median ADAMTS13 antigen levels 

(ranges) 

• Mean ± SD 

• 4.5 (0 – 30) % 

 

• 7.08±7.55 

• 12.5 (0 – 48) % 

 

• 14±13.06 

n, number of samples. 

 
There was no correlation between ADAMTS13 levels and anti-ADAMTS13 IgG titer in the HIV positive 

control cohort samples: 17 of the 18 patient samples with positive anti-ADAMTS13 IgG antibody 

titers had normal ADAMTS13 antigen and activity levels. However, 1 HIV positive plasma sample 

(sample HIV-60) had a high anti-ADAMTS13 IgG titer (87µg/mL) and a slightly low ADAMTS13 

antigen level (37%) and activity (33%).  

 

4.2.1.1. Mixing studies 

Mixing studies were performed on HIV-associated TTP patient samples with an ADAMTS13 activity 

of less than 10% together with a positive anti-ADAMTS13 IgG antibody titer. The results of the 

mixing studies and the inhibitory Bethesda units for individual HIV-associated TTP patient plasma 

samples are presented in Table 4.3 (Supplementary data 5).  

Thirty-six, 36 (68%) plasma samples from 53 HIV-associated TTP patients had inhibitory anti-

ADAMTS13 IgG antibodies, while non-inhibitory anti-ADAMTS13 IgG antibodies were detected in 17 

(32%) plasma samples using mixing studies. Samples detected with inhibitory (neutralizing) anti-

ADAMTS13 IgG antibodies is interpreted as “No correction”, while the presence of non-neutralizing 

anti-ADAMTS13 IgG antibodies is interpreted as “Correction” in Table 4.3.   

Sixteen (16) of the 36 HIV-associated TTP patient plasma samples with inhibitory anti-ADAMTS13 

IgG antibodies had strong inhibitors indicated by a persisting ADAMTS13 activity of <10% in 50:50 

mixing studies. Twenty (20) samples had a positive antibody titer but low inhibition, as shown by 

the Bethesda assay, suggesting the presence of weak inhibitors. Interestingly, samples TTP-9 and -

20 had high titers of anti-ADAMTS13 IgG antibodies (223 and 77 µg/mL respectively), but corrected 

with the mixing test, indicating the absence of inhibitory autoantibodies. This may suggest an 
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antibody-mediated clearance of ADAMTS13 in these samples. Statistics of the anti-ADAMTS13 IgG 

antibody titer results and Bethesda assay results for HIV-associated TTP plasma samples are 

presented in Table 4.3.1. 

 

Table 4.3.1: Anti-ADAMTS13 IgG antibody concentrations and Bethesda Inhibitory (BU) results in HIV-
associated TTP patient plasma samples.  

Anti-ADAMTS13 IgG 

antibodies 

Number of 

samples 

Median Anti-ADAMTS13 IgG 

antibody titer (ranges) 

Median Bethesda Units  

(BU/mL) (ranges) 

Non inhibitory  17/53 26 (17 - 223) µg/mL <0.5 

Low inhibition <5BU 17/53 42 (18 - 86) µg/mL 1.85 (0.64 – 4.54) BU 

Strong inhibition >5BU 19/53 96 (32 – 175) µg/mL 9.74 (5.10–17.92) BU 

 

4.2.2. IgM and IgA antibodies  

4.2.2.1. Total IgM and IgA antibodies in patient plasma 

Patient plasma samples with HIV-associated TTP as well as HIV infected control cohort without TTP 

with positive anti-ADAMTS13 IgG titers were screened for total plasma IgM and IgA antibodies 

(Table 4.4, Supplementary data 6). 

Plasma concentrations of IgM and IgA antibodies from individual HIV-associated TTP patient 

samples were slightly increased compared to those from the HIV infection without TTP (the control 

cohort), with a statistically significant difference (p < 0.05).   

The IgM levels were increased in 38 of the 53 (72%) HIV-associated TTP patient samples compared 

to 2 of the 18 (11%) HIV positive control cohort patient samples and IgA levels were increased in 21 

of the 53 (40%) HIV-associated TTP patient samples and were normal in the HIV positive control 

cohort samples (Table 4.4.1). 
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Table 4.4.1: The mean concentrations of IgM and IgA in HIV-associated TTP and HIV positive groups.  

Parameter 
HIV-associated TTP group 

(n=53) 

HIV positive group 

(n=18) 

Significance  

(p-value) 

• Median IgM level (ranges)  

• Mean ± SD 

• 1.6 (1.05 – 2.35) mg/mL 

• 1.59 ± 0.27 

• 0.61 (0.2 – 2) mg/mL 

• 0.82 ± 0.46 
p < 0.05 

• Median IgA level (ranges)  

• Mean ± SD 

• 1.85 (1.06 - 2.98) mg/mL 

• 2.10 ± 0.60 

• 1.6 (1.41 – 1.92) mg/mL 

• 1.66 ± 0.15 
P < 0.05 

n, number of samples. 

 

4.2.2.2. Anti-ADAMTS13 IgM and IgA antibodies  

Qualitative determination of anti-ADAMTS13 IgM and IgA antibodies were performed. The results 

of the IgM and IgA autoantibodies to ADAMTS13 detected in individual HIV-associated TTP and HIV 

positive control plasma samples are presented in Table 4.5A (Supplementary data 1).  

Anti-ADAMTS13 IgM antibodies were present in 16 (30%) and absent in 37 (70%) of the 53 HIV-

associated TTP patient plasma samples. Anti-ADAMTS13 IgA antibodies were present in 34 (64%) 

and absent in 19 (36%) of the HIV-associated TTP patient plasma samples. Both anti-ADAMTS13 IgM 

and IgA autoantibodies were detected in only 15 (28%) of the 53 HIV-associated TTP patient plasma 

samples (Figure 4.3).  

Five, 5 (28%) of the 18 plasma samples from the control cohort had anti-ADAMTS13 IgM antibodies 

and 4 (22%) had anti-ADAMTS13 IgA antibodies. Both anti-ADAMTS13 IgM and IgA antibodies were 

detected in 4 (22%) of these 18 plasma samples (Figure 4.3). 
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Figure 4.3: Anti-ADAMTS13 IgM and IgA autoantibody results in HIV-associated TTP and HIV positive 
control cohort patient plasma samples. 

 

The validation results of the anti-ADAMTS13 IgM and IgG antibody assay are presented in Table 

4.5.1 and Table 4.5.2, respectively. Both anti-ADAMTS13 IgM and IgA ELISA assays showed good 

reproducibility of results with an inter-assay coefficient of variation (CV) of 5.74% and 6.54% 

respectively with calculations included in Table 4.5B (Supplementary data 6). 

 

Table 4.5.1: Precision results for anti-ADAMTS13 IgM antibody ELISA assay. 
 

 

Statistic(s) 

Intra-assay precision results 

Samples Positive 

for IgM 

Samples Negative 

for IgM 

Mean OD (M) 0.41 0.10 

Standard deviation (SD) 0.02 0.01 

Coefficient of variation (CV) = (SD/M)*100% 4.09% 7.36% 

Inter-assay CV = (CV of Positive + CV of Negative)/2 5.74% 
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Table 4.5.2: Precision results for anti-ADAMTS13 IgA antibody ELISA assay 

 

 

4.3. VWF analysis 

The HIV-associated TTP patient plasma samples (n=59) with severe ADAMTS13 activity of <10% and 

the control cohort samples (n=100) were analyzed for VWF levels and statistically significant 

differences were calculated.  

 

4.3.1. VWF antigen (VWF:Ag) levels  

Eighteen, 18 (14%) of the HIV-associated TTP patient samples had normal VWF:Ag levels (50 - 150%) 

and 49 (86%) had VWF:Ag levels above the normal range i.e. >150% of which 29 (51%) had 

significantly raised VWF:Ag of more than 200%. In the HIV positive control cohort, 31% of the 

samples had VWF:Ag levels within the normal range of 50-150%, while 69% had increased levels of 

>150%, of which 24 (24%) were significantly raised at >200% (Table 4.6 of Supplementary data 7).  

In summary, the VWF:Ag levels in both the HIV-associated TTP group and the HIV positive control 

group were normal to significantly increased 70-700% and 61-538% respectively. No statistically 

significant difference was observed between the 2 groups (p-value = 0.15, thus >0.05) (Table 4.6.1). 

 

Table 4.6.1: von Willebrand factor antigen levels in HIV-associated TTP and HIV positive plasma samples.  

Statistic(s) 
HIV-associated TTP group 

(n=59) 
HIV positive group 

(n=100) 

Median VWF:Ag level (range) 201 (70 - 700) % 190 (61-538) % 

Mean ± SD 230 ± 120 % 206 ± 88 % 

Statistical significance (p-value) p=0.15 

n-number of samples. 

 

 

Statistic(s) 

Intra-assay precision results 

Samples Positive 

for IgA 

Samples Negative 

for IgA 

Mean (M) 0.26 0.09 

Standard deviation (SD) 0.02 0.01 

Coefficient of variation (CV) = (SD/M)*100% 6.13% 6.94 

Inter-assay CV = (CV of Positive + CV of Negative)/2 6.54% 



92 
 

The VWF:Ag levels in the patient plasma samples of both groups were compared in respect of 

ADAMTS13 levels. Plasma samples with abnormally high VWF:Ag levels (>150%) had severely 

reduced ADAMTS13 levels (Table 4.6.2). HIV-associated TTP patient samples had a high median 

VWF:Ag level of 217% with low median ADAMTS13 antigen and activity levels (median antigen 9% 

and activity of 1%) suggesting that severe ADAMTS13 deficiency results in accumulation of VWF in 

HIV-associated TTP patient. The HIV positive control cohort also had high median VWF:Ag levels 

with normal ADAMTS13 levels (median ADAMTS13 antigen of 68% and activity of 73%) and no 

causative link was therefore apparent between VWF:Ag and ADAMTS13 levels in this group.  

 

Table 4.6.2: The VWF:Ag levels and ADAMTS13 levels in HIV-associated TTP group and HIV positive control 
group. 

Parameters 
HIV-associated TTP group 

(n=49) 

HIV positive group 

(n=69) 

• Median VWF:Ag levels (ranges) 

• Mean ± SD 

• 217 (152 – 700) % 

• 249 ± 118 

• 220 (155 – 538) % 

• 243 ± 80 

• Median ADAMTS13 antigen 

levels (ranges) 

• Mean ± SD 

• 9 (0-48) % 

 

• 12 ± 12 

• 68 (33 – 130) % 

 

• 74 ± 28 

• Median ADAMTS13 activity levels 

(ranges) 

• Mean ± SD 

• 1 (0-10) % 

 

• 2 ± 3 

• 73 (31 – 100) % 

 

• 75 ± 19 

n, number of samples. 

 

4.3.2. VWF propeptide (VWFpp) levels 

The results of VWF propeptide levels from individual plasma samples from the HIV-associated TTP 

and HIV positive control groups are presented in Table 4.7 of Supplementary data 8. 

Increased VWFpp levels were detected in 48 (81%) of the 59 HIV-associated TTP patient plasma 

samples and in 94 (94%) of the 100 HIV positive control cohort plasma samples respectively. 

However, 11 (19%) of the 59 HIV-associated TTP patient plasma samples and 6 (6%) of the 100 HIV 

positive cohort plasma samples had normal VWFpp levels. No significant difference in VWFpp levels 

was observed between plasma samples of the 2 groups. Also, no statistically significant difference 

was observed between the VWFpp level and VWFpp/VWF:Ag ratios (p 0.701 and 0.287)  respectively 

(Table 4.7.1). 
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Increased VWFpp to VWF:Ag ratios of >3 were observed in 8 (14%) of the 59 HIV-associated TTP 

patient plasma samples and in 18 (18%) of the HIV positive control cohort plasma samples (Table 

4.7.1).  

 

Table 4.7.1: VWFpp levels for the HIV-associated TTP and HIV positive plasma samples.   

 
Parameters 

HIV-associated TTP 

group 

(n=59) 

HIV positive group 

(n=100) 

Statistical 

significance 

(p value) 

• Median VWFpp levels (ranges) 

• Mean ± SD 

• 294 (30 – 1275) % 

• 371 ± 262 

• 311 (83- 1331) % 

• 387 ± 249 
P = 0.701 

• Median VWFpp/ VWF:Ag ratio (ranges) 

• Mean ± SD 

• 1.35 (0.24 – 5.88)  

• 1.76 ± 1.30 

• 1.76 (0.45 – 5.05) 

• 1.97 ± 1.00 
P = 0.287 

n, number of samples.  

 

4.3.3. VWF multimers analysis 

Samples with distinctive multimeric patterns from the HIV-associated TTP patients and HIV positive 

control cohort samples are shown in Figure 4.4 with PNP sample multimer pattern also shown as 

comparison. Each lane shows the VWF multimeric patterns of an individual plasma sample from the 

HIV-associated TTP patients, HIV positive control group and PNP. VWF multimer patterns obtained 

from all the HIV-associated TTP and HIV positive individual plasma samples are shown in Figure 4.4.1 

in the Supplementary data 9 set. VWF multimer structures were examined using gel electrophoresis 

on a 0.7% SDS agarose gel.  

Normal VWF multimer patterns, as compared to patterns in PNP, were observed in 49 (86%) of the 

59 HIV-associated TTP patient plasma samples and 70% of HIV positive cohort samples. The dense 

(dark) multimer patterns observed correlated with the extremely high VWF:Ag levels detected in 

these plasma samples. Samples TTP (-11, -13, -18, -59, -60, and -65) and HIV (-1, -184, and -192) 

represent these multimer patterns in Figure 4.4.  

Normal multimeric patterns similar to that of PNP were observed in 14% of the HIV-associated TTP 

patient plasma samples with normal VWF:Ag levels (50% - 150%). Samples TTP (-34, -61, and -33) 

and HIV (-25, -185) represent these multimer patterns in Figure 4.4. 

The plasma samples with a high VWFpp/VWF:Ag ratio, demonstrated loss of the largest VWF 

multimers, suggesting clearance of large VWF multimers in the circulation. This clearance of the 
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large VWF multimers may be due to the trapping of these multimers in the vasculature.  The loss of 

the largest VWF multimers was seen in 14% (8) of the 59 HIV-associated TTP patient samples (TTP-

10, -12, -6, -8,-16, -17, -24, and -52) and 18% (18) of the 100 control cohort samples (HIV-195, -32, -

36, -120, -133, -134, -135, -142, -149, -154, -162, -163, -174, -177, -99, -106, -43, and -14). These 

multimer patterns are represented by samples TTP6, TTP10 and HIV32 in Figure 4.4. 

 

 

 

 

 

 

 

 

 

 
Figure 4.4: Plasma VWF multimer patterns.  
Multimer patterns on 0.7% SDS agarose gel electrophoresis for the individual HIV-associated TTP patient and HIV 
positive control patient plasma samples. Human pooled normal plasma (PNP, highlighted yellow) samples were analyzed 
in parallel for comparison. TTP samples (TTP-11, -13, -18, -59, -60 and -65) and HIV control samples (HIV-1, -184, -192) 
showed the presence of large VWF with increased density. TTP samples (TTP-34, -61 and -33) and HIV control samples 
(HIV-25 and -185) showed normal multimer patterns compared to PNP; samples TTP-6, -10 and -32 showed a loss of the 
largest multimers.  
HMW, high molecular weight; LMW, molecular weight. 
 

4.4. Extraction of IgG autoantibodies 

Immunoglobulin G (IgG) autoantibodies from HIV-associated TTP patient samples and control HIV 

positive control plasma samples were isolated and quantified. 

 

4.4.1. Quantification of purified IgG antibodies 

Extraction efficiencies ranged from 1-15 mg/mL of IgG antibody per individual plasma sample using 

NAbTM Protein G spin columns. Concentrations obtained from purified IgG antibodies isolated from 

individual HIV-associated TTP plasma samples and HIV positive plasma samples are presented in 

Table 4.8 of Supplementary data 10. Only protein fractions with the desired absorbance 260/280 

ratio of <0.6 were deemed as nucleic acid-free and were pooled. The statistics of the purified IgG 

 

HMW 

LMW 
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antibody concentrations obtained from plasma samples of the HIV-associated TTP and the HIV 

positive control groups are summarized in Table 4.8.1. 

 

Table 4.8.1: Obtained concentrations of Purified IgG antibody from plasma samples.  
 

Statistic(s) 

HIV-associated TTP group n=53 HIV positive group  

n=18 

• Median IgG antibody 

concentrations (ranges) 

• Mean ± SD 

• 5.68 (1.32 – 14.26) mg/mL 

 

• 6.63 ± 3.63 

• 3.07 (1.3 – 6.8) mg/mL 

 

• 3.31 ± 2.09 

• Median Absorbance 260/280 ratio 

(ranges) 

• Mean ± SD 

• 0.54 (0.51 – 0.598) 

 

• 0.54 ± 0.05 

• 0.55 (0.51 – 0.59) 

 

• 0.56 ± 0.03 

n, number of samples. 

 

4.4.2. The SDS-PAGE analysis of purified IgG  

Purified IgG antibodies were obtained from 53 HIV-associated patient plasma and 18 HIV positive 

control plasma samples. The IgG samples were separated under reducing and non-reducing 

conditions on a 10% SDS-PAGE to confirm the presence of purified IgG antibody. Under reducing 

conditions, a band at a molecular weight size of ~50 kDa correlate with IgG heavy chain and a band 

at ~25 kDa with the light chain. The molecular weight for the intact IgG antibody is ~150 kDa, and a 

band around this position is observed under non-reducing conditions. A ThermoFisher Scientific 

PageRuler™ Pre-stained Protein Ladder is shown in Figure 4.5. lane 1 and a control human 

monoclonal IgG antibody (Abcam, USA) in lane 3 and 6 under reducing and non-reducing 

conditions respectively. 
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A. Reducing SDS-PAGE 

 

B. Reducing and Non-Reducing SDS-PAGE 

 

Figure 4.5. SDS-PAGE of purified IgG antibodies.  
A. Reducing SDS-PAGE of purified IgG antibodies: Protein ladder (ThermoFisher Scientific™) in lane 1, sample in lanes 2-
5 and 7-9 and a control in lane 6, all with 2 bands at ~50 kDa and ~25 kDa molecular weight.  
B. Reducing and non-reducing SDS-PAGE of purified IgG antibody: Protein ladder in lane 1, samples in lanes 2 and 4, 
control in lane 3. Antibody fragments at ~75 kDa molecular weight band represent the presence of both the heavy and 
a light chain, and a band at ~50 kDa and ~25 kDa represent the presence of a heavy chain and light chain respectively. 
Lanes 6-9: non-reducing condition with the control in lane 6 and patient IgG in lanes 7 to 9, indicating a band at ~150 
kDa (130-180 kDa) for intact IgG antibody.   
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4.5. Epitope mapping studies of anti-ADAMTS13 IgG antibodies in HIV-associated TTP patient 

samples. 

4.5.1. Peptide library 

A peptide library consisting of 105 linear overlapping peptides from the proximal domains of 

ADAMTS13 were screened for possible epitope regions for the purified anti-ADAMTS13 IgG isolated 

from 53 HIV-associated TTP patient and 18 HIV positive control cohort plasma samples. A Peptide 

ELISA assay was used to screen for the possible epitope regions. The Peptide ELISA was optimized 

before continuing with epitope mapping studies.  

 

4.5.2. Development of a Peptide ELISA 

4.5.2.1. Plate viability assay 

The results of the plate viability assay confirmed that the multi-well plates used in the Peptide ELISA 

were properly coated with streptavidin. The standard curve of different streptavidin concentrations 

indicated acceptable linearity (Figure 4.6), suggesting that streptavidin is able to bind biotin even at 

the lowest dilution. The maximum OD490 value of at least 1.5 observed at the highest dilution 

showed that the coated streptavidin did bind strongly to biotin in an ELISA assay. 

 

Figure 4.6: Standard curve for streptavidin-biotin binding. 
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4.5.2.2. Peptide ELISA 

The Peptide ELISA was optimized using the checkerboard titration (CBT) method. The optimization 

results are presented in Figure 4.7 A to Figure 4.7 E. The raw data for the optimization results is 

included in Supplementary data 11. 

The optimal coating concentration for the peptides was determined to be 4µg/mL (Figure 4.7 A). 

Peptide dilution of 4µg/mL indicated that sufficient antigen is available to bind antibodies optimally.  

An antibody concentration of 12µg/mL produced a low background level of interference and was 

chosen as the optimal concentration for the study (Figure 4.7 B) and, at a dilution of 1:4 yielded a 

good color development related to antibody binding. A negative control dilution of 1:200 produced 

a low background level of interference and was chosen as the optimal dilution for the study 

experiments (Figure 4.7 C). The optimal dilution for the HRP-conjugated anti-human IgG antibody 

was chosen to be 1:2000 since it produced low background binding (Figure 4.7 D). The blocking 

conditions were optimized at 37oC incubation for 2 hours with PBS/1% BSA/0.05% Tween-20 at pH 

7.4 to prevent non-specific binding and minimize background interference. Blocking with BSA 

protein reduced background noise while still allowing antibodies to bind. Thus, a 1% BSA 

concentration was chosen to prepare a blocking buffer (Figure 4.7 E). 
 

 

 
Figure 4.7 A: Optimization of the Peptide ELISA working conditions.  
Absorbance results obtained at 490 nm for the positive and negative control samples plotted on the Y-axis against 
different peptide antigen titrations plotted on the X-axis. Peptide dilution of 4µg/mL was sufficient for binding 
antibodies maximally.  
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Figure 4.7 B: Optimization of the Peptide ELISA working conditions.  
Absorbance results obtained at 490 nm for the positive control plotted on the Y-axis against different IgG antibody 
titrations plotted on the X-axis. The antibody concentration of 12µg/mL produced a low background and was chosen as 
the optimal concentration. 
 
 
 
 
 

 
Figure 4.7 C: Optimization of the Peptide ELISA working conditions.  
Absorbance results obtained at 490 nm for the negative control plotted on the Y-axis against different dilutions of the 
negative control sample plotted on the X-axis. The negative control dilution of 1:200 produced low background and was 
chosen as the optimal dilution. 
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Figure 4.7 D: Optimization of the Peptide ELISA working conditions.  
Absorbance results obtained at 490 nm for the positive and the negative control samples plotted on the Y-axis against 
different HRP-conjugated detection antibody titrations plotted on the X-axis. The optimal dilution for the HRP-
conjugated anti-human IgG antibody was chosen to be 1:2000 since it produced low background binding.  

 

 

Figure 4.7 E: Optimization of the Peptide ELISA working conditions.  
Absorbance results obtained at 490 nm for the positive and negative control samples plotted on the Y-axis against 
different blocking buffer titrations plotted on the X-axis. Blocking with 1% BSA protein reduced background noise while 
still allowing antibodies to bind. Thus, a 1% BSA concentration was chosen for preparing a blocking buffer.  
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Peptide ELISA assay validation: The intra-assay and inter-assay precision calculations for the 

developed Peptide ELISA assay are presented in Table 4.9, calculations included in Supplementary 

data 11. The developed Peptide ELISA assay showed reproducibility and consistency for the positive 

control and negative control. The inter-assay coefficient of variation of 5.93% indicated that our 

assay is validated to be used in epitope mapping studies. 

 

Table 4.9: Shows the precision results for anti-ADAMTS13 IgG antibody in Peptide ELISA assay 

 

Statistic(s) 

Intra-assay precision results 

Positive sample Negative sample 

Mean (M) 0.521 0.139 

Standard deviation (SD) 0.03 0.01 

% Coefficient of variation (CV) = (SD/M)*100% 5.77% 6.09% 

Inter-assay CV = (Positive CV + Negative CV)/2 5.93% 

 

Cut- off value determined from the OD490 values of the negative control: The cut-off value for the 

ELISA system was determined with the mean absorbance of a negative control plus 2 standard 

deviations (SDs), as described by Kumar & Rao (1991). Calculations are included in Supplementary 

data 11. Samples with OD value at 490 nm higher than the cut-off value of 0.21 were considered as 

positive and samples with the OD value at 490 nm less than the cut-off value were considered as 

negative.  

The calculation was as follow:  

Mean value plus 2 (SDs) = 0.15 + 0.057 = 0.21.   

Epitope-mapping studies were performed on an ADAMTS13 peptide library consisting of 105 

overlapping biotinylated peptides from the proximal domains of ADAMTS13, and the results are 

presented in the next section. 

 

4.5.2.3. Binding of purified IgG antibodies to linear overlapping peptides of ADAMTS13 using 

Peptide ELISA 

The mean OD490 of two blank wells was subtracted from each OD490 value of each sample. Samples 

with OD490 value more than the cut-off value were considered as positive and samples with the 
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OD490 value less than the cut-off value were considered as negative. The cut-off value was calculated 

from the mean plus 2 standard deviations of the negative control sample. There was minor reactivity 

observed from some samples with bound IgG autoantibodies to peptides producing significantly low 

OD values and these binding interactions were considered non-specific. A summary of ADAMTS13 

domains that reacted with IgG autoantibodies isolated from individual HIV-associated TTP and HIV 

positive patient plasma samples is presented in Table 4.10.1. The details of reactive peptides from 

all 4 ADAMTS13 domains selected and OD values obtained for each patient sample are presented in 

Table 4.10 of Supplementary data 12.  

Ninety-four (94%) of HIV-associated TTP patient plasma samples had IgG autoantibodies that bind 

to linear peptides of all 4 selected ADAMTS13 proximal domains. Forty-two (42%) of the plasma 

samples had IgG autoantibodies binding with the linear peptides of the ADAMTS13 Metalloprotease 

domain and 58% to both the Metalloprotease and the Disintegrin-like domains. None of the HIV-

associated TTP patient samples had IgG autoantibodies that only reacted with the Disintegrin-like 

domain. However, 98% of HIV-associated TTP patient samples showed reactivity towards linear 

peptides from both the Cysteine-rich and Spacer domains. Only one sample showed IgG 

autoantibody reactivity towards the linear peptides of the Spacer domain and not the Cysteine-rich 

domain. Finally, 94% of HIV-associated TTP patient samples had IgG autoantibodies that bind to 

linear peptides of all 4 proximal domains of ADAMTS13 that were investigated (Table 4.10.1).  

None of the 18 HIV positive control cohort samples had IgG autoantibodies against linear peptide 

of all 4 domains of ADAMTS13. The IgG autoantibodies with reactivity towards the Metalloprotease 

domain alone was present in 17% of these samples, and 83% of the samples contained IgG 

autoantibodies that reacted to both the Metalloprotease domain and the Disintegrin-like domains. 

No HIV positive control cohort sample had IgG autoantibodies that reacted to the Disintegrin-like 

domain alone.  Thirty-nine (39%) of the HIV positive control cohort samples did not have IgG 

autoantibodies that bind to linear peptides of the Cysteine-rich and Spacer domains. Twenty-eight 

(28%) of the HIV positive control samples had IgG autoantibodies that bind the Cysteine-rich domain 

only, and 33% showed reactivity towards linear peptides of the Spacer domain only. Only one HIV 

positive sample (HIV-68) had IgG autoantibodies that showed reactivity towards linear peptides of 

all 4 ADAMTS13 proximal domains investigated (Table 4.10.1).  
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Table 4.10.1: ADAMTS13 domains with reactivity towards IgG antibodies of individual HIV-associated TTP 
and HIV positive control patient plasma samples.  

 
ADAMTS13 domains 

 
HIV-associated TTP group 

n=53 

 
HIV-positive group 

n=18 
Metalloprotease domain only 22/53 (42%) 3/18 (17%) 

Disintegrin-like domain only 0/53 (0%) 0/18 (0%) 

Both Metalloprotease and 
Disintegrin-like domains together 

31/53 (58%) 15/18 (83%) 

Cysteine-rich domain only 0/53 (0%) 5/18 (28%) 

Spacer domain only 1/53 (2%) 6/18 (33%) 

Both Cysteine-rich and Spacer 
domains together 

52/53 (98%) 0/18 (0%) 

All four ADAMTS13 domains 

 
 

31/53 (78%) 1/18 (6%) 

n, number of samples. 

 

The results from the epitope mapping studies will be presented in 2 sections namely: results for the 

Metalloprotease domain and Disintegrin-like domain in section 1 and the results of the Cysteine-

rich and Spacer domain in section 2.  

 

Section 1. Metalloprotease and Disintegrin-like domains binding events:  

The IgG autoantibodies isolated from 53 HIV-associated TTP patient plasma samples and 18 HIV 

positive control plasma samples showed binding to various epitope regions of the Metalloprotease 

and the Disintegrin domains and, in some areas, even shared linear epitopes.  

The IgG autoantibodies from both HIV-associated TTP patient and HIV-positive control cohort 

samples showed binding to linear peptides MP1, MP9 – MP10, and MP18 – MP21 of the 

Metalloprotease domain. Ninety-six (96%) of HIV-associated TTP patient samples had IgG 

autoantibodies binding to linear peptides MP37 to MP40 and only 1 HIV positive control cohort 

sample (HIV-60) had IgG autoantibodies that showed similar binding events. Both groups had IgG 

autoantibodies binding to various linear peptides of the Disintegrin-like domain of ADAMTS13. 

Forty-two (42%) of HIV-associated TTP patient samples and 17% of HIV positive control cohort 

samples had IgG autoantibodies which reacted to linear peptides of the Metalloprotease domain 
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only and not to the Disintegrin-like domain. Neither group had IgG autoantibodies that reacted only 

to linear peptides of the Disintegrin-like domain.   

Five (5) different binding patterns of the IgG autoantibodies in HIV-associated TTP patient plasma 

samples were observed (represented by samples: TTP -1, -6, -9, -18, and -33 in Figure 4.8) and 3 

different binding patterns of IgG autoantibodies in the HIV-positive control cohort samples were 

observed (represented by samples: HIV -32, -98 and -60 in Figure 4.9). The absorbance readings at 

490 nm obtained from IgG autoantibody binding to individual linear peptides are indicated on the 

Y-axes and individual linear peptides on the X-axes of the Figures. The peptide number in the Figures 

is representative of the peptide sequence on the full ADAMTS13 peptide library (Appendix A).  

The IgG autoantibody-binding patterns in the HIV-associated TTP patient samples are presented in 

Figure 4.8 A-E.   

 

A. 

 

Figure 4.8 A: IgG autoantibody-binding patterns observed in individual HIV-associated TTP patient samples.  

The Y-axis represents absorbance measured at 490 nm and the X-axis the individual linear peptides. The IgG 

autoantibodies from TTP patient samples 1 (TTP1) bound only to the Metalloprotease (MP) domain on linear 

peptide MP1, MP 9-10, MP18-21 and MP37-40. No IgG antibody binding was observed on linear peptides of 

the Disintegrin-like (Dis) domain. A similar binding pattern was observed from IgG autoantibodies of samples 

TTP-5, -8, -10, -11, -12, -14, -15, -16, -19, -22, -24, -25, -27, -29, -34, -38, -42, -48 and -72. 
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B.

 

Figure 4.8 B: IgG autoantibody-binding patterns observed in individual HIV-associated TTP patient samples.  
The Y-axis shows absorbance measured at 490 nm and the X-axis the individual linear peptides. The IgG 
autoantibodies from sample TTP-6 bound to linear peptides of both the MP and the Dis domains. The IgG 
autoantibodies had reactivity towards the same linear epitopes as observed in Figure 4.8 A. However, the 
IgG autoantibodies also recognized linear peptides towards the distal part of the Dis domain. A similar binding 
pattern was observed from IgG autoantibodies of samples TTP-13, -21, -28, -39, -40, -45, -55, -57, -58, -59, -
64, -66 and -69. 

 

C. 

 

Figure 4.8 C: IgG autoantibody-binding patterns observed from individual HIV-associated TTP patient 
samples.  
The Y-axis shows absorbance measured at 490 nm and the X-axis the individual linear peptides. The IgG 
autoantibodies from sample TTP-9 showed reactivity to various linear peptides of both the MP and the Dis 
domains suggesting the presence of multiple epitopes. Similar binding patterns were found in samples: TTP-
20, -23, -49 and -71. 
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D.  

 

Figure 4.8 D: IgG autoantibody-binding patterns observed from individual HIV-associated TTP patient 
samples.  
The Y-axis shows absorbance measured at 490 nm and the X-axis the individual linear peptides. The HIV 
associated TTP sample TTP-18 showed multiple binding sites to the MP and the Dis domains, but a different 
binding pattern to the one observed from sample TTP-9.  HIV-associated TTP samples TTP-28 and TTP-39 had 
IgG autoantibodies with similar binding patterns to linear peptides of the MP and the Dis domains. 

 
E. 

 

Figure 4.8 E: IgG autoantibody-binding patterns observed from individual HIV-associated TTP samples.  
The Y-axis shows absorbance measured at 490 nm and the X-axis the individual linear peptides. HIV-
associated TPP samples TTP-33 and -50 had IgG autoantibodies reacting with linear peptides of the MP 
domain only (MP1, MP9-10 and MP19-20). The IgG of these samples had fewer epitope reactions on the MP-
domain vs. other IgG antibodies from other HIV-associated TTP patients. No antibody binding was observed 
on linear peptides of the Dis domain. 
 

The IgG autoantibody-binding patterns of individual HIV positive control cohort samples are 

presented in Figure 4.10 A-C. 
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A. 

 

Figure 4.9 A: IgG autoantibody-binding patterns from individual HIV positive control cohort samples.  
The Y-axis shows absorbance measured at 490 nm and the X-axis the individual linear peptides. The IgG 
autoantibodies from sample HIV-32 showed binding to the proximal part of the MP domain (linear peptide 
MP1 and MP9-10) and the distal part of the Dis domain (Dis49-Dis/TSP1-1 59). The IgG autoantibodies from 
samples HIV-3, -130, -156, -161, -108, -43 showed a similar binding pattern. 

 
B.  

 
Figure 4.9 B: IgG autoantibody-binding patterns from individual HIV positive control cohort samples.  
The Y-axis shows absorbance measured at 490 nm and the X-axis the individual linear peptides. IgG 
autoantibodies from sample HIV-60 showed binding to various linear peptides of the MP domain and the Dis 
domain. IgG autoantibodies isolated from the HIV-control sample 60 had almost similar binding patterns to 
the IgG autoantibodies from the HIV-associated TTP patient samples (Figure 4.9 C). The IgG autoantibodies 
from sample HIV-137, -164, -46, -163, -94, -106 and -68 also showed a similar binding pattern. 
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C. 

 
Figure 4.9 C: IgG autoantibody-binding patterns from individual HIV positive control cohort samples.  
The Y-axis shows absorbance measured at 490 nm and the X-axis the individual linear peptides. The IgG 
autoantibodies from sample HIV-98 showed positive binding to linear peptides from only the proximal part 
of the MP domain and no IgG binding was detected to the Dis domain. The IgG autoantibodies from samples 
HIV-122 and -165 showed a similar binding pattern.  
 

Prediction of potential antibody epitopes  

Different IgG autoantibody-binding patterns were observed and potential epitope regions were 

identified using mapping analysis with overlapping linear peptides of the ADAMTS13 MP and Dis 

domains. A list of linear peptides from these domains with potential antigenic regions identified by 

mapping studies is presented in Table 4.11 with raw data in Supplementary data 13. 
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Table 4.11: Linear peptides with potential antigenic regions in the Metalloprotease (MP) and Disintegrin (Dis)-
like domains.  

 
Peptide  

 
Peptide sequence 

 
Position 

HIV-
associated 
TTP patient 

group (n=53) 

HIV positive 
control cohort 

(n=18) 

MP1 AAGGILHLELLVAVGPDVFQ 
 

75 – 94 53/53(100%) 18/18(100%) 

MP1-MP8 LHLELLVAVGPDVFQAHQEDTERYVLTNLNIGAELLR 
DPSLGAQFRVHLV 

 
80 - 129 

 
0/53 

 
2/18(11%) 

MP9-MP10 LRDPSLGAQFRVHLVKMVILTEPEG 
 

115 – 139 53/53(100%) 15/18(83%) 

MP9-MP12 LRDPSLGAQFRVHLVKMVILTEPEGAPNITANLTS 125 – 149 0/53 3/18(17%) 

MP18-MP21 TINPEDDTDPGHADLVLYITRFDLELPDGNRQVRG 160 – 194 15/53(28%) 0/18 

MP19-MP20 DDTDPGHADLVLYITRFDLELPDGN 165 – 189 37/53(70%) 0/18 

MP19-MP21 DDTDPGHADLVLYITRFDLELPDGNRQVRG 165 – 194 4/53(8%) 5/18(28%) 

MP25-MP28 VTQLGGACSPTWSCLITEDTGFDLGGVTIAHEIGHS 195 – 229 10/53(19%) 10/18(56%) 

MP29-MP34 GFDLGVTIAHEIGHSFGLEHDGAPGSGCGPSGHVMAS 
DGAAPRAG 

215 – 249 0/53 2/18(11%) 

MP33-MP36 DGAPGSGCGPSGHVMASDGAAPRAGLAWSPCSRRQ 235 – 269 3/53(6%) 2/18(11%) 

MP37-MP39 APRAGLAWSPCSRRQLLSLLSAGRARCVWD 255 – 284 26/53(49%) 0/18 

MP37-MP/Dis40 APRAGLAWSPCSRRQLLSLLSAGRARCVWDPPRPQ 255 – 289 25/53(47%) 1/18(6%) 

MP40-MP/Dis44 LLSLLSAGRARCVWDPPRPQPGSAGHPPDAQPGLY 
YSANE 

270 – 304 0/53 1/18(6%) 

MP/Dis41-Dis44 SAGRARCVWDPPRPQPGSAGHPPDAQPGLYYSANE 275 – 309 0/53 1/18(6%) 

MP/Dis43-Dis46 PPRPQPGSAGHPPDAQPGLYYSANEQCRVAFGPKA 285 – 319 1/53(2%) 0/18 

Dis44-Dis47 PGSAGHPPDAQPGLYYSANEQCRVAFGPKAVACTF 290 – 324 2/53(4%) 0/18 

Dis45-Dis48 HPPDAQPGLYYSANEQCRVAFGPKAVACTFAREHL 295 - 334 1/53(2%) 0/18 

Dis49-Dis52 FGPKAVACTFAREHLDMCQALSCHTDPLDQSSCSR 315 – 349 4/53(7%) 0/18 

Dis49-Dis/TSP1 59 FGPKAVACTFAREHLDMCQALSCHTDPLDQSSCSR 
LLVPLDGTECCGVEKWCSKGRCRSLVELTPIAAVH 

315 - 383 5/53(9%) 6/18(33%) 

Dis53-Dis58 LSCHTDPLDQSSCSRLLVPLLDGTECCGVEKWCSKG 
RCRSLVELTP 

335 – 379 5/53(9%) 1/18(6%) 

Dis53-Dis/TSP1 59 LSCHTDPLDQSSCSRLLVPLDGTECCGVEKWCSKG 
RCRSLVELTPIAAVH 

335 – 383 5/53(9%) 3/18(17%) 

Dis55-Dis/TSP1 59 SSCSRLLVPLLDGTECGVEKWCSKGRCRSLVELTP 
IAAVH 

345 – 383 2/53(4%) 1/18(6%) 

Dis56-Dis/TSP1 59 LLVPLLDGTECGVEKWCSKGRCRSLVELTPIAAVH 350 - 383 2/53(4%) 0/18 

Dis57-Dis/TSP1 59 LDGTECGVEKWCSKGRCRSLVELTPIAAVH 
 

355 – 383 1/53(2%) 0/18 

Dis58-Dis/TSP1 59 CGVEKWCSKGRCRSLVELTPIAAVH 
 

360 – 383 2/53(4%) 0/18 

Dis/TSP1 59 WCSKGRCRSLVELTPIAAVH 
 

365 - 383 11/53(21%) 0/18 

Amino acid residues in the overlapping regions of antigenic peptides in red. Peptide names are derived from the relevant 
domain names and amino acid position relative to the coding region of full-length ADAMTS13 protein.  
n, number of samples. 
 



110 
 

Section 2: Binding events to the Cysteine-rich domain and the Spacer domain: 

The IgG autoantibodies from samples of both HIV-associated TTP patients and HIV-positive control 

cohort samples showed similar binding patterns towards the linear peptides of the Cysteine-rich 

and the Spacer domains.  

HIV-associated TTP plasma samples had IgG autoantibodies that reacted to specific peptides of the 

Cysteine-rich and the Spacer domains. Eighty-seven (87%) of samples from the HIV-associated TTP 

patients had IgG autoantibodies that bind linear peptides Cys1-10, and 79% of samples had IgG 

autoantibodies that bind to Cys13-20 of the Cysteine-rich domain. Furthermore, 77% of all plasma 

samples had IgG autoantibodies that bind to linear peptides Spa24 to Spa40 of the Spacer domain.  

All (100%) HIV-associated TTP patient plasma samples had IgG autoantibodies binding linear 

peptides Spa42-Spa/TSP1-2 46 of the Spacer domain, while only 11% of HIV positive control cohort 

samples had IgG autoantibodies with similar binding patterns.  

The IgG autoantibodies from sample TTP-72 (representing 2% of the HIV-TTP patient samples), and 

22% of the HIV positive control cohort samples (HIV-46, -60, -163, -164, -165, and -98) reacted with 

linear peptides from the Spacer domain only.  

Twenty-eight percent (28%) of the samples in the HIV positive control cohort (HIV-32, -122, -137, -

106 and -68) had IgG autoantibodies that showed binding to linear peptides Cys1-10 from the 

Cysteine-rich domain only.  

Thirty-nine (39%) of the HIV positive control cohort samples (HIV-33, -130, -156, -161, -94, -108 and 

-43) did not have IgG autoantibodies binding to linear peptides from the Cysteine-rich or Spacer 

domains. 

The 4 IgG autoantibody-binding patterns from the HIV-associated TTP patient group were detected 

and are represented by samples TTP-66, -16, -14 and -72 with only 1 IgG autoantibody binding 

pattern in the HIV control cohort detected in sample HIV- 32 (Figure 4.10 A – E). 
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A.  

 

Figure 4.10 A: IgG autoantibody-binding patterns from individual HIV-associated TTP patient samples.  
The Y-axis shows absorbance measured at 490 nm and the X-axis the individual linear peptides. The IgG 
autoantibodies from sample TTP-66 reacted with various linear overlapping peptides of the Cys and the 
Spacer domains suggesting the presence of multiple epitopes. Sample TTP-9, -20, -31, -49, -55, -57, -64, -67, 
-69 and -71 also showed similar binding pattern. 

 
B. 

 

Figure 4.10 B: IgG autoantibody-binding patterns from individual HIV-associated TTP patient samples.  
The Y-axis shows absorbance measured at 490 nm and the X-axis the individual linear peptides. The IgG 
autoantibodies from sample TTP-16 showed strong binding to linear peptides Spa42-46 at the distal part of 
the Spacer domain. The linear peptides Cys2-5 and Cys18-Cys/Spa20 also showed reactivity to IgG 
autoantibodies. Samples TTP-17 and _19, showed similar binding patterns. 
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C.  

 

Figure 4.10 C: IgG autoantibody-binding patterns from individual HIV-associated TTP patient samples.  
The Y-axis shows absorbance measured at 490 nm and the X-axis the individual linear peptides. The IgG 
autoantibodies from sample TTP-14 showed reactivity to linear peptides at the proximal part of the Cys 
domain and linear peptides at the distal part of the Spacer domain. There was minor reactivity observed with 
some peptides of the Spacer domain with bound IgG autoantibodies to peptides producing low OD values, 
which were considered to be non-specific. HIV-associated TTP samples TTP-1, -6, -13, -15, -21 and -22 had 
similar antibody-binding patterns. 

 

D. 

 

Figure 4.10 D: IgG autoantibody-binding patterns from individual HIV-associated TTP patient samples.  
The Y-axis shows absorbance measured at 490 nm and the X-axis the individual linear peptides. Sample TTP-
72 had IgG autoantibodies reacting to linear peptides of the Spacer domain only. No IgG autoantibody 
reactivity was observed with linear peptides of the Cys domain. HIV positive samples HIV-46, -60, -163, -164, 
-165 and -94 showed similar binding patterns. 
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E. 

 

Figure 4.10 E: IgG autoantibody-binding patterns from individual HIV positive control cohort samples.  
The Y-axis shows absorbance measured at 490 nm and the X-axis the individual linear peptides. IgG 
autoantibodies from HIV-32 had a positive reaction to linear peptides of the Cys domain only. No IgG 
autoantibody binding to the Spacer domain was detected. HIV positive control cohort samples HIV-122, -137, 
-106 and -68 showed a similar binding pattern. 
 
 

Predicting potential antibody epitopes  

Potential epitope regions were identified using mapping analysis after different IgG autoantibody 

binding patterns were observed in both groups. Overlapping linear peptides of the ADAMTS13 

Cysteine-rich and Spacer domains that bind IgG autoantibodies were used to map potential 

antigenic amino acid residues. A list of linear peptides from these domains with potential antigenic 

regions identified by the Peptide ELISA assay is presented in Table 4.12. The raw data of mapping 

studies for potential epitope residues determined from reactive peptide amino acid sequences are 

presented in Supplementary data 13. 
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Table 4.12: Linear peptides with potential antigenic regions detected from the Cysteine-rich (Cys) and 
Spacer (Spa) domains.  

 

Peptide Name 

 

Peptide sequence 

 

Position 

HIV-

associated 

TTP group 

n=53 

HIV 

positive 

group 

n=18 

Cys1 - Cys4 KTQLEFMSQQCARTDGQPLRSSPGGASFYHWGAAV 440 - 474 2/53 (4%) 0/18 

Cys3 - Cys6  CARTDGQPLRSSPGGASFYHWGAAVPHSQGGDALCR 450 - 484 8/53 (15%) 0/18 

Cys2 - Cys5 FMSQQCARTDGQPLRSSPGGASFYHWGAAVPHSQG 445 - 479 23/53 (43%) 0/18 

Cys3 - Cys5  CARTDGQPLRSSPGGASFYHWGAAVPHSQG 450 - 479 6/53 (11%) 0/18 

Cys3 - Cys10  CARTDGQPLRSSPGGASFYHWGAAVPHSQGDALCR 

HMCRAIGESFIMKRGHMCRAIGESFIMKRGDSFLD 

450 - 504 4/53 (8%) 1/18 (6%) 

Cys7 - Cys10 WGAAVPHSQGDALCRHMCRAIGESFDALCRHMCR 

AIGESFIMKRGDSFLD 

470 -504 11/53 (21%) 4/18 (22%) 

Cys13 - Cys16 DSFLDGTRCMPSGPREDGTLSLCVSGSCRTFGCDG 500 – 534 7/53 (13%) 0/18 

Cys17 - Cys/Spa20 SLCVSGSCRTFGCDGRMDSQQVWDRFCQVCGGGDNST 520 – 554 29/53 (55%) 0/18 

Cys18 - Cys/Spa20 GSCRTFGCDGRMDSQQVWDRCQVCGGDNST 525 – 554 1/53 (2%) 0/18 

Cys13 - Cys/Spa20 DSFLDGTRCMPSGPREDGTLSLCVSGSCRTFGCDG 

RMDSQQVWDRCQVCGGDNST 

500 - 554 5/53 (9%) 0/18 

Spa24 - Spa 28 CSPRKGSFTAGRAREYVTFLTVTPNLTSVYIANHRPLFTH 555 – 594 1/53 (2%) 0/18 

Spa31 - Spa 34  PLFTHLAVRIGGRYVVAGKMSISPNTTYPSLLEDG 590 – 624 40/53 (75%) 1/18 (6%) 

Spa31 - Spa39 PLFTHLAVRIGGRYVVAGKMSISPNTTYPSLLEDGRVEYR 

VALTEDRLPRLEEIRIWGPL 

590 – 649 2/53 (4%) 0/18 

Spa37 - Spa40 LLEDGRVEYRVALTEDRLPRLEEIRIWGPLQEDAD 620 – 654 27/53 (51%) 4/18 22%) 

Spa42-Spa/TSP2 46 IWGPLQEDADIQVYRRYGEEYGNLTRPDITFTYFQPKPRQ 645 – 684 53/53(100%) 2/18(22%) 

Amino acid residues in the overlapping regions of antigenic peptides are highlighted in red. Peptide names are derived 
from the relevant domain names and the relevant amino acid position relative to the coding region of full-length 
ADAMTS13 protein.  
n, number of samples. 

 

Summary of epitope mapping results 

The ADAMTS13 Metalloprotease, Disintegrin-likes, Cysteine-rich and Spacer domains were the 

primary targets for antibody binding in HIV-associated TTP patient samples, while the 

Metalloprotease and Disintegrin-like domains the primary targets for antibody binding in the HIV 

positive control cohort  plasma samples. Immunoglobulin IgG autoantibody binding results and the 

shared and non-shared linear ADAMTS13 peptide epitopes for each domain in both the HIV-

associated TTP patient and the HIV positive control cohorts are summarized in Figure 4.11 and Table 

4.13 respectively.  
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HIV-associated TTP plasma 
Samples 
HIV positive samples 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.11: Anti-ADAMTS13 IgG antibody proximal domain binding sites.  
The number of samples with antibodies binding each domain is shown in blue for the HIV-associated TTP patient group 
and in red for the HIV positive control cohort. This study found that the ADAMTS13 Metalloprotease, Disintegrin-likes 
Cysteine-rich and Spacer domains were the primary targets for antibody binding in HIV-associated TTP patient plasma 
samples, while the Metalloprotease and Disintegrin-like domains were the primary targets for antibody binding in HIV 
positive control cohort samples.  
N, N-terminal side; P, propeptide; MP, Metalloprotease domain; Dis, Disintegrin-like domain; TSP1-1, Thrombospondin 
motif 1; Cys, Cysteine-rich domain; Spacer, Spacer domain. 

 

Table 4.13: Shared and non-shared linear ADAMTS13 peptide epitope regions binding IgG autoantibodies 
isolated from HIV-associated TTP patient and HIV positive control cohort samples. 

Binding domains Metalloprotease 
domain aa 

epitope regions 

Disintegrin-like 
domain aa 

epitope regions 

Cysteine-rich 
domain aa 

epitope regions 

Spacer domain aa 
epitope regions 

 
Shared epitope 

regions 
 

75 – 80 
125 – 139 
200 – 224 
260 – 284 

169 – 189 
320 – 345 
350 – 379 
340 - 379 

445 – 479 
455 – 469 
475 - 504 

595 – 619 
625 – 649 
650 - 669 

 
Non-shared 

epitope regions 
 

80 – 124 
220 – 244 
240 – 264 

 

275 – 304 
290 – 324 
355 – 376 
365 – 374 

505 – 529 
540 – 564 

 

560 - 586 

aa, amino acids. 
 

100%  58%  98% 100% 
100%  83%  28% 33% 

    58%              98% 
    83%    0% 

78% 
6% 

 

% of samples with anti-
ADAMTS13 IgG antibodies 
binding both domains 

% of samples with anti-ADAMTS13 
IgG antibodies binding all domains 
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Chapter 5: Discussion 

 
Thrombotic thrombocytopenic purpura (TTP) that occurs secondary to HIV infection is currently the 

form of TTP observed most in the Sub-Saharan African population (Swart et al. 2019). ADAMTS13 

protein plays a central role in the pathogenesis of acquired TTP and autoantibodies targeting this 

enzyme may be the primary cause of severe ADAMTS13 deficiency in HIV-associated TTP. 

Furthermore, several studies have confirmed the importance of measuring autoantibodies to 

ADAMTS13 during the management of patients with TTP (Alwan et al. 2017; Thomas et al. 2015; 

Scheiflinger et al. 2003; Tsai et al. 2000; Zheng et al. 2001; Furlan et al. 1997). However, the 

ADAMTS13 autoantibody status in HIV-associated TTP patients has not yet been fully investigated. 

The objectives of this study were to investigate ADAMTS13 autoantibody status in HIV-associated 

TTP patients by comparing the immunological properties as well as isotype distribution of these 

auto-reactive immunoglobulins in plasma samples of HIV infected patients with TTP prior to the 

initiation of plasma therapy. The primary objective of this study was to utilise epitope-mapping 

analysis to elucidate the specific antigenic regions (epitopes) on ADAMTS13 domains targeted by 

anti-ADAMTS13 IgG autoantibodies in patients with HIV-associated TTP. A secondary objective of 

the study was to determine the binding specificities of ADAMTS13 IgG autoantibodies in HIV 

infected patients without TTP.   

Fifty-nine (59) HIV-associated TTP patient plasma samples with severe ADAMTS13 activity of less 

than 10% were included in the study sample analysis. A finding of severe ADAMTS13 activity (<10%) 

is a laboratory parameter that differentiates TTP from other TMAs (Reese et al. 2013; Scully et al. 

2008; Peyvandi et al. 2008). The plasma samples were collected before the start of plasma therapy 

in patients presenting with the first episode of acute HIV-associated TTP. A hundred (100) HIV 

positive plasma samples were included as a control group.  

ADAMTS13 antigen and activity levels in the HIV-associated TTP patient samples as well as in the 

HIV positive patient control cohort without TTP were measured with the validated commercially 

available Technozyme® ADAMTS13 ELISA kit (Technoclone®, Austria). This assay has utility in the 

diagnosis of TTP since it offers precision at low ADAMTS13 activity levels and it uses fluorescence 

detection (Crist and Rodgers, 2009). Important to note is that this ELISA kit detects free as well as 

antibody-bound ADAMTS13 and measures both ADAMTS13 antigen and the activity levels. The 

comparison between ADAMTS13 antigen and activity levels may provide insight into the inhibitory 

effects on ADAMTS13 autoantibodies. 
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A statistically significant difference (p<0.05) was observed between the ADAMTS13 antigen and 

activity levels in HIV-associated TTP patient samples and HIV positive control cohort samples. The 

HIV-associated TTP patient samples had significantly reduced ADAMTS13 antigen and especially 

activity levels compared to the HIV positive control group. The ADAMTS13 antigen and activity levels 

observed in the HIV-associated TTP patient group also correlated with those documented in  

previous studies by Meiring et al. (2012) and Gunther et al. (2007). Multiple contributing 

pathophysiological factors are suggested for the reduced ADAMTS13 antigen and activity levels in 

HIV-associated TTP patients (Figure 2.14), including autoantibodies to ADAMTS13. However, not all 

patients with HIV-associated TTP present with a severe deficiency of ADAMTS13 activity (Gunther 

et al. 2007). Previous studies have demonstrated that patients with severe decreased ADAMTS13 

antigen and activity levels have a higher risk of TTP relapses (Peyvandi et al. 2008; Ferrari et al. 

2007). ADAMTS13 antigen and activity levels thus have utility in predicting relapses of HIV-

associated TTP.  

Fifteen, 15 (15%) of the 100 HIV positive cohort plasma samples had slightly reduced ADAMTS13 

levels ranging from 25 to 50% (normal range is from 50-150%). It is suggested that the synthesis of 

metalloproteases, such as ADAMTS13 protein, is decreased in HIV positive patients (Kaiser et al. 

2006). HIV infection causes micronutrient deficiencies (Irlam et al. 2013; Semba and Tang, 1999) of 

Zinc (Zn2+) and Calcium (Ca2+) which are essential micronutrients for ADAMTS13 enzymatic function 

(Crawley et al. 2011; Semba and Tang, 1999; Irlam et al. 2013). Therefore, slightly reduced 

ADAMTS13 activities are expected in HIV positive patients, as previously reported by Gunther et al. 

(2007) and Meiring et al. (2012). Reduced ADAMTS13 antigen and activity levels have 

pathophysiological relevance in acquired TTP (Rieger et la. 2006). 

ADAMTS13 antibody-mediated inhibition,  predominantly of the IgG isotype, has been reported in 

the majority of HIV-associated TTP patients with severe deficiencies of this protease (Alwan et al. 

2017; Thomas et al. 2015; Scheiflinger et al. 2003; Tsai et al. 2000; Reese et al. 2013; Scully et al. 

2008; Peyvandi et al. 2008). Autoantibody responses in HIV-associated TTP patients were assessed 

by measuring the concentration and inhibitory potential of anti-ADAMTS13 IgG antibodies. The IgM 

and IgA isotype distribution in HIV-associated patient and control cohort were also determined.  

The anti-ADAMTS13 IgG concentration was measured in 59 patients with HIV-associated TTP and in 

100 HIV infected control patients without TTP and found that 90% (53/59) of the HIV-associated TTP 

patient plasma samples had positive anti-ADAMTS13 IgG antibodies. Our findings correlate with  

reports in the literature regarding the frequency of autoantibodies in acquired TTP patients (Rieger 

et al. 2005; Tsai et al. 2006) suggesting that an immune-mediated activity against ADAMTS13 is  
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present in almost all patients presenting with HIV-associated TTP. A previous study by Alwan et al. 

(2017) also indicated that increased anti-ADAMTS13 IgG antibody titers are associated with poor 

prognosis in TTP patients. However, the frequency of anti-ADAMTS13 IgG antibodies detected in 

HIV-associated TTP patient samples differed from the results of Meiring et al. (2012) and Gunther 

et al. (2007), which detected autoantibodies in 50% of HIV-associated TTP patients. Interestingly, 

only 18% of the HIV positive patients without TTP and on antiretroviral therapy (ART) in the current 

study had anti-ADAMTS13 IgG antibodies, which again was different from the findings of Meiring et 

al. (2012) reporting anti-ADAMTS13 IgG antibodies in 50% of HIV positive patients without TTP in 

patients on ART. 

We also compared ADAMTS13 levels with anti-ADAMTS13 autoantibody titers in both groups and 

found a negative correlation between the ADAMTS13 antigen levels and autoantibody titers in the 

HIV-associated TTP group. Patient plasma samples with high anti-ADAMTS13 IgG antibody titers had 

a low median antigen level of 4.5%, while those with low anti-ADAMTS13 IgG titers had a higher 

median ADAMTS13 antigen level of 12.5%. Previous studies by Alwan et al. (2019) and Thomas et 

al. (2015), also found that patients with markedly elevated anti-ADAMTS13 IgG antibody titers 

presented with significantly low ADAMTS13 antigen levels and it is suggested that patients with 

significantly reduced antigen levels might contain non-neutralizing (non-inhibitory) antibodies. It is 

further postulated that the inhibitory anti-ADAMTS13 IgG antibodies may not be the primary factor  

affecting ADAMTS13 activity in these patients and that autoantibodies may increase clearance of 

ADAMTS13 (Thomas et al. 2015). Our findings also confirm that non-neutralizing anti-ADAMTS13 

IgGs are present in HIV-associated TTP patient plasma samples. Published studies support the 

suggestions that ADAMTS13 antigen depletion is another antibody-mediated mechanism involve in 

the pathogenesis of TTP in vivo (Scheiflinger et al. 2003 and Thomas et al. 2015). Studies by Hughes 

et al. (2009), Rieger et al. (2005), and Tsai et al. (2006) also showed that deficient ADAMTS13 antigen 

levels and high autoantibody titers in patients with acute TTP are associated with poor outcomes 

relating to cardiac and neurological events with resultant mortality.  

Autoantibodies in HIV positive individuals might be due to the dysregulated immune system 

(Meiring et al. 2012). HIV infection increases autoimmunity, which results in compromised self-

antigen recognition (Massabki et al. 1997). All the HIV-infected patients in the control arm of the 

current study was on ART and the current study could therefore not confirm this hypothesis. Also, 

no correlation was present between ADAMTS13 levels and anti-ADAMTS13 IgG titers in 17 of the 18 

HIV positive cohort samples except in 1 sample (HIV-60) which contained slightly lower ADAMTS13 

levels (~30%) together with a high anti-ADAMTS13 IgG antibody titer of 87 µg/ml. These results may 
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suggest that the presence of a high titer of anti-ADAMTS13 IgG antibodies might potentially be a 

contributing factor to reduced ADAMTS13 levels.  

Although the ELISA based method is a more sensitive assay for the detection of total anti-ADAMTS13 

IgG antibodies present in plasma, the Technozyme® ADAMTS13 IgG ELISA screens for the presence 

of both inhibitory and non-inhibitory antibodies indiscriminately and mixing studies were therefore 

performed to confirm the presence of inhibitory anti-ADAMTS13 IgG antibodies in HIV-associated 

TTP patients with ADAMTS13 activity <10%. Mixing studies are useful to screen for inhibitors 

without being as specific as the Bethesda assay. The Bethesda method has been utilised in studies 

to detect functional anti-ADAMTS13 IgG antibodies (Vendramin et al. 2018). Therefore, HIV-

associated TTP plasma samples with inhibitors during 50:50 mixing studies were analysed using the 

Bethesda method with ADAMTS13 activity determination using the Technozyme® ELISA assay.  

Several factors were taken into consideration when performing the Bethesda assay as detailed in 

studies by Mancini et al. 2012 who found that a pre-incubation temperature of 37oC seemed to 

influence the enzyme stability when a fluorescence detection based method is used. Therefore, it 

was suggested that mixed patient and pooled normal plasma (PNP) should be incubated at a 

temperature of 25oC for optimal for ADAMTS13 recovery. Another factor to take into consideration 

is the justification for the 2-hour incubation of patient and PNP mix, which is followed in most 

published Bethesda assay protocols.  A study by Vendramin et al. 2018, showed that a 2-hour 

incubation time allows maximum interaction between the antibody and the enzyme. We thus 

incubated our test plasma samples and PNP mix for 2 hours at 25oC. Another factor that is suggested 

for consideration during the Bethesda assay is restoring the stability of ADAMTS13 in plasma 

collected in citrated tubes by adding calcium (Ca2+) before incubating the plasma mix (Vendramin et 

al. 2018) since citrate chelates calcium and zinc ions and thus influences ADAMTS13 activity. The 

ADAMTS13 Metalloprotease domain contains zinc and calcium-binding sites necessary for the 

proteolytic activity (Zheng, 2013). However, a study by Vendramin et al. (2018) reported only a slight 

difference in ADAMTS13 activity with and without the addition of Calcium. Therefore, in this study, 

the standardized Technozym® ELISA based-assay was performed without the addition of Calcium. 

We detected positive anti-ADAMTS13 IgG antibody titers in 64% (34 of the 53) HIV-associated TTP 

patient samples, which did not correct with 50:50 mixing studies, suggesting the presence of 

inhibitory anti-ADAMTS13 IgG antibodies. Sixteen of these plasma samples (47%) had a significantly 

raised inhibitor by Bethesda assay, indicating the presence of strong inhibitors since the ADAMTS13 

activity stayed less than <10% after 50:50 mixing studies. The other 18 (53%) HIV-associated TTP 

patient plasma samples had weak inhibitors using the Bethesda assay. Two interesting samples (TTP-
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9 and -20) had very high anti-ADAMTS13 antibody titers, but no inhibitory anti-ADAMTS13 

antibodies in 50:50 mixing studies. This supports the hypothesis that inhibitory antibodies are not 

the only mechanism for ADAMTS13 depletion in acquired TTP patients. A previous study by 

(Vendramin et al. 2018) also reported two TTP patients with high anti-ADAMTS13 IgG antibody titers 

without detectable inhibitory ADAMTS13 antibodies.  

This study also investigated the laboratory evidence of autoimmunity in HIV-associated TTP plasma 

samples by also measuring IgM and IgA titers to emphasize the relationship between the disease 

and the immunological parameters. Normal ranges of IgM and IgA antibody levels were observed in 

plasma samples from the HIV positive control group with CD4+ lymphocyte count of more than 

200mm3. However, the HIV-associated TTP plasma samples were detected with slightly increased 

plasma IgM and IgA antibodies and had a CD4+ count of less than 200mm3. A relationship between 

autoantibodies and CD4+ T-lymphocyte count has previously been documented (Chen et al. 2002; 

Susal et al. 1992; McHeyzer et al. 2009). It is reported that autoantibodies can trigger T-cell 

apoptosis by crosslinking Ig-related T-cell membrane molecules and gp120, a glycoprotein on the 

HIV envelope, resulting in CD4+ T-cell depletion with loss of integrity of the immune system 

(Kopelman and Zola-Pazner, 1988; Gentric et al. 1991). HIV infection therefore predisposes patients 

to autoimmune responses. Autoantibodies have prognostic significance in infectious diseases such 

as infections with HIV and have diagnostic value in HIV-associated TTP.  

We further investigated IgM and IgA autoantibodies directed towards the ADAMTS13 protease in 

HIV-associated TTP patient plasma samples and this is, to our knowledge, the first study to screen 

for these additional autoantibody isotypes in HIV-associated TTP patients. The presence of other 

immunoglobulin isotype anti-ADAMTS13 autoantibodies possibly supports the pathogenic role of 

immunologic mechanisms in TTP-associated phenotypic expression. Although anti-ADAMTS13 IgG 

autoantibodies predominated in the HIV-associated TTP samples, 30% of these patient samples had 

anti-ADAMTS13 IgM and 64% had anti-ADAMTS13 IgA antibodies. These findings were similar to 

previous studies in HIV negative patients with acquired TTP (Ferrari et al. 2009; Rieger et al. 2005; 

Scheiflinger et al. 2003).  

An interesting observation was that more HIV-associated TTP patient samples presented with anti-

ADAMTS13 IgA autoantibodies (64%) compared to IgM subtype (30%)  which is different from 

previous studies in which IgM were detected more frequently vs. IgA autoantibodies in acquired TTP 

patients (Rieger et al. 2005; Scheiflinger et al. 2003). IgM antibodies are involved in primary immune 

response, and IgA antibodies are produced in the secondary immune response. It is possible that 

the diagnosis of HIV-associated TTP is delayed due to diagnostic uncertainty.   
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IgM autoantibodies might influence the half-life of ADAMTS13 by virtue of its ability to activate the 

complement system. Moderately elevated complement activation has been reported in acute TTP 

episodes (Reti et al. 2012; Cataland et al. 2014). Another possible mechanism is that IgM 

autoantibodies might bind to the endothelial surface and mediate cellular uptake of the IgM-

conjugated antigen thus compromising ADAMTS13 activity in vivo (Scheiflinger et al. 2003). IgA 

autoantibody effector functions might also influence the half-life of ADAMTS13 in plasma (Roos et 

al. 2001). The exact clinical significance of IgM and IgA autoantibodies in HIV-associated TTP patients 

is not clear but may play a role in the reduced ADAMTS13 levels as has been observed in other 

autoimmune diseases. Eighteen HIV positive control cohort samples had anti-ADAMTS13 IgG 

antibodies and 22% of these 18 samples also contained IgM and IgA autoantibodies but their clinical 

significance remains unclear.  

The primary function of ADAMTS13 is to regulate VWF multimers size. VWF analysis therefore has 

utility in HIV-associated TTP diagnosis and prognostication as a marker of endothelial activation. The 

ratio between VWF propeptide (VWFpp) and VWF:Ag levels in plasma can be used to evaluate 

endothelial cell activation and clearance rates of VWF under pathologic conditions such as TTP (van 

Mourik et al. 1999; Haberichter et al. 2015; Romani et al. 2003). With this study, we investigated 

the VWF parameters in 59 HIV-associated TTP patient plasma samples with severe ADAMTS13 

activity of <10% and in 100 HIV positive control plasma samples.  

Elevated VWF:Ag and VWFpp levels were found in 80% of HIV-associated TTP patient samples. This 

is in agreement with previous studies (Lotta et al. 2011; Ito-Habe et al. 2011). It is suggested that 

elevated VWF:Ag and VWFpp levels are biomarkers of acute endothelial cell activation (Stufano et 

al. 2011) and thrombosis risk (Nossent et al. 2006). We found a high median VWF:Ag level with a 

low median ADAMTS13 level in the HIV-associated TTP patient samples.  Increased VWFpp reflects 

increased VWF synthesis, which could lead to platelet and endothelial cell activation (Banno et al. 

2006).   

No difference was however detected between the VWF:Ag levels of the HIV-associated TTP patients 

and the HIV positive control group. The presence of high VWF levels has also been correlated with 

the progression of HIV and HIV-related diseases (Aukrust et al. 2000). This study confirms that the 

presence of HIV infection promotes persistent endothelial cell activation, even during ART, and may 

have an essential role in the pathophysiology of HIV-associated TTP. However, no correlation was 

detected between ADAMTS13 levels and the presence of UL-VWF multimers in the HIV positive 

control samples.  
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The VWFpp/ VWF:Ag ratio was significantly increased in only 14% of the HIV-associated TTP patient  

samples and 18% of HIV positive cohort samples. Increased VWFpp/VWF:Ag ratio indicates 

increased clearance or removal of UL-VWF multimers from the circulation and an increased risk of 

bleeding (Haberichter et al. 2006). Our findings differed from those of previous studies (Stufano et 

al. 2011; Lotta et al. 2011) which documented higher VWFpp/VWF:Ag ratios in the majority of  

patients with significantly low ADAMTS13 activity levels of <10%. However, another study argued 

that this correlation between the VWFpp/VWF:Ag ratio and ADAMTS13 activity does not necessarily 

exist (Andersson et al. 2012) and the current study supports this argument. Instead, high VWF:Ag 

and VWFpp levels may reflect disease severity. The current study highlights the value of VWF 

analysis in the diagnosis of HIV-associated TTP, which can be used to indicate the severity of the 

condition in these patients.   

The VWF multimeric patterns in HIV-associated TTP patient samples were compared with the 

multimeric pattern in HIV positive control cohort and human pooled normal plasma (PNP). Multimer 

analysis is a qualitative assessment of the size distribution of VWF multimers (small, intermediate, 

large, or very large), as well as their migration pattern (Ledford-Kraemer, 2010) which provides 

evidence of decreased or impaired ADAMTS13 proteolytic activity in TTP (Furlan et al. 1997).  

The VWF multimer analysis was performed using the SHL5v3: VWF multimer analysis method in 

routine use in the Special Haemostasis laboratory for sub-typing of von Willebrand disease (VWD). 

The assay detects the presence or absence of very large VWF multimers, which can have utility in 

the diagnosis of TTP (Banno et al. 2006; Furlan et al. 1997; Pos et al. 2010). The limitation of this 

assay is the long turnaround time of 3 days although it is easy to perform.  

The presence of ULVWF multimers detected in most of the plasma samples with very high VWF:Ag 

levels confirm a deficient ADAMTS13 proteolytic activity in the plasma of patients with TTP. A 

previous study also showed that a deficient ADAMTS13 alone is sufficient to cause the accumulation 

of large VWF multimers in plasma, leading to a prothrombotic state in mice (Banno et al. 2006) and 

additional studies in TTP patients (Schwameis et al. 2015; Furlan et at., 1999).  

The loss of large multimers detected in 14% of the HIV-associated TTP patient samples, and in 18% 

of the HIV-positive cohort samples suggest clearance of large VWF multimers from the circulation 

as trapping occurs in the micro-vasculature. However, this finding has also been observed in TTP 

patients during remission (Stufano et al. 2012) and may reflect the background prothrombotic state 

in patients with persistent endothelial activation and release of VWF (Banno et al. 2006).  



123 
 

The current study confirmed that HIV-associated TTP patients had the same VWF multimeric 

characteristics with accumulation of ultra large VWF multimers as patients with other forms of 

acquired TTP. A study by Aukrust et al. (2000) indicated that the presence of HIV infection triggers 

endothelial activation that results in increased VWF release and a relative ADAMTS13 deficiency 

might trigger the onset of TTP in HIV infected patients (Cruccu et al. 1994; Gunther et al. 2006; 

Fujimura and Matsumoto 2010; Pos et al. 2011).  

The primary objective of this study was to provide novel insights into potential epitopic regions on 

the ADAMTS13 protein for autoantibodies interaction. The IgG antibodies are primarily involved in 

the pathogenesis of other acquired forms of TTP by effecting decreased ADAMTS13 protein in 

plasma (Luken et al. 2006) but these antibodies have not been characterized in acquired HIV-

associated TTP. The results of the current study show that all IgG antibodies isolated from 53 HIV-

associated TTP patient plasma samples had multiple binding sites on the four functional domains of 

ADAMTS13 investigated. Anti-ADAMTS13 IgG antibodies were also detected in HIV positive control 

cohort samples and had similar binding specificities as the autoantibodies in HIV-associated TTP 

patients.  

A Peptide ELISA approach was used to evaluate IgG antibodies binding to synthetic linear 

overlapping peptides of the ADAMTS13 protein. Peptide libraries are expensive for large proteins, 

such as ADAMTS13 protein. Therefore, to minimize costs, we selected domains that contributed 

significantly to the function of ADAMTS13 and towards the substrate VWF according to published 

literature (Section 2.1). The selected ADAMTS13 proximal domains include the Metalloprotease, 

Disintegrin-like, Cysteine-rich and Spacer domains. These domains interact with unravelled VWF 

substrate and are necessary for the proteolytic activity of ADAMTS13. Furthermore, their activity 

towards VWF fragments under static conditions has been evaluated demonstrating individual 

influences on ADAMTS13 activity (Thomas et al. 2015).  

The advantage of a Peptide ELISA approach is that it provides an overview of all peptide residue 

regions that could possibly be affected by autoantibodies and allows immunological active regions 

to be identified. Another advantage of the Peptide ELISA is that it allows the detection of linear 

continuous epitopes that interact with paratopes based on their primary structure. Previous reports 

indicate that epitopes are more exposed on the surface than the remaining antigen, suggesting that 

they protrude from the antigen surface (Andersen et al. 2006; Thornton et al. 1986). Furthermore, 

it is also indicated that an average epitope residue size is ~10 - 25 amino acids with a linear stretch 

of 5 or more residues.  These linear parts constitute more than half of the epitope size in most (85%) 
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epitopes (Kringelum et al. 2013). The main limitation of a Peptide ELISA is that it does not reveal 

which antibodies are inhibitory and which are non-inhibitory towards the ADAMTS13 antigen.  

For this study, 105 linear overlapping synthetic peptides were designed and manufactured by 

GenScript® (USA) for use in a Peptide ELISA assay. A peptide length that allowed complete coverage 

of the ADAMTS13 domains was selected still affording the minimization of costs. The advantage of 

using synthetic peptides is the fact that large quantities of defined peptides can be synthesized at 

low cost while avoiding the need for biochemical purification and expression of native immunogens 

that are labour intensive and requires expertise (Bustin et al. 2003). Synthetic peptides are also 

protected against proteolysis and degradation in vitro (Seebach and Gardiner, 2008). The advantage 

of using overlapping peptides is that every possible epitope within a protein is covered. 

Furthermore, peptides were biotinylated on the N-terminal side to maximally expose the epitope of 

the peptide.  

Purified intact antibodies are needed when performing epitope-mapping studies (Luken et al. 2005). 

IgG antibodies were isolated using a protein G affinity purification method which is the preferred 

method to obtain human IgG antibodies from a mixture of immunoglobulins of different isotypes 

(Huse et al. 2002). This method proved to be efficient as sufficient quantities of the antibody were 

obtained with the commercially available protein G spin columns. The method is also not time-

consuming and is the least expensive method available for purifying antibodies. Protein G also 

allowed the intact structure of the IgG (both the heavy chain and the light chain) to bind through 

the Fc portion of the antibody, as indicated by the results of the SDS PAGE. SDS PAGE is the most 

widely used method to detect and visualize a purified protein within a gel matrix (Nasiri et al. 2017; 

Osborne and Brooks, 2006). 

The purity of the isolated antibody was assessed using spectrophotometer analysis. Contamination-

free purity extracts were obtained as indicated by the 260/280 ratio readings of less than <0.6 

observed for each sample (Supplementary Data 9). A protein in a solution absorbs ultraviolet light 

at 280nm and nucleic acid contaminants at 260nm, which contributes to the total absorbance of the 

sample. A 260/280 nm absorbance ratio of more than 0.6 indicates DNA contamination, while a 

260/280 nm ratio of less than 0.6 indicates that the protein is free from nucleic acid contaminants 

(Wilfinger et al. 1997). A dialysis step was also included to reduce salt contamination from antibody 

solutions. This step is required, especially when glycine has been used to elute the antibodies, since 

glycine can facilitate buffer salt crystallization causing pH shifts and potentially affecting stability of 

the protein (Pikal-Cleland et al. 2002).  
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Our epitope-mapping studies indicated that anti-ADAMTS13 IgG antibodies identified similar 

immuno-dominant epitopes in the HIV-associated TTP group and the HIV positive control cohort but 

additional binding sites were also identified in the two groups. We also observed that the Cysteine-

rich and spacer domains harbour major binding sites in the HIV-associate TTP patients but not in the 

HIV positive control cohort.  

The first immune-dominant epitope regions was identified in the Metalloprotease domain. All the 

HIV-associated TTP samples and the HIV positive control cohort samples showed reactivity to the 

first peptide of the Metalloprotease domain. The potential epitope region was identified and 

comprised of amino acids “AAGGI” at position 74-80 in the full ADAMTS13 nucleotide sequence. 

These amino acid residues are located on the C-terminal part of the propeptide domain on the 

ADAMTS13 protein. The propeptide domain is reported to function as a molecular chaperone of 

ADAMTS13 and does not affect the enzymatic action of the protein or its expression levels (Majerus 

et al. 2003). Therefore, it is unclear what effect autoantibodies binding to the propeptide domain 

will have on the function of ADAMTS13. A previous study also detected IgG antibodies binding the 

propeptide domain in 20% of acquired TTP patient plasma samples (Klaus et al. 2004).  

Another immune-dominant epitope for all the IgG antibodies from the HIV-associated TTP patient 

plasma samples was identified at position 125-139, a potential epitopic region with the amino acid 

sequence “RVHLVKMVILTEPEG” in the region coding the Metalloprotease domain.  Other potential 

epitope regions were identified at amino acid residues 169-189, 200-224, 220-244 and 260-284 on 

the Metalloprotease domain. These regions contain the ADAMTS13 catalytic sequence as well as 

ADAMTS13 sub-sites, which are important for ADAMTS13 interaction with VWF (Xiang et al. 2011). 

Autoantibodies that bind to these regions may affect the interaction of ADAMTS13 with the VWF 

substrate. All plasma samples from the HIV-associated TTP patient group and 55% of the HIV positive 

control cohort samples had IgG antibodies binding to these regions. The effect of these IgG 

antibodies on ADAMTS13 activity needs to be investigated in future studies. 

The current study also demonstrated that 58% of the IgG autoantibodies from HIV-associated TTP 

patient samples and 83% from the HIV positive control cohort samples interacted with various linear 

peptides from the Disintegrin-like domain. This domain has been reported to significantly increase 

the cleavage efficiency and specificity of ADAMTS13 (Ai et al. 2005; De Groot et al. 2009; Xiang et 

al. 2011; Crawley et al. 2011). The Disintegrin-like domain contains exocites at Arg349 and Leu350 

residues that form weaker interactions with the unravelled VWF A2 domain residues at Asp1614 

and Ala1612 close to the cleavage site. Thus, antibodies that bind to both the Metalloprotease 

domain and the Disintegrin-like domain may affect the ability of the ADAMTS13 protease to interact 
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with the VWF substrate. Furthermore, the Metalloprotease domain was identified as the most 

antigenic region when compared to the Disintegrin-like domain in both groups. 

Previous studies on epitope-mapping in acquired TTP patients have identified antibodies that bind 

to the Metalloprotease and Disintegrin-like domains of ADAMTS13 (Klaus et al. 2004; Zheng et al. 

2010). However, the frequency of antibodies binding to these domains in other studies was different 

to the findings in the current study. Klaus et al. (2004) detected antibodies binding the ADAMTS13 

catalytic domains in 56% of patients with acquired TTP using immunoblotting. While Zheng et al. 

(2010) detected IgG antibodies from 96% of the plasma samples of acquired TTP patients that bind 

to the ADAMTS13 catalytic domains by using immunoprecipitation and western blotting. In the 

study, we found that all 100% of the HIV-associated TTP patient samples had anti-ADAMTS13 IgG 

antibodies that bind to specific regions on the ADAMTS13 Metalloprotease and Disintegrin-like 

domains and that 83% of the HIV positive control cohort had similar anti-ADAMTS13 IgG 

autoantibodies.   

We also found that 98% of HIV-associated TTP patient samples had IgG autoantibodies that bind to 

both the Cysteine-rich as well as the Spacer domains. All of these samples contained autoantibodies 

that bind to the Spacer domain alone which is in agreement with previous studies that showed that 

both the Cysteine-rich and Spacer domains are constantly involved in antibody binding in patients 

with acquired TTP (Zheng et al. 2010; Soejima et al. 2003; Klaus et al. 2004; Luken et al. 2005). The 

Cysteine-rich and Spacer domain have been found valuable for efficient in vivo VWF ADAMTS13 

proteolysis (De Groot et al. 2015; Jin et al. 2010; Gao et al. 2008; Gao, 2006; Majerus et al. 2005; 

Akiyama et al. 2009) and thus, IgG autoantibodies that bind to these domains may interfere with 

ADAMTS13 activity. 

The current study observed two immune-dominant epitopes on the Cysteine-rich domain and all 

the HIV-associated TTP patient IgG autoantibodies interacted with these epitopes. Potential epitope 

regions were identified on linear overlapping peptides with residues at position 445-504 and 505- 

564 of the Cysteine-rich domain to which 28% of the HIV positive control samples had 

autoantibodies. This domain has been shown to promote conformational changes in the Spacer 

domain, thus allowing the Spacer domain to interact with the VWF (De Groot et al. 2011). Therefore, 

antibodies binding to the Cysteine-rich may also affect ADAMTS13-VWF interactions.  

An interesting finding was that all plasma samples from the HIV-associated TTP patient group 

showed IgG autoantibody binding to amino acid residues 645-684 from the Spacer domain. A 

potential epitopic region with the amino acid sequence “QEDADIQVYRRYGEEYGNLTRPDITFTYFQ” 

located at position 650-669 on the full ADAMTS13 nucleotide sequence was then identified. 
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However, several other regions also contributed to the antigenicity of the Spacer domain. About 

79% of the TTP patient samples had IgG autoantibody binding at linear overlapping peptides at 

position 590-624 and 51% at position 625-649 of the ADAMTS13 Spacer domain. Only one HIV-

associated TTP patient plasma sample had IgG autoantibody binding at amino acid residues 560-586 

of the Spacer domain. The observed differences in epitope specificity suggest that at least three 

binding patterns of antibodies to the Spacer domain are present in patients with HIV-associated 

TTP.  

The Spacer domain is essential for proteolysis of full-length VWF under flow conditions (Jin et al. 

2010). A previous study by Luken et al. (2006) also identified potential epitope regions 572-579 and 

657-666 in the Spacer domain in all acquired TTP patient samples analysed. Another study by Pos et 

al. (2010) also identified autoantibodies binding residues 660, 661 and 665 as pathogenic antibodies 

resulting in TTP. These residues were also shown to interact with the VWF A2 domain, suggesting 

that antibodies binding to these residues affect binding exosite of the ADAMTS13 protein. In this 

study, we also found that the potential epitope regions identified harbours these specific residues. 

Indicating that IgG autoantibodies in HIV-associated TTP patients may have similar anti-ADAMTS13 

antibody binding patterns to the Spacer domains, similar to other forms of acquired TTP, considering 

the important role of the spacer domain in providing high-affinity binding of ADAMTS13 at positions 

658-666 to VWF substrate at position 1660-1668 (section 2.1). The major antigenic determinants 

identified in the spacer domain may contribute to a compromised ADAMTS13 activity and induce 

acquired ADAMTS13 deficiency. Furthermore, the inhibitory and non-inhibitory autoantibodies in 

HIV-associated TTP patients did not necessarily exhibit distinct binding patterns, because the Fc-

mediated antibody effector function of these autoantibodies might be different. 

Another interesting finding is that 39% of IgG autoantibodies detected in the HIV positive control 

group did not show any binding to the Cysteine-rich and Spacer domains of ADAMTS13 suggesting 

evolution of autoantibodies as the TTP disease progress. This is often referred to as epitope 

spreading. Although purified IgG autoantibodies from the HIV positive control samples shared some 

linear epitopes with HIV-associated TTP patients, they were not inhibitory towards ADAMTS13. The 

difference may be due to different antibody binding affinity. It has previously been demonstrated 

that HIV positive individuals present with high levels of galactosylated antibodies, which induce 

chronic antibody-mediated inflammation in autoimmunity (Moore et al. 2005; Alter et al. 2018) and 

it is therefore postulated that chronic inflammation related to high viral loads may be associated 

with the altering the pathogenicity of anti-ADAMTS13 autoantibodies.  
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The results of this study showed that the ADAMTS13 proximal domains contain various epitope 

regions for anti-ADAMTS13 IgG autoantibody interaction in HIV-associated TTP patients. Therefore, 

it is evident that a polyclonal mixture of anti-ADAMTS13 IgG antibodies is present in HIV-associated 

TTP patients with similar binding patterns interacting with specific epitopes in the ADAMTS13 

proximal domains. These include amino acid residues 125-139, 169-189, 200-224, 220-244 and 260- 

284 in the Metalloprotease domain, 445-504 and 505-564 in the Cysteine-rich domain, and 650- 

669, 590-624 and 625-649 in the Spacer domain. We also showed that HIV positive individuals 

without TTP had anti-ADAMTS13 IgG autoantibodies that share linear epitopes with anti-ADAMTS13 

IgG antibodies detected in HIV-associated TTP patients. 
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Chapter 6: Conclusion 

 
In conclusion, this study has shown that most HIV-associated TTP patients with significantly reduced 

ADAMTS13 activity of <10% had anti-ADAMTS13 IgG autoantibodies. Patients with a high anti-

ADAMTS13 IgG antibody titer were deficient in ADAMTS13 antigen levels indicating that 

autoantibodies have functions beyond the inhibition of ADAMTS13 activity and may effect antibody-

mediated clearance of ADAMTS13. It is also likely that ADAMTS13 activity is impaired by antibody 

binding to ADAMTS13 and block its substrate-cleaving activity. The presence of anti-ADAMTS13 IgM 

and IgA autoantibodies and the absence of inhibiting IgG autoantibodies in some patients with HIV-

associated TTP further support suggestions that ADAMTS13 antibody-mediated depletion may 

contribute to the reduction of ADAMTS13 activity. Therefore, ADAMTS13 replacement therapy in 

HIV-associated TTP patients could possibly be beneficial. Interestingly, HIV infection and associated 

inflammation may contribute to compromised ADAMTS13 activity levels.  

From our observations, both ADAMTS13, including autoantibody titers, and VWF parameters should 

be included in the diagnostic panel for HIV-associated TTP patients as these parameters have 

diagnostic and prognostic value.  

Importantly, the epitope-mapping analysis revealed that anti-ADAMTS13 IgG antibodies detected 

in HIV-associated TTP patients bind to various antigenic regions on the Metalloprotease, Cysteine-

rich, and Spacer domains while IgG antibodies in HIV negative individuals with TTP target mostly the 

Cysteine and Spacer domains. In this study we identified immunodominant epitopes in HIV-

associated TTP patients, suggesting that these IgG autoantibodies have dominant immune 

responses to specific antigenic regions of ADAMTS13 potentially affecting the proteolytic activity of 

this enzyme.   

This is the first study to report on the epitopes affected by anti-ADAMTS13 IgG antibodies in both 

HIV-associated TTP and HIV positive patient plasma samples. Some IgG antibodies of HIV positive 

patients shared linear epitope regions identified by anti-ADAMTS13 IgG antibodies from HIV-

associated TTP patients. However, the Cysteine-rich and Spacer domains were not constantly 

involved in binding anti-ADAMTS13 IgG antibodies in the control cohort without TTP, unlike the HIV-

associated TTP patients. Furthermore, a large percentage (68%) of anti-ADAMTS13 IgG 

autoantibodies detected in HIV-associated TTP patients were inhibitory, while the anti-ADAMTS13 

IgG autoantibodies detected in HIV positive controls were not inhibitory. Whether or not the 

autoantibodies in HIV serve as the basis for the emergence of high affinity, pathogenic 

autoantibodies remains unclear and further studies are indicated.  The current study suggests that 
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anti-ADAMTS13 antibodies may correlate with clinical outcomes and should be included in the 

routine clinical diagnostics for improving TTP disease management outcomes in South Africa. 

Monitoring ADAMTS13 autoantibody titers to ascertain the risk of relapse may be of clinical 

importance in HIV-associated TTP patients. 

This study has improved our understanding of the immunological response potentially involved in 

HIV-associated TTP. This study also recommends screening for inhibitory anti-ADAMTS13 IgG 

autoantibodies to characterize the pathophysiology of HIV-associated TTP. 

 

Limitations and Future studies 

The first limitation which impacted on the study timelines was access to samples from patients with 

confirmed HIV-associated TTP which is a relatively rare disorder and the diagnosis of TTP remains 

challenging.  

Secondly, we did not screen the whole ADAMTS13 protein for potential epitopic regions, due to the 

costs involved in obtaining a peptide library of the full-length ADAMTS13 protein. Thus, only the 

ADAMTS13 proximal domains were selected, based on their structure-function properties. Future 

studies might include screening the remaining ADAMTS13 distal domains for potential epitope 

regions. It will also be interesting to determine the epitope regions recognized by anti-ADAMTS13 

IgM and IgA autoantibodies to understand the antibody-mediated mechanisms involved. It will also 

be of value to determine whether the presence of anti-ADAMTS13 IgG antibodies in HIV positive 

individuals precedes the clinical disease onset of TTP potentially identifying at risk HIV infected sub-

groups. Our study therefore has laid a foundation for future studies that aim to investigate the 

significance, isotypes and titres of ADAMTS13 autoantibodies in HIV-associated patients with and 

without TTP. 

Furthermore, it has previously been indicated that individuals with specific human leukocyte 

antigens (HLA) may be at risk for developing acquired TTP (Coppo et al. 2010). HIV-infection may be 

a triggering factor for individuals with these genetic backgrounds. Therefore, studies are needed to 

screen for the risk associated HLA molecules in our population, both in HIV infected and HIV-

associated TTP patients in order to increase our understanding of HIV-associated TTP. It will thus be 

interesting to determine whether HIV positive individuals with high anti-ADAMTS13 IgG titers also 

have the risk associated HLA molecules.  

Screening assays such as the detection of ADAMTS13 autoantibodies using lateral flow assays might 

be developed for point-of-care testing to monitor therapeutic interventions and to determine the 
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different stages of the disease. Future studies may also include the design of epitope-based vaccines 

that can reduce the amount of ineffective antibodies in infected individuals. It may also be of benefit 

to develop functional ADAMTS13 variants with reduced antigenicity to such antibodies for the 

treatment of patients with autoantibodies to ADAMTS13.  

 

Impact of the study 

This study has provided a novel insight into epitope-specific binding of anti-ADAMTS13 IgG 

autoantibodies in HIV-associated TTP and HIV infected patients without TTP and has highlighted the 

contribution of ADAMTS13 autoantibodies to the function and clearance of ADAMTS13 in HIV-

associated TTP. Humoral immune responses play an important role in the pathogenesis of HIV-

associated TTP and increased understanding is needed for better management of TTP in HIV-

infected individuals. Characterizing autoantibodies present in HIV-associated TTP patients may be 

of clinical importance in predicting relapses and monitoring efficiency of therapeutic interventions. 

Therefore, our study has laid a foundation for future studies that aim to investigate the prognostic 

significance of autoantibodies (antibody classes, subclasses and concentration) to ADAMTS13 in 

patients with initial presentations of HIV-associated TTP. This study has therefore improved our 

understanding of HIV-associated TTP. 
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Appendix A: The full-length ADAMTS13 nucleotide sequence      
 

ADAMTS13 amino acid sequence 

 
1  MHQRHPRARC PPLCVAGILA CGFLLGCWGP SHFQQSCLQA LEPQAVSSYL SPGAPLKGRP 

61  PSPGFQRQRQ RQRRAAGGIL HLELLVAVGP DVFQAHQEDT ERYVLTNLNI GAELLRDPSL 

121  GAQFRVHLVK MVILTEPEGA PNITANLTSS LLSVCGWSQT INPEDDTDPG HADLVLYITR 

181  FDLELPDGNR QVRGVTQLGG ACSPTWSCLI TEDTGFDLGV TIAHEIGHSF GLEHDGAPGS 

241  GCGPSGHVMA SDGAAPRAGL AWSPCSRRQL LSLLSAGRAR CVWDPPRPQP GSAGHPPDAQ 

301  PGLYYSANEQ CRVAFGPKAV ACTFAREHLD MCQALSCHTD PLDQSSCSRL LVPLLDGTEC 

361  GVEKWCSKGR CRSLVELTPI AAVHGRWSSW GPRSPCSRSC GGGVVTRRRQ CNNPRPAFGG 

421  RACVGADLQA EMCNTQACEK TQLEFMSQQC ARTDGQPLRS SPGGASFYHW GAAVPHSQGD 

481  ALCRHMCRAI GESFIMKRGD SFLDGTRCMP SGPREDGTLS LCVSGSCRTF GCDGRMDSQQ 

541  VWDRCQVCGG DNSTCSPRKG SFTAGRAREY VTFLTVTPNL TSVYIANHRP LFTHLAVRIG 

601  GRYVVAGKMS ISPNTTYPSL LEDGRVEYRV ALTEDRLPRL EEIRIWGPLQ EDADIQVYRR 

661  YGEEYGNLTR PDITFTYFQP KPRQAWVWAA VRGPCSVSCG AGLRWVNYSC LDQARKELVE 

721  TVQCQGSQQP PAWPEACVLE PCPPYWAVGD FGPCSASCGG GLRERPVRCV EAQGSLLKTL 

781  PPARCRAGAQ QPAVALETCN PQPCPARWEV SEPSSCTSAG GAGLALENET CVPGADGLEA 

841  PVTEGPGSVD EKLPAPEPCV GMSCPPGWGH LDATSAGEKA PSPWGSIRTG AQAAHVWTPA 

901 AGSCSVSCGR GLMELRFLCM DSALRVPVQE ELCGLASKPG SRREVCQAVP CPARWQYKLA 

961  ACSVSCGRGV VRRILYCARA HGEDDGEEIL LDTQCQGLPR PEPQEACSLE PCPPRWKVMS 

1021  LGPCSASCGL GTARRSVACV QLDQGQDVEV DEAACAALVR PEASVPCLIA DCTYRWHVGT 

1081  WMECSVSCGD GIQRRRDTCL GPQAQAPVPA DFCQHLPKPV TVRGCWAGPC VGQGTPSLVP 

1141  HEEAAAPGRT TATPAGASLE WSQARGLLFS PAPQPRRLLP GPQENSVQSS ACGRQHLEPT 

1201  GTIDMRGPGQ ADCAVAIGRP LGEVVTLRVL ESSLNCSAGD MLLLWGRLTW RKMCRKLLDM 

1261  TFSSKTNTLV VRQRCGRPGG GVLLRYGSQL APETFYRECD MQLFGPWGEI VSPSLSPATS 

1321  NAGGCRLFIN VAPHARIAIH ALATNMGAGT EGANASYILI RDTHSLRTTA FHGQQVLYWE 

1381  SESSQAEMEF SEGFLKAQAS LRGQYWTLQS WVPEMQDPQS WKGKEGT 

Figure 1: The full ADAMTS13 nucleotide sequence. (https://www.ncbi.nlm.nih.gov/nuccore/525313726). Mature 
ADAMTS13 aa sequence underlined (75-1427) with amino acid sequences of selected domains for peptide library 
highlighted at different positions. The Metalloprotease (MP) domain (75-286, red) with active site sequence (light blue); 
Disintegrin-like domain (Dis-like) (287-383, yellow); Thrombospondin motif 1 number 1 (TSP1-1) (384-439, green); 
Cysteine-rich (Cys-rich) (440-558, grey); and the Spacer domain (spacer) (559-680, magenta); TSP1 repeats 2-8 
respectively (682-1131, green); CUB-1-2 (1192-1427, dark red) domains (GenBank:AAL110951). 

 

 

 

 

https://www.ncbi.nlm.nih.gov/nuccore/525313726
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Domains selected for designed an overlapping peptide library (GenScript) 

Overlapping linear peptide sequences. Length 20aa long/ 15aa overlapping/ 5 offset. The number 

of sequences = 105.  

 

 
Metalloprotease and Disitergrin-like domains (aa sequence: 75-383) 

 
61 XXXXXXXXXX XXXXAAGGIL HLELLVAVGP DVFQAHQEDT ERYVLTNLNI GAELLRDPSL 
121  GAQFRVHLVK MVILTEPEGA PNITANLTSS LLSVCGWSQT INPEDDTDPG HADLVLYITR 
181  FDLELPDGNR QVRGVTQLGG ACSPTWSCLI TEDTGFDLGV TIAHEIGHSF GLEHDGAPGS 
241  GCGPSGHVMA SDGAAPRAGL AWSPCSRRQL LSLLSAGRAR CVWDPPRPQP GSAGHPPDAQ 
301  PGLYYSANEQ CRVAFGPKAV ACTFAREHLD MCQALSCHTD PLDQSSCSRL LVPLLDGTEC 
361   GVEKWCSKGR CRSLVELTPI AAVXXXXXXX XXXXXXXXXX XXXXXXXXXX XXXXXXXXXX 

 
 

 

Cysteine-rich and Spacer domains (aa sequence: 440-680) 

421 XXXXXXXXXX XXXXXXXXXK TQLEFMSQQC ARTDGQPLRS SPGGASFYHW  GAAVPHSQGD 
481  ALCRHMCRAIGESFIMKRGD SFLDGTRCMP SGPREDGTLS LCVSGSCRTF   GCDGRMDSQQ 
541  VWDRCQVCGG DNSTCSPRKG SFTAGRAREY VTFLTVTPNL TSVYIANHRP  LFTHLAVRIG 
601  GRYVVAGKMS ISPNTTYPSL LEDGRVEYRV ALTEDRLPRL EEIRIWGPLQ  EDADIQVYRR 
661     YGEEYGNLTR PDITFTYFQP XXXXXXXXXX XXXXXXXXX  XXXXXXXXX   XXXXXXXXXX 
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Appendix B: Laboratory data of HIV-associated TTP patients at initial disease presentation. 
 

No.: Sample 
No.: 

Laboratory parameters 

  Schistocytes 
fragments 

Plt 
count 

(x109/L) 

Hb 
(g/dL) 

LDH 
(U/L) 

Creatinine 
(µg/L) 

Coombs 
test 

ADAMTS13 
Antigen 

levels (%) 

ADAMTS13 
Activity 

(%) 

HIV 
status 

P/N 

Viral load 
(Copies/mL) 

 

CD4+ T cell 
counts 

(Cells/mm3) 

ART at 
presentation 

Yes/No 
1. TTP 1 Present 17 7.6 1683 113 Negative 13 3 P LDL 383 Yes 

2. TTP 5 Present 6 5.5 1768 73 Negative 0 0 P ND 585 Yes 

3. TTP 6 Present 5 6.7 2708 129 Negative 2 6 P 9800000 187 No 

4. TTP 7 Present 6 5.6 3399 112 Negative 43 2 P LDL 180 Yes 

5. TTP 8 Present 5 6 2404 110 Negative 26 5 P 562 635 421 No 

6. TTP 9 Present 9 6.7 1053 122 Negative 18 8 P 653000 120 No 

7. TTP 10 Present 6 5.1 2148 102 Negative 4 2 P 241000 175 Yes 

8. TTP 11 Present 17 6.2 1537 113 Negative 12 2 P 1105000 138 No 

9. TTP 12 Present 13 5.3 3430 99 Negative 1 2 P LDL 247 No 

10. TTP 13 Present 13 5.8 1857 72 Negative 15 2 P 435000 193 No 

11. TTP 14 Present 17 6.2 1537 113 Negative 16 0 P 72905 138 No 

12. TTP 15 Present 6 5.1 2148 102 Negative 0 0 P 241000 175 No 

13. TTP 16 Present 13 5.3 3430 99 Negative 0 0 P LDL 347 No 

14. TTP 17 Present 7 4.1 3958 99 Negative 9 0 P 121000 547 Yes 

15. TTP 18 Present 6 6.6 575 87 Negative 0 0 P 769536 101 No 

16. TTP 19 Present 13 5.2 1983 207 Negative 14 0 P 1920 258 No 

Table continues… 
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No.: Sample 
No.: 

Laboratory parameters 

  Schistocytes 
fragments 

Plt 
count 

(x109/L) 

Hb 
(g/dL) 

LDH 
(U/L) 

Creatinine 
(µg/L) 

Coombs 
test 

ADAMTS13 
Antigen 

levels (%) 

ADAMTS13 
Activity 

(%) 

HIV 
status 

P/N 

Viral load 
(Copies/mL) 

 

CD4+ T cell 
counts 

(Cells/mm3) 

HAART at 
presentation 

Yes/No 
17. TTP 20 Present 4 6 2939 109 Negative 0 0 P 367000 102 No 

18. TTP 21 Present 11 5.3 921 88 Negative 0 0 P 367000 276 No 

19. TTP 22 Present 5 6.9 2038 62 Negative 3 0 P LDL  78 Yes 

20. TTP 23 Present 11 4.6 2948 245 Negative 11 5 P 64852 243 No 

21. TTP 24 Present 15 4.3 1652 36 Negative 3 0 P 12458 396 Yes 

22. TTP 25 Present 12 3.1 4775 116 Negative 26 8 P 375000 198 No 

23. TTP 27 Present 22 5.9 4982 98 Negative 9 0 P 197800 89 No 

24. TTP 28 Present 10 5.2 3962 106 Negative 48 4 P 8452 382 Yes 

25. TTP 29 Present 9 6.1 898 140 Negative 28 1 P ND 162 No 

26. TTP 31 Present 11 5.2 1025 80 Negative 5 1 P ND 441 Yes 

27. TTP 33 Present 15 6.9 1335 77 Negative 4 0 P LDL 831 Yes 

28. TTP 34 Present 4 9.1 1052 56 Negative 3 0 P 8974 304 Yes 

29. TTP 35 Present 6 6.1 3166 38 Negative 3 0 P 125458 189 No 

30. TTP 37 Present 9 4.8 8675 98 Negative 2 1 P ND 84 No 

31. TTP 38 Present 8 4.7 8436 79 Negative 10 0 P 7523 201 No 

32.  TTP 39 Present 15 6.5 1254 90 Negative 1 0 P 9875 211 Yes 

33. TTP 40 Present 17 6.5 2335 95 Negative 4 0 P 123654 102 No 

34. TTP 42 Present 36 7.7 4121 100 Negative 14 0 P ND 189 No 

Table continues… 
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No.: Sample 
No.: 

Laboratory parameters 

  Schistocytes 
fragments 

Plt 
count 

(x109/L) 

Hb 
(g/dL) 

LDH 
(U/L) 

Creatinine 
(µg/L) 

Coombs 
test 

ADAMTS13 
Antigen 

levels (%) 

ADAMTS13 
Activity 

(%) 

HIV 
status 

P/N 

Viral load 
(Copies/mL) 

 

CD4+ T cell 
counts 

(Cells/mm3) 

ART at 
presentation 

Yes/No 
35. TTP 43 Present 22 4.2 873 152 Negative 6 0 P 258679 187 No 

36. TTP 45 Present 37 5.4 890 130 Negative 5 0 P 748752 50 No 

37. TTP 48 Present 10 4.6 956 87 Negative 37 5 P ND 180 No 

38. TTP 49 Present 10 5.2 1089 56 Negative 2 0 P 197857 113 No 

39.  TTP 50 Present 5 5.8 2145 45 Negative 1 0 P 97852 182 Yes 

40. TTP 51 Present 19 5.7 5487 50 Negative 9 10 P 684257 80 No 

41. TTP 52 Present 15 5.2 6665 95 Negative 0 0 P 26897 135 No 

42. TTP 53 Present 15 6.3 3400 298 Negative 15 1 P 547860 191 Yes 

43. TTP 55 Present 5 8.3 9852 119 Negative 13 1 P 1500987 68 No 

44.  TTP 56 Present 6 7.7 2365 187 Negative 16 1 P 4879 289 No 

45. TTP 57 Present 13 5.9 1857 75 Negative 5 1 P 587 415 Yes 

46. TTP 58 Present 14 4.1 1248 48 Negative 16 6 P 487521 171 No 

47. TTP 59 Present 71 6.6 903 58 Negative 24 8 P 998000 108 No 

48. TTP 60 Present 8 4.3 1409 70 Negative 4 0 P 1978522 71 No 

49. TTP 61 Present 17 5.8 2393 66 Negative 30 5 P 875551 97 No 

50. TTP 62 Present 42 6.6 1499 142 Negative 14 0 P 65427 144 No 

51. TTP 63 Present 36 4.9 1207 60 Negative 10 0 P 1587820 28 No 

52. TTP 64 Present 28 8.2 1596 74 Negative 0 0 P 15874 258 No 

Table continues… 
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No.: Sample 
No.: 

Laboratory parameters 

  Schistocytes 
fragments 

Plt 
count 

(x109/L) 

Hb 
(g/dL) 

LDH 
(U/L) 

Creatinine 
(µg/L) 

Coombs 
test 

ADAMTS13 
Antigen 

levels (%) 

ADAMTS13 
Activity 

(%) 

HIV 
status 

P/N 

Viral load 
(Copies/mL) 

 

CD4+ T cell 
counts 

(Cells/mm3) 

HAART at 
presentation 

Yes/No 
53 TTP 65 Present 55 7.6 1930 83 Negative 15 2 P ND 347 Yes 

54. TTP 66 Present 16 5.8 1740 91 Negative 1 0 P ND 209 No 

55. TTP 67 Present 19 5.8 2486 124 Negative 41 1 P 352847 55 No 

56. TTP 69 Present 21 6.7 3096 113 Negative 13 5 P LDL 800 Yes 

57. TTP 70 Present 24 4.3 4812 81 Negative 1 6 P 557825 65 No 

58. TTP 71 Present 32 6.3 1121 101 Negative 9 3 P 1569536 10 No 

59. TTP 72 Present 16 4.2 1092 142 Negative 8 0 P 1587465 17 No 

All 59 HIV-associated TTP study samples were collected before plasma therapy. The HIV positive status was confirmed on all samples. Abbreviations: PLT– platelet count, Hb – 
Haemaglobulin, LDH – Lactate dehydrogenase, HIV status: P – Positive, N – Negative, CD4+ lymphocyte count, HAART – Highly active antiretroviral therapy, LDL – Lower than the 
detectable limit, ND – Not done. 
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Appendix C: Laboratory data of HIV positive control plasma samples 
No.: Study Sample No.: HIV status 

P/N 
Viral load 

(copies/mL) 
CD4+ count 
(cell/mm3) 

ART 
(Yes/No) 

1. 1/ P 500 117 Yes 
2. 37/ P 170000 430 Yes 
4. 186/ P 27188 285 Yes 
5. 30/ P 1090000 181 Yes 
6. 195/ P 12999 574 Yes 
7. 192/ P 48717 377 Yes 
8. 32/ P 99600 148 Yes 
9. 33/ P 105000 367 Yes 

10. 34/ P 77817 325 Yes 
11. 28/ P 16015 375 Yes 
12. 194/ P 10472 633 Yes 
13. 191/ P LDL 311 Yes 
14. 185/ P 31562 468 Yes 
15. 200/ P LDL 484 Yes 
16. 148/ P 22356 563 Yes 
17. 112/ P 18255 323 Yes 
18. 115/ P 3172 545 Yes 
19. 119/ P 135597 285 Yes 
20. 120/ P 17398 493 Yes 
21. 122/ P 22864 487 Yes 
22. 124/ P 36055 548 Yes 
23. 125/ P LDL 789 Yes 
24. 126/ P 106593 187 Yes 
25. 127/ P 520 242 Yes 
26. 129/ P LDL 589 Yes 
27. 130/ P 347 656 Yes 
28. 131/ P 48 271 Yes 
29. 133/ P 157000 213 Yes 
30. 134/ P LDL 631 Yes 
31. 135/ P 2154 472 Yes 
32. 137/ P 854 482 Yes 
33. 141/ P 10248 365 Yes 
34. 142/ P LDL 256 Yes 
35. 143/ P LDL 334 Yes 
36. 145/ P 952 477 Yes 
37. 146/ P LDL 374 Yes 
38. 147/ P 21548 244 Yes 
39. 149/ P LDL 752 Yes 
40. 151/ P LDL 582 Yes 
41. 152/ P LDL 521 Yes 
42. 153/ P 176000 321 Yes 
43. 154/ P LDL 431 Yes 
44. 155/ P 157455 254 Yes 
45. 156/ P 187000 264 Yes 
46. 157/ P 64785 234 Yes 
47. 160/ P 4578 321 Yes 
48. 161/ P LDL 443 Yes 
49. 162/ P 585 238 Yes 

Table continues… 
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Table continues… 
No.: Study Sample No.: HIV status 

P/N 
Viral load 

(copies/mL) 
CD4+ count 
(cell/mm3) 

ART 
(Yes/No) 

      
50. 163/ P LDL 745 Yes 
51. 164/ P LDL 642 Yes 
52. 165/ P LDL 607 Yes 
53. 167/ P 597 245 Yes 
54. 169/ P LDL 623 Yes 
55. 173/ P 587 542 Yes 
56. 174/ P 10074 574 Yes 
57. 175/ P LDL 159 Yes 
58. 177/ P LDL 575 Yes 
59. 76/ P LDL 785 Yes 
60. 80/ P LDL 547 Yes 
61. 81/ P <20 365 Yes 
62. 84/ P 110 457 Yes 
63. 87/ P 987 464 Yes 
64. 88/ P <20 354 Yes 
65. 89/ P LDL 760 Yes 
66. 91/ P 185 285 Yes 
67. 94/ P 8451 290 Yes 
68. 97/ P LDL 802 Yes 
69. 98/ P 543 371 Yes 
70. 99/ P 9875 245 Yes 
71. 103/ P LDL 524 Yes 
72. 104/ P 8745 230 Yes 
73. 106/ P 7895 296 Yes 
74. 108/ P 6987 275 Yes 
75. 111/ P 48200 115 Yes 
76. 38/ P LDL 586 Yes 
77. 42/ P 8785 258 Yes 
78. 43/ P 2750 615 Yes 
79. 44/ P LDL 352 Yes 
80. 45/ P 8647 348 Yes 
81. 46/ P LDL 387 Yes 
82. 47/ P LDL 565 Yes 
83. 48/ P LDL 742 Yes 
84. 49/ P 18967 250 Yes 
85. 50/ P 273 516 Yes 
86. 52/ P <50 472 Yes 
87. 54/ P 1025 542 Yes 
88. 55/ P LDL 491 Yes 
89. 56/ P 728 567 Yes 
90. 59/ P LDL 588 Yes 
91. 60/ P LDL 856 Yes 
92. 64/ P LDL 522 Yes 
93. 66/ P 71 344 Yes 
94. 68/ P 37 479 Yes 
95. 6/ P LDL 519 Yes 
96. 14/ P <20 267 Yes 

Table continues… 
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Table continues… 
No.: Study Sample No.: HIV status 

P/N 
Viral load 

(copies/mL) 
CD4+ count 
(cell/mm3) 

ART 
(Yes/No) 

      
97. 18/ P 16500 417 Yes 
98. 19/ P LDL 457 Yes 
99. 22/ P LDL 771 Yes 

100. 23/ P LDL 453 Yes 
HIV status: P – positive/ or N-negative, CD4+ - CD4+ lymphocyte count, HAART – Highly active antiretroviral therapy, 
LDL – Lower than detectable limit 
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Supplementary data 2:            

Table 4: The HIV status results.  

HIV-associated TTP samples (n=59)  HIV positive samples (n=100) 
No.: Study 

sample 
no.: 

OD values 
obtained at 
450/630 nm 

Interpretation 
of 

Results 

 Study 
sample 

no.: 

OD values 
obtained at 
450/630 nm 

Interpretation 
of 

Results 
1. TTP 1 1,271 Positive  1/ 1,643 Positive 
2. TTP 5 1,317 Positive  37/ 1,732 Positive 
3. TTP 6 1,735 Positive  186/ 1,505 Positive 
4. TTP 7 1,898 Positive  30/ 2,71 Positive 
5. TTP 8 1,719 Positive  195/ 1,887 Positive 
6. TTP 9 1,822 Positive  192/ 1,425 Positive 
7. TTP 10 1,509 Positive  32/ 1,371 Positive 
8. TTP 11 2,731 Positive  33/ 1,397 Positive 
9. TTP 12 2,177 Positive  36/ 1,502 Positive 

10. TTP 13 1,577 Positive  28/ 1,323 Positive 
11. TTP 14 1,645 Positive  194/ 1,506 Positive 
12. TTP 15 1,652 Positive  191/ 1,628 Positive 
13. TTP 16 1,474 Positive  185/ 1,217 Positive 
14. TTP 17 1,849 Positive  200/ 1,471 Positive 
15. TTP 18 1,447 Positive  148/ 1,25 Positive 
16. TTP 19 1,596 Positive  112/ 1,223 Positive 
17. TTP 20 1,703 Positive  115/ 1,335 Positive 
18. TTP 21 1,529 Positive  119/ 1,803 Positive 
19. TTP 22 1,526 Positive  120/ 1,263 Positive 
20. TTP 23 1,618 Positive  122/ 1,419 Positive 
21. TTP 24 1,955 Positive  124/ 1,675 Positive 
22. TTP 25 1,909 Positive  125/ 1,411 Positive 
23. TTP 27 1,683 Positive  126/ 1,244 Positive 
24. TTP 28 1,63 Positive  127/ 1,601 Positive 
25. TTP 29 1,161 Positive  129/ 1,52 Positive 
26. TTP 31 0,787 Positive  130/ 1,283 Positive 
27. TTP 33 1,203 Positive  131/ 2,364 Positive 
28. TTP 34 1,225 Positive  133/ 1,674 Positive 
29. TTP 35 1,172 Positive  134/ 1,255 Positive 
30. TTP 37 1,856 Positive  135/ 1,156 Positive 
31. TTP 38 1,097 Positive  137/ 1,177 Positive 
32. TTP 39 3,797 Positive  141/ 1,006 Positive 
33. TTP 40 3,189 Positive  142/ 1,07 Positive 
34. TTP 42 1,883 Positive  143/ 1,036 Positive 
35. TTP 43 1,236 Positive  145/ 1,54 Positive 
36. TTP 45 1,503 Positive  146/ 1,16 Positive 
37. TTP 48 2,125 Positive  147/ 1,042 Positive 
38. TTP 49 1,315 Positive  149/ 1,256 Positive 
39. TTP 50 1,631 Positive  151/ 1,862 Positive 
40. TTP 51 2,743 Positive  152/ 1,121 Positive 
41. TTP 52 1,76 Positive  153/ 1,977 Positive 
42. TTP 53 1,57 Positive  154/ 1,336 Positive 
43. TTP 55 1,586 Positive  155/ 1,096 Positive 

Table continues… 
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Table continues… 

HIV-associated TTP samples (n=59)  HIV positive samples (n=100) 
No.: Study 

sample 
no.: 

OD values 
obtained at 
450/630 nm 

Interpretation 
of 

Results 

 Study 
sample 

no.: 

OD values 
obtained at 
450/630 nm 

Interpretation 
of 

Results 
44. TTP 56 1,679 Positive  156/ 1,828 Positive 
45. TTP 57 2,012 Positive  157/ 1,145 Positive 
46. TTP 58 1,966 Positive  160/ 1,197 Positive 
47. TTP 59 1,744 Positive  161/ 1,206 Positive 
48. TTP 60 1,705 Positive  162/ 1,115 Positive 
49. TTP 61 1,625 Positive  163/ 1,261 Positive 
50. TTP 62 1,599 Positive  164/ 1,135 Positive 
51. TTP 63 1,594 Positive  165/ 1,598 Positive 
52. TTP 64 2,186 Positive  167/ 1,161 Positive 
53. TTP 65 2,48 Positive  169/ 1,893 Positive 
54. TTP 66 1,671 Positive  173/ 1,524 Positive 
55. TTP 67 1,893 Positive  174/ 1,539 Positive 
56. TTP 69 1,652 Positive  175/ 1,523 Positive 
57. TTP 70 2,037 Positive  177/ 1,498 Positive 
58. TTP 71 2,778 Positive  76/ 1,883 Positive 
59. TTP 72 2,437 Positive  80/ 1,483 Positive 
60.     81/ 1,597 Positive 
61.     84/ 1,795 Positive 
62.     87/ 1,59 Positive 
63.     88/ 1,506 Positive 
64.     89/ 2,424 Positive 
65.     91/ 1,803 Positive 
66.     94/ 1,537 Positive 
67.     97/ 1,466 Positive 
68.     98/ 1,432 Positive 
69.     99/ 1,592 Positive 
70.     103/ 1,602 Positive 
71.     104/ 1,375 Positive 
72.     106/ 1,32 Positive 
73.     108/ 1,354 Positive 
74.     111/ 1,448 Positive 
75.     38/ 1,288 Positive 
76.     42/ 1,452 Positive 
77.     43/ 1,541 Positive 
78.     44/ 1,53 Positive 
79.     45/ 1,331 Positive 
80.     46/ 1,213 Positive 
81.     47/ 1,188 Positive 
82.     48/ 1,246 Positive 
83.     49/ 1,561 Positive 
84.     50/ 1,202 Positive 
85.     52/ 1,26 Positive 
86.     54/ 1,341 Positive 
87.     55/ 1,327 Positive 
88.     56/ 1,209 Positive 

Table continue… 



170 
 

Table continues… 

HIV-associated TTP samples (n=59)  HIV positive samples (n=100) 
No.: Study 

sample 
no.: 

OD values 
obtained at 
450/630 nm 

Interpretation 
of 

Results 

 Study 
sample 

no.: 

OD values 
obtained at 
450/630 nm 

Interpretation 
of 

Results 
87.     55/ 1,327 Positive 
89.     59/ 1,285 Positive 
90.     60/ 1,483 Positive 
91.     64/ 1,225 Positive 
92.     66/ 1,967 Positive 
93.     68/ 1,644 Positive 
94.     6/ 1,221 Positive 
95.     14/ 1,261 Positive 
96.     18/ 1,202 Positive 
97.     19/ 0,385 Positive 
98.     22/ 1,433 Positive 
99.     23/ 1,263 Positive 

100.     25/ 1,24 Positive 
n, number of samples. 

Positive control OD value: 1.523 

Negative controls OD values:  0.065, 0.06, and 0.56 

Mean OD450 of Negative control = (0.065+0.06+0.056)/3 

                       = 0.060 

Calculation of the Cut-off value = 0.060 + 0.12 = 0.180 

Samples with OD450 value greater than the cut-off value of 0.180 are considered positive for the 
presence of HIV. 

Samples with OD450 cut-off value less than 0.180 are considered negative for HIV. 
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Supplementary data 3            

Table 4.1: ADAMTS13 antigen levels and ADAMTS13 activity of HIV-associated TTP and HIV positive 
individual plasma samples. 

HIV-associated TTP samples (n=59) 
 

HIV positive samples (n=100) 

No.: 
Study 

Sample 
No.: 

ADAMTS13 
antigen levels 

(Normal ranges 
50%-150%) 

ADAMTS13 
activity 

(Normal ranges 
50%-150%) 

 Study 
Sample 

No.: 

ADAMTS13 
antigen levels 

(Normal ranges 
50%-150%) 

ADAMTS13 
activity 

(Normal ranges 
50%-150%) 

1. TTP 1 13 3  1/ 55 86 
2. TTP 5 0 0  37/ 38 49 
3. TTP 6 2 6  186/ 42 42 
4. TTP 7 43 2  30/ 121 101 
5. TTP 8 26 5  195/ 65 71 
6. TTP 9 18 8  192/ 36 51 
7. TTP 10 4 2  32/ 100 65 
8. TTP 11 12 2  33/ 57 100 
9. TTP 12 1 2  36/ 64 68 
10. TTP 13 15 2  28/ 55 68 
11. TTP 14 16 0  194/ 70 100 
12. TTP 15 0 0  191/ 46 57 
13. TTP 16 0 0  185/ 50 63 
14. TTP 17 9 0  200/ 129 66 
15. TTP 18 0 0  148/ 43 52 
16. TTP 19 14 0  112/ 63 113 
17. TTP 20 0 0  115/ 68 65 
18. TTP 21 0 0  119/ 114 51 
19. TTP 22 3 0  120/ 130 77 
20. TTP 23 11 5  122/ 103 67 
21. TTP 24 3 0  124/ 73 82 
22. TTP 25 26 8  125/ 64 77 
23. TTP 27 9 0  126/ 24 43 
24. TTP 28 48 4  127/ 91 81 
25. TTP 29 28 1  129/ 123 98 
26. TTP 31 5 1  130/ 125 87 
27. TTP 33 4 0  131/ 93 100 
28. TTP 34 3 0  133/ 77 108 
29. TTP 35 3 0  134/ 42 50 
30. TTP 37 2 1  135/ 91 100 
31. TTP 38 10 0  137/ 60 80 
32. TTP 39 1 0  141/ 58 68 
33. TTP 40 4 0  142/ 72 67 
34. TTP 42 14 0  143/ 89 49 
35. TTP 43 6 0  145/ 107 100 
36. TTP 45 5 0  146/ 47 77 
37. TTP 48 37 5  147/ 52 82 
38. TTP 49 2 0  149/ 46 89 
39. TTP 50 1 0  151/ 21 53 
40. TTP 51 9 10  152/ 45 37 
41. TTP 52 0 0  153/ 52 101 
Table continues…. 



172 
 

Table continues… 

HIV-associated TTP samples (n=53)  HIV positive samples (n=100) 
No.: Study  

sample 
No.: 

ADAMTS13 
antigen levels 

(Normal ranges 
50%-150%) 

ADAMTS13 
activity 

(Normal ranges 
50%-150%) 

 Study 
Sample 

No.: 

ADAMTS13 
antigen levels 

(Normal ranges 
50%-150%) 

ADAMTS13 
activity 

(Normal ranges 
50%-150%) 

42. TTP 53 15 1  154/ 100 100 
43. TTP 55 13 1  155/ 79 100 
44. TTP 56 16 1  156/ 53 66 
45. TTP 57 5 1  157/ 37 100 
46. TTP 58 16 6  160/ 54 91 
47. TTP 59 24 8  161/ 36 75 
48. TTP 60 4 0  162/ 62 90 
49. TTP 61 30 5  163/ 70 90 
50. TTP 62 14 0  164/ 77 90 
51. TTP 63 10 0  165/ 100 89 
52. TTP 64 0 0  167/ 58 61 
53. TTP 65 15 2  169/ 47 54 
54. TTP 66 1 0  173/ 130 63 
55. TTP 67 41 1  174/ 120 85 
56. TTP 69 13 5  175/ 59 68 
57. TTP 70 1 6  177/ 120 28 
58. TTP 71 9 3  76/ 55 25 
59. TTP 72 8 0  80/ 104 57 
60.     81/ 115 100 
61.     84/ 54 31 
62.     87/ 53 116 
63.     88/ 64 100 
64.     89/ 116 109 
65.     91/ 55 70 
66.     94/ 67 68 
67.     97/ 58 78 
68.     98/ 54 77 
69.     99/ 62 57 
70.     103/ 48 60 
71.     104/ 100 100 
72.     106/ 57 100 
73.     108/ 74 94 
74.     111/ 53 100 
75.     38/ 125 78 
76.     42/ 130 60 
77.     43/ 71 61 
78.     44/ 130 67 
79.     45/ 121 80 
80.     46/ 85 78 
81.     47/ 62 49 
82.     48/ 74 64 
83.     49/ 57 54 
84.     50/ 60 44 
85.     52/ 53 50 
86.     54/ 69 60 
Table continues… 
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Table continues… 

HIV-associated TTP samples (n=53) 
 

HIV positive samples (n=100) 
No.: Study 

Sample 
No.: 

ADAMTS13 
antigen levels 

(Normal ranges 
50%-150%) 

ADAMTS13 
activity 

(Normal ranges 
50%-150%) 

 Study 
Sample 
No.: 

ADAMTS13 
antigen levels 

(Normal ranges 
50%-150%) 

ADAMTS13 
activity 

(Normal ranges 
50%-150%) 

87.     55/ 95 71 
88.     56/ 101 67 
89.     59/ 68 69 
90.     60/ 33 37 
91.     64/ 77 100 
92.     66/ 91 100 
93.     68/ 57 100 
94.     6/ 71 68 
95.     14/ 56 61 
96.     18/ 64 71 
97.     19/ 120 120 
98.     22/ 116 88 
99.     23/ 99 68 
100.     25/ 79 58 

n, number of samples    

Average:   10.88  1.81     72.24  74.12 
  

Standard deviation: 11.58  2.62     29.73  21.14 

Median:  9  0     66  71 

 

T-test:      

For ADAMTS13 antigen levels 

Statistically significant (p value) = 6.62E-36 

For ADAMTS13 activity levels 

 Statistically significant (p value) = 4,02E-59 

 

 

 

 

 

 

 

 

 



174 
 

Supplementary data 4           

Table 4.2: Anti-ADAMTS13 IgG antibody titer of HIV-associated TTP and HIV positive individual plasma 
samples.     

HIV-associated TTP samples (n=59)  HIV Positive samples (n=100) 
 
 

 
 

No.: 

 
 
Study 

sample 
No.: 

ADAMTS13: IgG 
(Technozyme® 

ADAMTS13 ELISA) 
(Negative 

<12ug/mL; Positive 
>15ug/mL) 

 
 
 
 

Interpretation 

  
 
Study 

sample 
No.: 

ADAMTS13: IgG 
(Technozyme® 

ADAMTS13 ELISA) 
(Negative 

<12ug/mL; Positive 
>15ug/mL) 

 
 
 
 

Interpretation 

1. TTP 1 175 Positive  1/ 12 Negative 
2. TTP 5 64 Positive  37/ 8 Negative 
3. TTP 6 97 Positive  186/ 4 Negative 
4. TTP 7 7 Negative  30/ 13 Negative 
5. TTP 8 40 Positive  195/ 4 Negative 
6. TTP 9 223 Positive  192/ 2 Negative 
7. TTP 10 77 Positive  32/ 65 Positive 
8. TTP 11 42 Positive  33/ 18 Positive 
9. TTP 12 32 Positive  36/ 5 Negative 
10. TTP 13 59 Positive  28/ 8 Negative 
11. TTP 14 57 Positive  194/ 4 Negative 
12. TTP 15 94 Positive  191/ 4 Negative 
13. TTP 16 78 Positive  185/ 2 Negative 
14. TTP 17 107 Positive  200/ 3 Negative 
15. TTP 18 96 Positive  148/ 7 Negative 
16. TTP 19 25 Positive  112/ 3 Negative 
17. TTP 20 77 Positive  115/ 5 Negative 
18. TTP 21 28 Positive  119/ 8 Negative 
19. TTP 22 96 Positive  120/ 9 Negative 
20. TTP 23 57 Positive  122/ 18 Positive 
21. TTP 24 103 Positive  124/ 4 Negative 
22. TTP 25 26 Positive  125/ 13 Negative 
23. TTP 27 54 Positive  126/ 3 Negative 
24. TTP 28 42 Positive  127/ 4 Negative 
25. TTP 29 48 Positive  129/ 8 Negative 
26. TTP 31 111 Positive  130/ 32 Positive 
27. TTP 33 21 Positive  131/ 5 Negative 
28. TTP 34 28 Positive  133/ 14 Negative 
29. TTP 35 13 Negative  134/ 9 Negative 
30. TTP 37 2 Negative  135/ 5 Negative 
31. TTP 38 105 Positive  137/ 17 Positive 
32. TTP 39 102 Positive  141/ 13 Negative 
33. TTP 40 18 Positive  142/ 12 Negative 
34. TTP 42 33 Positive  143/ 5 Negative 
35. TTP 43 14 Negative  145/ 9 Negative 
36. TTP 45 32 Positive  146/ 7 Negative 
37. TTP 48 30 Positive  147/ 6 Negative 
38. TTP 49 37 Positive  149/ 7 Negative 
39. TTP 50 131 Positive  151/ 9 Negative 
40. TTP 51 3 Negative  152/ 6 Negative 
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                      HIV-associated TTP samples (n=59)                               HIV positive samples (n=100) 
 
 

 
 

No.: 

 
 
Study 

sample 
No.: 

ADAMTS13: IgG 
(Technozyme® 

ADAMTS13 ELISA) 
(Negative 

<12ug/mL; Positive 
>15ug/mL) 

 
 
 
 

Interpretation 

  
 
Study 

sample 
No.: 

ADAMTS13: IgG 
(Technozyme® 

ADAMTS13 ELISA) 
(Negative 

<12ug/mL; Positive 
>15ug/mL) 

 
 
 
 

Interpretation 

41. TTP 52 86 Positive  153/ 10 Negative 
42. TTP 53 6 Negative  154/ 9 Negative 
43. TTP 55 80 Positive  155/ 5 Negative 
44. TTP 56 23 Positive  156/ 24 Positive 
45. TTP 57 71 Positive  157/ 4 Negative 
46. TTP 58 18 Positive  160/ 5 Negative 
47. TTP 59 21 Positive  161/ 70 Positive 
48. TTP 60 21 Positive  162/ 6 Negative 
49. TTP 61 55 Positive  163/ 16 Positive 
50. TTP 62 28 Positive  164/ 40 Positive 
51. TTP 63 17 Positive  165/ 29 Positive 
52. TTP 64 23 Positive  167/ 8 Negative 
53. TTP 65 26 Positive  169/ 7 Negative 
54. TTP 66 18 Positive  173/ 14 Negative 
55. TTP 67 22 Positive  174/ 10 Negative 
56. TTP 69 18 Positive  175/ 6 Negative 
57. TTP 70 82 Positive  177/ 4 Negative 
58. TTP 71 92 Positive  76/ 4 Negative 
59. TTP 72 47 Positive  80/ 11 Negative 
60.     81/ 4 Negative 
61.     84/ 5 Negative 
62.     87/ 7 Negative 
63.     88/ 6 Negative 
64.     89/ 2 Negative 
65.     91/ 5 Negative 
66.     94/ 19 Positive 
67.     97/ 3 Negative 
68.     98/ 24 Positive 
69.     99/ 8 Negative 
70.     103/ 3 Negative 
71.     104/ 5 Negative 
72.     106/ 21 Positive 
73.     108/ 38 Positive 
74.     111/ 9 Negative 
75.     38/ 5 Negative 
76.     42/ 7 Negative 
77.     43/ 21 Positive 
78.     44/ 8 Negative 
79.     45/ 6 Negative 
80.     46/ 72 Positive 
81.     47/ 5 Negative 
82.     48/ 4 Negative 
83.     49/ 7 Negative 
84.     50/ 6 Negative 
85.     52/ 8 Negative 
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n, number of samples 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                            HIV-associated TTP samples (n=59)                        HIV positive samples (n=100) 
 
 

 
 

No.: 

 
 
Study 

sample 
No.: 

ADAMTS13: IgG 
(Technozyme® 

ADAMTS13 ELISA) 
(Negative 

<12ug/mL; Positive 
>15ug/mL) 

 
 
 
 

Interpretation 

  
 
Study 

sample 
No.: 

ADAMTS13: IgG 
(Technozyme® 

ADAMTS13 ELISA) 
(Negative 

<12ug/mL; Positive 
>15ug/mL) 

 
 
 
 

Interpretation 

86.     54/ 4 Negative 
87.     55/ 8 Negative 
88.     56/ 13 Negative 
89.     59/ 7 Negative 
90.     60/ 87 Positive 
91.     64/ 2 Negative 
92.     66/ 4 Negative 
93.     68/ 29 Positive 
94.     6/ 6 Negative 
95.     14/ 7 Negative 
96.     18/ 10 Negative 
97.     19/ 6 Negative 
98.     22/ 6 Negative 
99.     23/ 6 Negative 
100.     25/ 1 Negative 
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Table 4.3: Mixing studies results and the inhibitory Bethesda units for individual HIV-associated TTP plasma 

samples.  

 
 

 
No.: 

 
Study 
sample 
No.: 

Mixing studies 
(50:50 mix) 

ADAMTS13 activity 
(Normal ranges: 

 50%-150%)  

Interpretation of 
mixing studies results 
(<50% - no correction; 

>50% - correction) 

Residual 
ADAMTS13 

Activity 
(25%-75%) 

Bethesda Units 
(Normal ranges 

<0.5 BU/mL) 
 

1. TTP 1 12% No correction 38% 11.17 
2. TTP 5 28% No correction 39% 4.54 
3. TTP 6 29% No correction 46% 17.92 
4. TTP 8 60% Correction >75% <0.5 
5. TTP 9 59% Correction >75% <0.5 
6. TTP 10 12% No correction 57% 3.04 
7. TTP 11 14% No correction 42% 1.25 
8. TTP 12 12% No correction 55% 1.72 
9. TTP 13 6% No correction 38% 5.58 
10. TTP 14 6% No correction 25%  8.0 
11. TTP 15 7% No Correction 30% 13.90 
12. TTP 16 4% No Correction 43% 9.74 
13. TTP 17 9% No Correction 41% 10.29 
14. TTP 18 6% No correction 46% 8.96 
15. TTP 19 61% Correction >75% <0.5 
16. TTP 20 68% Correction >75% <0.5 
17. TTP 21 57% Correction >75% <0.5 
18. TTP 22 9% No correction 38% 16.50 
19. TTP 23 68% Correction >75% <0.5 
20. TTP 24 9% No correction 45% 9.21 
21. TTP 25 79% Correction >75% <0.5 
22. TTP 27 42% No correction 39% 1.40 
23. TTP 28 21% No correction 34% 6.23 
24. TTP 29 10% No correction 47% 2.18 
25. TTP 31 8% No correction 47% 8.71 
26. TTP 33 51% Correction >75% <0.5 
27. TTP 34 65% Correction >75% <0.5 
28. TTP 38 4% No Correction 21% 9.0 
29. TTP 39 4% No Correction 27% 14.80 
30. TTP 40 98% Correction >75% <0.5 
31. TTP 42 26% No Correction 46% 1.12 
32. TTP 45 2% No Correction 46% 8.96 
33. TTP 48 30% No Correction 54% 3.60 
34. TTP 49 36% No Correction 64% 0.64 
35. TTP 50 10% No Correction 36% 11.79 
36. TTP 52 50% No correction 39% 2.7 
37. TTP 55 31% No Correction 51% 3.90 
38. Pre 56 68% Correction >75% <0.5 
39. TTP 57 48% No correction 68% 1.11 
40. TTP 58 73% Correction >75% <0.5 
41. TTP 59 55% Correction >75% <0.5 
42. TTP 60 14% No Correction 25% 2.0 
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(Number of samples = 53). 

 

 

 

 

 

 

 

  

 
 
 

No.: 

 
Study 

sample 
No.: 

Mixing studies 
(50:50 mix) 

ADAMTS13 activity 
(Normal ranges 50%-

150%)  

Interpretation of 
mixing studies results 
(<50% - no correction; 

>50% - correction) 

Residual 
ADAMTS13 

Activity 
(25%-75%) 

Bethesda Units 
(Normal ranges 

<0.5 BU/mL) 
 

43. TTP 61 40% No Correction 55% 0.86 
44. TTP 62 50% Correction >75% <0.5 
45. TTP 63 54% Correction >75% <0.5 
46. TTP 64 23% No Correction 31% 1.70 
47. TTP 65 71% Correction >75% <0.5 
48. TTP 66 22% No Correction 32% 2.12 
49. TTP 67 36% No Correction 28% 1.85 
50. TTP 69 54% Correction >75% <0.5 
51. TTP 70 9% No Correction 37% 11.48 
52. TTP 71 5% No Correction 31% 13.52 
53. TTP 72 13% No Correction 27% 7.56 
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Table 4.4: The concentrations of IgM and IgA antibodies in plasma samples of HIV-associated TTP and HIV 
positive patients. 

 
HIV-associated TTP samples (n=53) 

  
HIV positive samples (n=18) 

 
Study 
sample 
No.: 

Plasma IgM 
antibody 

Normal ranges: 
0.23-1.4 mg/mL 

Plasma IgA antibody 
Normal ranges: 
1.1-2.6 mg/mL 

  
Study 
sampl
e No.: 

Plasma IgM antibody  
Normal ranges:  
0.23-1.4 mg/mL 

Plasma IgA antibody 
Normal ranges: 
1.1-2.6 mg/mL 

TTP 1 1,75 2,67  32/ 0,61 1.64 
TTP 5 1,36 2,85  33/ 0,68 1.84 
TTP 6 1,46 1,97  122/ 1,70 1.63 
TTP 8 1,71 1,19  130/ 0,56 1.52 
TTP 9 1,33 2,95  137/ 0,85 1.78 
TTP 10 1,72 1,06  156/ 0,85 1.71 
TTP 11 1,54 1,53  161/ 0,58 1.54 
TTP 12 1,36 2,82  163/ 1.2 1.92 
TTP 13 1,4 2,93  164/ 1,29 1.84 
TTP 14 2,16 2,81  165/ 0,58 1.53 
TTP 15 1,2 1,89  94/ 0,61 1.55 
TTP 16 1,47 1,9  98/ 0,47 1.41 
TTP 17 1,53 1,72  106/ 0,21 1.78 
TTP 18 1,6 1,11  108/ 1,08 1.87 
TTP 19 1,05 1,7  43/ 0,60 1.55 
TTP 20 1,37 1,82  46/ 0,59 1.57 
TTP 21 1,62 2,93  60/ 2.0 1.56 
TTP 22 1,53 1,76  68/ 0,61 1.56 
TTP 23 2,02 1,77     
TTP 24 1,66 2,85     
TTP 25 2,35 2,89     
TTP 27 1,1 1,16     
TTP 28 1,59 1,91     
TTP 29 1,63 1,87     
TTP 31 1,35 1,8     
TTP 33 2,1 1,78     
TTP 34 1,78 1,78     
TTP 38 1,39 2,76     
TTP 39 1,55 1,84     
TTP 40 1,75 2,7     
TTP 42 1,38 2,82     
TTP 45 1,15 2,98     
TTP 48 1,12 1,82     
TTP 49 1,27 1,9     
TTP 50 1,69 1,7     
TTP 52 1,08 2,8     
TTP 55 1,7 2,65     
TTP 56 1,67 1,61     
TTP 57 1,69 1,63     
TTP 58 1,83 1,7     
TTP 59 1,63 1,58     
TTP 60 1,81 2,71     
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HIV-associated TTP samples (n=53) 

  
HIV positive samples (n=18) 

 
Study 
sample 
No.: 

Plasma IgM 
antibody 

Normal ranges: 
0.23-1.4 mg/mL 

Plasma IgA antibody 
Normal ranges: 
1.1-2.6 mg/mL 

  
Study 
sampl
e No.: 

Plasma IgM antibody  
Normal ranges:  
0.23-1.4 mg/mL 

Plasma IgA antibody 
Normal ranges: 
1.1-2.6 mg/mL 

TTP 61 1,94 2,8     
TTP 62 1,91 2,75     
TTP 63 1,68 1,68     
TTP 64 1,57 1,53     
TTP 65 1,54 1,51     
TTP 66 1,6 1,58     
TTP 67 1,88 2,97     
TTP 69 1,55 1,54     
TTP 70 1,61 1,64     
TTP 71 1,68 1,85     
TTP 72 1,7 2,64     

n, number of samples 
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Table 4.5 A: Anti-ADAMTS13 IgM and anti-ADAMTS13 IgA in HIV-associated TTP and HIV positive plasma 
samples.  

The cut-off OD value for anti-ADAMTS13 IgM obtained is 0.134 and for anti-ADMTS13 IgA is 0.114. The results are 

interpreted as either positive (+) for the presence and negative (-) for the absence of anti-ADAMTS13 IgM and IgA 

antibodies. 

HIV-associated TTP plasma samples (n=53) 

Number Study 
sample No.: 

Anti-ADAMTS13 
IgM antibody 

(ELISA) 
Cut-off value >0.134 

Interpretation  
Positive (+)/ 
Negative (-) 

Anti-ADAMTS13 IgA 
antibody 
(ELISA) 

Cut-off value >0.114 

Interpretation  
Positive (+)/ 
Negative (-) 

1. TTP 1 0.103 - 0.106 - 
2. TTP 5 0.119 - 0.221 + 
3. TTP 6 0.251 + 0.208 + 
4. TTP 8 0.126 - 0.103 - 
5. TTP 9 0.262 + 0.208 + 
6. TTP 10 0.087 - 0.105 - 
7. TTP 11 0.119 - 0.252 + 
8. TTP 12 0.276 + 0.294 + 
9. TTP 13 0.095 - 0.25 + 
10. TTP 14 0.239 + 0.265 + 
11. TTP 15 0.093 - 0.084 - 
12. TTP 16 0.264 + 0.298 + 
13. TTP 17 0.267 + 0.215 + 
14. TTP 18 0.241 + 0.285 + 
15. TTP 19 0.12 - 0.233 + 
16. TTP 20 0.11 - 0.239 + 
17. TTP 21 0.246 + 0.243 + 
18. TTP 22 0.251 + 0.273 + 
19. TTP 23 0,053 - 0,211 + 
20. TTP 24 0,248 + 0,243 + 
21. TTP 25 0,069 - 0,216 + 
22. TTP 27 0,068 - 0,261 + 
23. TTP 28 0,073 - 0,082 - 
24. TTP 29 0,073 - 0,089 - 
25. TTP 31 0,201 + 0,203 + 
26. TTP 33 0.109 - 0.221 + 
27. TTP 34 0.083 - 0.241 + 
28. TTP 38 0.083 - 0.112 - 
29. TTP 39 0.078 - 0.215 + 
30. TTP 40 0.105 - 0.103 - 
31. TTP 42 0.243 + 0.103 - 
32. TTP 45 0.285 + 0.227 + 
33. TTP 48 0.265 + 0.23 + 
34. TTP 49 0.277 + 0.217 + 
35. TTP 50 0.072 - 0.066 - 
36. TTP 52 0.102 - 0.339 + 
37.  TTP 55 0.124 - 0.26 + 
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HIV-associated TTP samples (n=53) 
Number Study 

sample No.: 
Anti-ADAMTS13 

IgM antibody 
(ELISA) 

Cut-off value >0.143 

Interpretation  
Positive (+)/ 
Negative (-) 

Anti-ADAMTS13 IgA 
antibody 
(ELISA) 

Cut-off value >0.114 

Interpretation  
Positive (+)/ 
Negative (-) 

38. TTP 56 0.092 - 0.092 - 
39. TTP 57 0.12 - 0.261 + 
40. TTP 58 0.119 - 0.075 - 
41. TTP 59 0.063 - 0.112 - 
42. TTP 60 0.096 - 0.105 - 
43. TTP 61 0.088 - 0.098 - 
44. TTP 62 0.108 - 0.085 - 
45. TTP 63 0.132 - 0.259 + 
46. TTP 64 0.103 - 0.07 - 
47. TTP 65 0.107 - 0.237 + 
48. TTP 66 0.076 - 0.108 - 
49. TTP 67 0.088 - 0.11 - 
50. TTP 69 0.076 - 0.251 + 
51. TTP 70 0.127 - 0.339 + 
52. TTP 71 0.067 - 0.247 + 
53. TTP 72 0.281 + 0.211 + 

 

HIV positive plasma samples (n=18) 
Number Study 

sample No.: 
Anti-ADAMTS13 

IgM antibody 
(ELISA) 

Cut-off value >0.134 

Interpretation  
Positive (+)/ 
Negative (-) 

Anti-ADAMTS13 IgA 
antibody 
(ELISA) 

Cut-off value >0.114 

Interpretation  
Positive (+)/ 
Negative (-) 

1. 32/ 0.095 - 0.094 - 
2. 33/ 0.078 - 0.067 - 
3. 122/ 0.077 - 0.101 - 
4. 130/ 0.08 - 0.083 - 
5. 137/ 0.103 - 0.061 - 
6. 156/ 0.107 - 0.095 - 
7. 161/ 0.079 - 0.083 - 
8. 163/ 0.075 - 0.067 - 
9. 164/ 0.204 + 0.147 + 
10. 165/ 0.108 - 0.105 - 
11. 94/ 0.114 - 0.087 - 
12. 98/ 0.076 - 0.059 - 
13. 106/ 0.075 - 0.086 - 
14. 108/ 0.289 + 0.347 + 
15. 43/ 0.25 + 0.093 - 
16. 46/ 0.204 + 0.189 + 
17. 60/ 0.278 + 0.192 + 
18. 68/ 0.08 - 0.064 - 
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Table 4.5 B: Anti-ADAMTS13 IgM and IgA ELISA assay precision calculation results 

1. Anti-ADAMTS13 IgM antibody Precision results 

Negative sample (PNP)  Positive IgM sample 

Plate Results 1 Results 2 Mean OD490 
value 

 Plate Results 1 Results 2 Mean OD490 
value 

1. 0.108 0.104 0.106  1. 0.425 0.438 0.4315 

2. 0.106 0.108 0.107  2. 0.404 0.408 0.406 

3. 0.099 0.097 0.098  3. 0.42 0.424 0.422 

4. 0.089 0.091 0.09  4. 0.392 0.408 0.4 

5. 0.105 0.109 0.107  5. 0.371 0.409 0.39 

Means 0.102  Means 0.410 

Standard deviation 0.0075  Standard deviation 0.0167 

% Coefficient of variation 7.36%  % Coefficient of variation 4.09% 

Inter-assay CV (n=5) = average of positive and negative control CV =  ( 7.36+ 4.09)/2 = 5.74% 

 

2. Anti-ADAMTS13 IgA antibody precision results 

Negative sample (PNP)  Positive IgA sample 

Plate Results 1 Results 2 Mean OD490 
value 

 Plate Results 1 Results 2 Mean OD490 
value 

1. 0.089 0.082 0.0855  1. 0.235 0.239 0.237 

2. 0.093 0.092 0.0925  2. 0.257 0.257 0.257 

3. 0.096 0.098 0.097  3. 0.268 0.265 0.267 

4. 0.089 0.089 0.089  4. 0.241 0.24 0.241 

5. 0.082 0.08 0.081  5. 0.27 0.275 0.273 

Means 0.089  Means 0.255 

Standard deviation 0.0062  Standard deviation 0.0156 

% Coefficient of variation 6.94%  % Coefficient of variation 6.13% 

Inter-assay CV (n=5) = average of positive and negative control CV =  ( 6.94+ 6.13)/2 = 6.54% 

 

Table 4.5 C: Determining the cut-off values for anti-ADAMTS13 IgM and anti-ADAMTS13 IgA 

The cut-off value for ELISA system was determined using the mean absorbance of a negative control plus 2x 

times the standard deviation, as described by Kumar & Rao (1991). Samples with OD value at 490 nm greater 

than the cut-off value were considered as positive and samples with the OD value at 490 nm less than the 

cut-off value were considered as negative.  
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• For anti-ADAMTS13 IgM: Calculation was as follow: mean value plus 2 (Standard deviation) = 0.1075 

+ 2(0.01584) = 0.139.   

No.: Negative 
OD value Mean SD 2SD Cut-off value 

1. 0.097  
 
 
 
 
 
 

0.1075 

 
 
 
 
 
 
 
0.01584 

 
 
 
 
 

(2*0.01584) 
 

= 0.0317 

 
 
 
 
 

(0.016 + 0.0317)  
 
= 0.139 

2. 0.13 
3. 0.113 
4. 0.09 
5. 0.097 
6. 0.13 
7. 0.113 
8. 0.09 
9. 0.097 

10. 0.13 
11. 0.113 
12. 0.09 
13. 0.097 
14. 0.13 
15. 0.113 
16. 0.09 
17. 0.097 
18. 0.13 
19. 0.113 
20 0.09 

• For anti-ADAMTS13 IgA: Calculation was as follow: mean value plus 2 (Standard deviation) = 
0.0977 + 2(0.00818) = 0.114.   

No.: Negative 
OD value Mean SD 2SD Cut-off value 

1. 0,097  
 
 
 
 
 
 

0.0977 

 
 
 
 
 
 
 
0.00818 

 
 
 
 
 

(2*0.00818) 
 

= 0.0164 

 
 
 
 
 

(0.0979 + 0.0164)  
 
= 0.114 

2. 0,113 
3. 0,099 
4. 0,103 
5. 0,099 
6. 0,095 
7. 0,092 
8. 0,085 
9. 0,112 

10. 0,099 
11. 0,097 
12. 0,095 
13. 0,115 
14. 0,087 
15. 0,098 
16. 0,097 
17. 0,09 
18. 0,096 
19. 0,087 
20 0,097 
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Table 4.6: VWF antigen levels of HIV-associated TTP plasma samples and HIV positive samples. 

HIV-associated TTP samples (n=59)  HIV positive samples (n=100) 
No.: Study 

sample 
no.: 

VWF:Ag levels  
(ELISA) 

Normal ranges: 50% - 150% 

 Study 
sample 
no.: 

VWF:Ag levels 
(ELISA) 

Normal ranges: 50% - 150% 
1. TTP 1 152  1/ 538 
2. TTP 5 177  37/ 102 
3. TTP 6 217  186/ 287 
4. TTP 7 250  30/ 234 
5. TTP 8 158  195/ 112 
6. TTP 9 217  192/ 318 
7. TTP 10 226  32/ 211 
8. TTP 11 174  33/ 318 
9. TTP 12 178  36/ 87 
10. TTP 13 243  28/ 170 
11. TTP 14 154  194/ 184 
12. TTP 15 185  191/ 222 
13. TTP 16 211  185/ 114 
14. TTP 17 227  200/ 253 
15. TTP 18 318  148/ 374 
16. TTP 19 158  112/ 141 
17. TTP 20 217  115/ 210 
18. TTP 21 226  119/ 239 
19. TTP 22 174  120/ 163 
20. TTP 23 381  122/ 322 
21. TTP 24 80  124/ 199 
22. TTP 25 180  125/ 269 
23. TTP 27 170  126/ 146 
24. TTP 28 260  127/ 251 
25. TTP 29 280  129/ 187 
26. TTP 31 286  130/ 226 
27. TTP 33 281  131/ 379 
28. TTP 34 136  133/ 213 
29. TTP 35 207  134/ 117 
30. TTP 37 278  135/ 291 
31. TTP 38 134  137/ 138 
32. TTP 39 170  141/ 219 
33. TTP 40 124  142/ 155 
34. TTP 42 270  143/ 358 
35. TTP 43 124  145/ 133 
36. TTP 45 217  146/ 471 
37. TTP 48 157  147/ 354 
38. TTP 49 158  149/ 183 
39. TTP 50 190  151/ 173 
40. TTP 51 405  152/ 220 
41. TTP 52 201  153/ 206 
42. TTP 53 700  154/ 286 
43. TTP 55 289  155/ 69 
44. TTP 56 70  156/ 317 
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HIV-associated TTP samples (n=59)  HIV positive samples (n=100) 
No.: Study 

sample 
no.: 

VWF:Ag levels  
(ELISA) 

Normal ranges: 50% - 150% 

 Study 
sample 
no.: 

VWF:Ag levels 
(ELISA) 

Normal ranges: 50% - 150% 
45. TTP 57 348  157/ 136 
46. TTP 58 183  160/ 139 
47. TTP 59 668  161/ 164 
48. TTP 60 292  162/ 168 
49. TTP 61 176  163/ 239 
50. TTP 62 293  164/ 233 
51. TTP 63 408  165/ 141 
52. TTP 64 163  167/ 110 
53. TTP 65 523  169/ 125 
54. TTP 66 109  173/ 149 
55. TTP 67 162  174/ 173 
56. TTP 69 201  175/ 175 
57. TTP 70 157  177/ 123 
58. TTP 71 214  76/ 150 
59. TTP 72 85  80/ 129 
60.    81/ 158 
61.    84/ 272 
62.    87/ 102 
63.    88/ 271 
64.    89/ 193 
65.    91/ 184 
66.    94/ 201 
67.    97/ 220 
68.    98/ 209 
69.    99/ 61 
70.    103/ 107 
71.    104/ 135 
72.    106/ 401 
73.    108/ 349 
74.    111/ 203 
75.    38/ 90 
76.    42/ 331 
77.    43/ 240 
78.    44/ 218 
79.    45/ 260 
80.    46/ 158 
81.    47/ 399 
82.    48/ 228 
83.    49/ 199 
84.    50/ 105 
85.    52/ 107 
86.    54/ 292 
87.    55/ 149 
88.    56/ 261 
89.    59/ 235 
90.    60/ 181 
91.    64/ 155 
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HIV-associated TTP samples (n=59)  HIV positive samples (n=100) 
No.: Study 

sample 
no.: 

VWF:Ag levels  
(ELISA) 

Normal ranges: 50% - 150% 

 Study 
sample 
no.: 

VWF:Ag levels 
(ELISA) 

Normal ranges: 50% - 150% 
92.    66/ 127 
93.    68/ 210 
94.    6/ 173 
95.    14/ 209 
96.    18/ 160 
97.    19/ 124 
98.    22/ 142 
99.    23/ 149 
100.    25/ 157 
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Table 4.7: The VWF propeptide levels and VWFpp/VWF:Ag ratio of HIV-associated TTP and HIV positive 
plasma samples. 

HIV-associated TTP samples (n=59)  HIV positive samples (n=100) 
No.: Study 

sample 
no,: 

VWFpp levels  
(ELISA) 

Normal ranges: 
(60%-140)% 

VWFpp/VWF:Ag 
ratio 

 Study 
sample 
no,: 

VWFpp levels 
(ELISA) 

Normal ranges: 
(60%-140)% 

VWFpp/VWF:
Ag ratio 

1. TTP 1 118 0,78  1/ 1258 2,34 
2. TTP 5 350 1,98  37/ 270 2,65 
3. TTP 6 1275 5,88  186/ 162 0,56 
4. TTP 7 214 0,86  30/ 409 1,75 
5. TTP 8 603 3,82  195/ 484 4,32 
6. TTP 9 518 2,34  192/ 207 0,65 
7. TTP 10 913 4,94  32/ 910 4,31 
8. TTP 11 321 1,36  33/ 371 1,17 
9. TTP 12 701 3,88  36/ 270 3,10 
10. TTP 13 224 1,03  28/ 460 2,71 
11. TTP 14 527 2,33  194/ 234 1,27 
12. TTP 15 478 2,75  191/ 368 1,66 
13. TTP 16 889 4,99  185/ 167 1,46 
14. TTP 17 822 3,38  200/ 604 2,39 
15. TTP 18 372 2,42  148/ 913 2,44 
16. TTP 19 205 1,11  112/ 229 1,62 
17. TTP 20 271 1,28  115/ 235 1,12 
18. TTP 21 397 1,75  119/ 260 1,09 
19. TTP 22 789 2,48  120/ 540 3,31 
20. TTP 23 764 4,03  122/ 424 1,32 
21. TTP 24 322 1,02  124/ 345 1,73 
22. TTP 25 183 1,18  125/ 126 0,47 
23. TTP 27 201 1,62  126/ 308 2,11 
24. TTP 28 422 1,52  127/ 511 2,04 
25. TTP 29 425 2,44  129/ 223 1,20 
26. TTP 31 697 1,35  130/ 436 1,93 
27. TTP 33 380 1,35  131/ 721 1,90 
28. TTP 34 77 0,57  133/ 1075 5,05 
29. TTP 35 205 0,99  134/ 491 4,20 
30. TTP 37 294 1,06  135/ 931 3,20 
31. TTP 38 59 0,44  137/ 205 1,49 
32. TTP 39 294 1,72  141/ 503 2,30 
33. TTP 40 30 0,24  142/ 570 3,68 
34. TTP 42 188 0,70  143/ 609 1,70 
35. TTP 43 324 2,61  145/ 205 1,54 
36. TTP 45 581 2,68  146/ 211 0,45 
37. TTP 48 225 1,43  147/ 269 0,76 
38. TTP 49 205 1,29  149/ 552 3,02 
39. TTP 50 182 0,96  151/ 323 1,87 
40. TTP 51 700 1,72  152/ 390 1,77 
41. Pre 52 946 4,71  153/ 491 2,38 
42. Pre 53 354 0,51  154/ 862 3,01 
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HIV-associated TTP samples (n=59)  HIV positive samples (n=100) 
No.: Study 

sample 
no,: 

VWFpp levels  
(ELISA) 

Normal ranges: 
(60%-140)% 

VWFpp/VWF:Ag 
ratio 

 Study 
sample 
no,: 

VWFpp levels 
(ELISA) 

Normal ranges: 
(60%-140)% 

VWFpp/VWF:
Ag ratio 

43. TTP 55 480 1,66  155/ 104 1,51 
44. TTP 56 194 2,77  156/ 488 1,54 
45. TTP 57 368 1,06  157/ 205 1,51 
46. TTP 58 342 1,87  160/ 278 2 
47. TTP 59 394 0,59  161/ 424 2,56 
48. TTP 60 292 1  162/ 546 3,25 
49. TTP 61 133 0,76  163/ 1002 4,19 
50. TTP 62 104 0,35  164/ 461 1,98 
51. TTP 63 144 0,35  165/ 345 2,45 
52. TTP 64 84 0,52  167/ 269 2,45 
53. TTP 65 293 0,56  169/ 369 2,95 
54. TTP 66 253 2,32  173/ 351 2,36 
55. TTP 67 199 1,23  174/ 533 3,08 
56. TTP 69 156 0,78  175/ 131 0,75 
57. TTP 70 220 1,40  177/ 558 4,54 
58. TTP 71 76 0,35  76/ 168 1,12 
59. TTP 72 115 1,35  80/ 290 2,25 
60.     81/ 105 0,66 
61.     84/ 235 0,86 
62.     87/ 83 0,81 
63.     88/ 278 1,03 
64.     89/ 384 1,99 
65.     91/ 253 1,38 
66.     94/ 430 2,14 
67.     97/ 314 1,42 
68.     98/ 436 2,09 
69.     99/ 217 3,56 
70.     103/ 113 1,06 
71.     104/ 150 1,11 
72.     106/ 1331 3,32 
73.     108/ 826 2,37 
74.     111/ 193 0,95 
75.     38/ 162 1,8 
76.     42/ 238 0,72 
77.     43/ 745 3,10 
78.     44/ 346 1,59 
79.     45/ 137 0,53 
80.     46/ 232 1,47 
81.     47/ 270 0,68 
82.     48/ 327 1,43 
83.     49/ 276 1,39 
84.     50/ 150 1,43 
85.     52/ 289 2,70 
86.     54/ 473 1,62 
87.     55/ 238 1,60 
88.     56/ 428 1,64 
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HIV-associated TTP samples (n=59)  HIV positive samples (n=100) 
No.: Study 

sample 
no,: 

VWFpp levels 
(ELISA) 

Normal ranges: 
(60%-140)% 

VWFpp/ VWF:Ag 
ratio 

 Study 
sample 
no,: 

VWFpp levels 
(ELISA) 

Normal ranges: 
(60%-140)% 

VWFpp/ 
VWF:Ag ratio 

89.     59/ 498 2,12 
90.     60/ 131 0,72 
91.     64/ 290 1,87 
92.     66/ 174 1,37 
93.     68/ 253 1,20 
94.     6/ 188 1,09 
95.     14/ 644 3,08 
96.     18/ 276 1,73 
97.     19/ 289 2,33 
98.     22/ 327 2,30 
99.     23/ 169 1,13 
100.     25/ 156 0,99 
n, number of samples. 
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Figure 4.5.1: VWF multimer patterns obtained by 1% SDS agarose gel electrophoresis.  
Numbers in each lane identifies VWF multimeric patterns of individual plasma samples from the HIV-associated TTP, 
HIV positive and pooled normal plasma samples. 
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Table 4.8: Obtained concentrations of purified IgG from individual plasma samples. 

HIV-associated TTP samples (n=53)  HIV positive samples (n=18) 
No,: Study 

sample 
no,: 

Quantified purities of 
IgG antibodies 

(mg/mL) 

 
260/280 

ratio 

 Study 
sample 
no,: 

Quantified purities 
of IgG antibodies 

(mg/mL) 

 
260/280 

ratio 
1. TTP 1 10,49 0,598  32/ 5,028 0,550 
2. TTP 5 4,544 0,552  33/ 1,437 0,585 
3. TTP 6 9,762 0,553  122/ 1,36 0,597 
4. TTP 8 2,376 0,583  130/ 3,715 0,531 
5. TTP 9 14,79 0,526  137/ 1,265 0,554 
6. TTP 10 3,702 0,572  156/ 1,4 0,558 
7. TTP 11 3,545 0,563  161/ 7,63 0,514 
8. TTP 12 4,311 0,570  163/ 1,312 0,583 
9. TTP 13 5,168 0,548  164/ 4,152 0,540 
10. TTP 14 1,315 0,567  165/ 3,138 0,543 
11. TTP 15 6,870 0,538  94/ 1,265 0,554 
12. TTP 16 7,572 0,544  98/ 2,045 0,544 
13. TTP 17 10,58 0,541  106/ 1,735 0,595 
14. TTP 18 9,413 0,540  108/ 3,78 0,547 
15. TTP 19 6,622 0,563  43/ 3,906 0,580 
16. TTP 20 4,969 0,587  46/ 6,701 0,570 
17. TTP 21 11,08 0,545  60/ 6,803 0,512 
18. TTP 22 7,200 0,568  68/ 2,997 0,534 
19. TTP 23 4,027 0,534     
20. TTP 24 7,507 0,525     
21. TTP 25 14,79 0,526     
22. TTP 27 9,91 0,535     
23. TTP 28 9,488 0,578     
24. TTP 29 13,243 0,537     
25. TTP 31 14,256 0,546     
26. TTP 33 8,876 0,500     
27. TTP 34 3,293 0,524     
28. TTP 38 14,57 0,508     
29. TTP 39 2,591 0,531     
30. TTP 40 2,997 0,534     
31. TTP 42 8,893 0,509     
32. TTP 45 4,69 0,510     
33. TTP 48 6,614 0,596     
34. TTP 49 2,977 0,234     
35. TTP 50 10,03 0,515     
36. TTP 52 7,538 0,527     
37. TTP 55 10,98 0,512     
38. TTP 56 5,273 0,504     
39. TTP 57 6,507 0,516     
40. TTP 58 6,351 0,515     
41. Pre-59 5,400 0,528     
42. TTP 60 6,800 0,527     
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HIV-associated TTP samples (n=53) HIV positive samples (n=18) 
 
 
No,: 

Study 
sample 
no,: 

Quantified purities of 
IgG antibodies 

(mg/mL) 

 
260/280 

ratio 

 Study 
sample 
no,: 

Quantified purities 
of IgG antibodies 

(mg/mL) 

 
260/280 

ratio 
43. TTP 61 4,215 0,543     
44. TTP 62 3,977 0,589     
45. TTP 63 2,879 0,531     
46. TTP 64 3,715 0,531     
47. TTP 65 2,638 0,543     
48. TTP 66 3,297 0,584     
49. TTP 67 3,578 0,586     
50. TTP 69 3,763 0,586     
51. TTP 70 3,671 0,544     
52. TTP 71 2,312 0,577     
53. TTP 72 5,682 0,538     

n, number of samples. 
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Peptide ELISA Optimization raw data results 

A. The results of the plate viability assay.  

dilutions  Absorbance results at 450 nm     
   1 2 3 4     

1:10000 A 1,541 1,513 0,111 0,098 Absorbance:490 
   

1:20000 B 1,291 1,2 0,083 0,081 Absorbance:490 
   

1:30000 C 0,972 0,962 0,06 0,065 Absorbance:490 
   

1:40000 D 0,759 0,76 0,053 0,056 Absorbance:490 
   

1:50000 E 0,536 0,549 0,045 0,049 Absorbance:490 
   

Blank F 0,041 0,042 0,041 0,04 Absorbance:490    

Positive control results in blue, negative control results in orange, and the blank results in green.  

B. Optimization raw data results 

i. Checkerboard titration results of peptide antigen and Positive control sample  

 

 Peptide                          Absorbance readings at 450 nm    
Antibody  Dilution 16µg/mL 8µg/mL 4µg/mL 2µg/mL 1µg/mL 0.5µg/mL 0µg/mL  
Dilution   1 2 3 4 5 6 7  
24µg/mL A 1,861 1,699 1,476 1,301 1,225 1,117 0,964 Absorbance:450 

20µg/mL B 1,594 1,368 1,254 1,134 1,18 0,877 0,612 Absorbance:450 

16µg/mL C 1,211 1,191 1,015 0,964 0,724 0,562 0,497 Absorbance:450 

12µg/mL D 1,065 1,028 0,997 0,642 0,515 0,454 0,148 Absorbance:450 

8µg/mL E 0,972 0,741 0,615 0,514 0,42 0,32 0,142 Absorbance:450 

4µg/mL F 0,691 0,687 0,567 0,462 0,396 0,267 0,123 Absorbance:450 

1µg/mL G 0,274 0,271 0,174 0,155 0,159 0,158 0,147 Absorbance:450 

0µg/mL H 0,095 0,095 0,094 0,093 0,092 0,092 0,092 Absorbance:450 

 

Peptide dilution of 4µg/mL showed suitable reading indicating that enough antigen is available for 

binding antibodies maximally. The antibody concentration of 12µg/mL also produced low 

background at D7 and was chosen as the optimal concentration for detection of epitopes. With this 

dilution ratio of 1:4, a good color development from antibody binding was observed, while low 

background was produced.  

 

 

                  Mean OD at 450 nm 
Dilutions Positive Negative 

1:10000 1,4855 0,064 

1:20000 1,204 0,0415 

1:30000 0,9255 0,022 

1:40000 0,718 0,014 

1:50000 0,501 0,0065 

 Blank 0.041 
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ii. Checkerboard titration results of antigen and negative control sample 

 peptide   Absorbance reading at 450 nm   
sample dilution 16µg/mL 8µg/mL 4µg/mL 2µg/mL 1µg/mL 0.5µg/mL 0µg/mL  
dilution   1 2 3 4 5 6 7  

1:50 A 0,578 0,524 0,519 0,527 0,528 0,521 0,514 Absorbance:450 

1:100 B 0,449 0,423 0,429 0,442 0,443 0,461 0,413 Absorbance:450 

1:200 C 0,312 0,323 0,35 0,333 0,354 0,352 0,172 Absorbance:450 

1:400 D 0,247 0,265 0,267 0,282 0,264 0,281 0,127 Absorbance:450 

1:800 E 0,203 0,21 0,231 0,222 0,215 0,228 0,117 Absorbance:450 

1:1600 F 0,157 0,173 0,192 0,163 0,19 0,185 0,106 Absorbance:450 

1:3200 G 0,132 0,148 0,151 0,156 0,147 0,145 0,103 Absorbance:450 

0 H 0,097 0,095 0,094 0,092 0,092 0,09 0,09 Absorbance:450 

 

The slight color observed in A7 and B7 shows background binding, although there was no peptide 

coat, indicating that dilution 1:50 and 1:100 produces non-specific binding of plasma proteins.  

Therefore, a 1:200 dilution was chosen as the optimal dilution for the negative control that produces 

low background. 

 

iii. Checkerboard titration results of HRP-conjugated anti-human IgG detection antibody in 

blocking buffer. 

         
            Absorbance reading at 450 nm   

Conjugate  Negative control        Positive control Blank values  
dilution   1 2 3 4 5 6  
1:500 A 0,617 0,582 1,18 1,254 0,577 0,573 Absorbance:450 

1:1000 B 0,516 0,501 1,028 0,997 0,36 0,352 Absorbance:450 

1:2000 C 0,349 0,338 0,962 0,954 0,127 0,131 Absorbance:450 

1:4000 D 0,238 0,224 0,835 0,842 0,116 0,109 Absorbance:450 

1:8000 E 0,223 0,209 0,613 0,625 0,096 0,095 Absorbance:450 

1:16000 F 0,203 0,2 0,583 0,593 0,096 0,095 Absorbance:450 

1:32000 G 0,167 0,161 0,164 0,179 0,096 0,095 Absorbance:450 

0 H 0,098 0,098 0,096 0,097 0,096 0,095 Absorbance:450 

 

A dilution 1:2000 of the conjugate was chosen as the optimal dilution able to detect bound 

antibodies, while minimizing background interference. A dilution of 1:500 has an absorbance 

reading of >0.5 in raw A5 and A6, which indicates a non-specific binding of the conjugate detection 

antibody with the coated peptides. However, the OD values decrease from raw B, although B5 and 

B6 still indicates high background at a dilution of 1:1000. Background remains constant for the rest 

of the dilutions (from raw E6-and raw H), and may suggest minimum background for the plate. 
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 iv.  Checkerboard titration results of blocking conditions. 

Blocking conditions were maintained at 37oC for 2 hours, with BSA protein diluted to 0.5%, 1% and 

2% percent concentrations in PBS (pH 7.4) containing 0.05% Tween-20. A 1% BSA concentration 

was chosen as the optimal blocking buffer. 

 

 
BSA 
dilution   1 2 3 4 5 6 7 8 9 10 11 12 

 
0,5% A 0,998 0,996 0,201 0,191 0,083 0,079 0,137 0,139 0,057 0,052 0,045 0,049 Absorbance:450 

1% C 0,696 0,675 0,161 0,131 0,065 0,068 0,098 0,092 0,055 0,057 0,046 0,043 Absorbance:450 

2% E 0,342 0,351 0,098 0,098 0,049 0,047 0,065 0,06 0,052 0,051 0,04 0,04 Absorbance:450 

 
The OD values obtained from wells coated with peptides and peptide non-coated wells clearly 

indicates that background noise influences the results. Blocking with BSA protein reduced 

background noise, while still allowing antibodies to bind. However, the concentrated BSA at 2% 

affected the ELISA assay by the time it takes for clear color development to be observed thus 

affecting antibody binding maximally to peptides. Thus, a 1% BSA concentration was chosen for 

making up blocking buffer.  

 

C. Assay precision calculation results 

Negative sample (PNP)  Positive sample 

Plate Results 1 Results 2 Mean OD490 
value 

 Plate Results 1 Results 2 Mean OD490 
value 

1. 0.168 0.171 0.169  1. 0.536 0.525 0.530 

2. 0.138 0.134 0.136  2. 0.548 0.557 0.552 

3. 0.117 0.124 0.121  3. 0.576 0.525 0.550 

4. 0.180 0.179 0.180  4. 0.536 0.523 0.530 

5. 0.091 0.086 0.089  5. 0.459 0.423 0.441 

Means 0.139  Means 0.521 

Standard deviation 0.0081  Standard deviation 0.0301 

% Coefficient of variation 6.09%  % Coefficient of variation 5.77% 

Inter-assay CV (n=5) = average of positive and negative control CV =  ( 6.09 + 5.77)/2 = 5.93% 
 

 

 

 

Peptide coated wells Peptide non-coated wells 
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D. Determining the cut-off value calculated from OD results of negative control 

No.: Negative 
OD value Mean SD 2SD Cut-off value 

1. 0.137  
 
 
 
 
 
 

0.149 

 
 
 
 
 
 
 

0.0285 

 
 
 
 
 

(2*0.0285) 
 

= 0.0571 

 
 
 
 
 

(0.149 + 0.0571)  
 
= 0.206 

2. 0.128 
3. 0.129 
4. 0.195 
5. 0.186 
6. 0.133 
7. 0.14 
8. 0.108 
9. 0.152 

10. 0.199 
11. 0.134 
12. 0.128 
13. 0.182 
14. 0.195 
15. 0.153 
16. 0.132 
17. 0.14 
18. 0.152 
19. 0.15 
20 0.102 
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Supplementary data 12            

Table 4.10: The details of reactive peptides and OD values obtained for each patient IgG antibody sample.  

Refer to Excel spreadsheet. 

 

 

 



Linear peptide sequenc            

Sample number Cys 1 Cys 2 Cys 3
KTQLEFMSQQCA RTDG QPLR FMSQQCA RTDG QPLRSSPGG CA RTDG QPLRSSPGGASFYH

TTP Pre 1 0,079 0,054 0,488
TTP Pre 5 0,066 0,046 0,432
TTP Pre 6 0,135 0,435 0,443
TTP Pre 8 0,547 0,55 0,576
TTP Pre 9 0,329 0,329 0,311
TTP Pre 10 0,084 0,477 0,5
TTP Pre 11 0,109 0,453 0,462
TTP Pre 12 0,035 0,361 0,368
TTP Pre 13 0,106 0,23 0,232
TTP Pre 14 0,055 0,599 0,517
TTP Pre 15 0,072 0,426 0,42
TTP Pre 16 0,053 0,358 0,372
TTP Pre 17 0,078 0,477 0,465
TTP Pre 18 0,097 0,234 0,278
TTP Pre 19 0,036 0,046 0,077
TTP Pre 20 0,156 0,148 0,246
TTP Pre 21 0,112 0,385 0,369
TTP Pre 22 0,07 0,477 0,5
TTP Pre 23 0,046 0,047 0,398
TTP Pre 24 0,081 0,074 0,308
TTP Pre 25 0,057 0,049 0,165
TTP Pre 27 0,066 0,057 0,146
TTP Pre 28 0,095 0,084 0,172
TTP Pre 29 0,045 0,034 0,106
TTP Pre 31 0,123 0,306 0,399
TTP Pre 33 0,078 0,367 0,31
TTP Pre 34 0,085 0,061 0,411
TTP Pre 38 0,082 0,067 0,097
TTP Pre 39 0,09 0,096 0,101
TTP Pre 40 0,107 0,093 0,392
TTP Pre 42 0,103 0,095 0,391
TTP Pre 45 0,094 0,084 0,388
TTP Pre 48 0,087 0,089 0,107
TTP Pre 49 0,116 0,121 0,302
TTP Pre 50 0,133 0,115 0,297
TTP Pre 52 0,066 0,045 0,062
TTP Pre 55 0,041 0,021 0,334
TTP Pre 56 0,078 0,547 0,55
TTP Pre 57 0,086 0,473 0,477
TTP Pre 58 0,112 0,519 0,525
TTP Pre 59 0,123 0,123 0,237
TTP Pre 60 0,127 0,106 0,338

Supplementary data 12 
Table 4.10: The details of reactive peptides and OD values obtained fo       



TTP Pre 61 0,038 0,031 0,504
TTP Pre 62 0,081 0,079 0,511
TTP Pre 63 0,091 0,076 0,393
TTP Pre 64 0,059 0,043 0,466
TTP Pre 65 0,115 0,093 0,235
TTP Pre 66 0,127 0,294 0,327
TTP Pre 67 0,152 0,253 0,364
TTP Pre 69 0,127 0,547 0,55
TTP Pre 70 0,099 0,094 0,117
TTP Pre 71 0,113 0,295 0,326
TTP Pre 72 0,088 0,082 0,1
HIV - samples
32/ 0,238 0,24 0,287
33/ 0,028 0,024 0,047
122/ 0,277 0,266 0,262
130/ 0,006 0,002 0,026
137/ 0,275 0,266 0,296
156/ 0,028 0,022 0,039
161/ 0,049 0,042 0,071
163/ 0,076 0,085 0,094
164/ 0,058 0,075 0,097
165/ 0,062 0,086 0,084
94/ 0,069 0,067 0,085
98/ 0,05 0,051 0,094
106/ 0,267 0,265 0,297
108/ 0,069 0,052 0,095
43/ 0,049 0,035 0,055
46/ 0,107 0,097 0,123
60/ 0,07 0,07 0,083
68/ 0,088 0,073 0,318



  ces: 20 amino acid long.  15aa overlapping and  5aa offset.

Cys 4 Cys 5 Cys 6 Cys 7
G QPLRSSPGGASFYHW GAA V SSPGGASFYHW GAA VPH SQ G ASFYHW GAA VPH SQ GDALC R W GAA VPH SQ GDALC RHMCRA

0,555 0,532 0,544 0,063
0,428 0,439 0,445 0,052
0,443 0,437 0,102 0,388
0,607 0,063 0,047 0,045
0,325 0,017 0,182 0,263
0,498 0,506 0,038 0,04
0,474 0,474 0,067 0,066
0,38 0,378 0,036 0,041

0,284 0,248 0,1 0,309
0,581 0,504 0,053 0,051
0,489 0,511 0,065 0,065
0,466 0,393 0,053 0,049
0,467 0,494 0,077 0,084

0,3 0,225 0,108 0,219
0,097 0,071 0,054 0,063
0,269 0,28 0,262 0,372
0,365 0,38 0,09 0,383
0,498 0,506 0,15 0,579
0,395 0,382 0,344 0,353
0,357 0,353 399 0,085
0,11 0,087 0,068 0,081

0,101 0,079 0,059 0,069
0,122 0,103 0,079 0,098
0,082 0,094 0,099 0,097
0,457 0,422 0,114 0,416
0,348 0,322 0,08 0,087
0,498 0,411 0,214 0,095
0,099 0,082 0,065 0,066
0,115 0,092 0,088 0,077
0,412 0,386 0,104 0,102
0,403 0,381 0,098 0,092
0,405 0,384 0,089 0,088
0,125 0,102 0,083 0,082
0,314 0,332 0,306 0,345
0,327 0,301 0,117 0,107
0,068 0,06 0,048 0,049
0,339 0,317 0,21 0,307
0,576 0,607 0,081 0,086
0,481 0,524 0,083 0,08
0,557 0,521 0,101 0,098
0,237 0,229 0,099 0,087
0,35 0,372 0,128 0,103

           or each patient IgG antibody sample. 



0,514 0,488 0,555 0,047
0,446 0,506 0,481 0,074
0,411 0,362 0,465 0,076
0,538 0,458 0,391 0,24
0,227 0,254 0,085 0,102
0,347 0,324 0,198 0,583
0,37 0,366 0,139 0,457

0,576 0,607 0,121 0,306
0,122 0,106 0,095 0,095
0,33 0,329 0,113 0,324

0,115 0,096 0,099 0,092

0,294 0,278 0,072 0,329
0,053 0,044 0,069 0,029
0,29 0,309 0,089 0,279

0,035 0,023 0,035 0,005
0,301 0,287 0,08 0,273
0,046 0,039 0,066 0,016
0,061 0,043 0,079 0,024
0,091 0,078 0,07 0,071
0,09 0,072 0,061 0,051

0,076 0,07 0,06 0,054
0,088 0,076 0,061 0,06
0,08 0,06 0,042 0,04

0,255 0,273 0,059 0,306
0,098 0,073 0,052 0,061
0,062 0,035 0,029 0,03
0,132 0,103 0,082 0,092
0,088 0,073 0,067 0,081
0,317 0,308 0,321 0,321



 
Cys 8 Cys 9 Cys 10 Cys 11

PH SQ GDALC RHMCRAI GESF DALC RHMCRAIGESFIMKRG HMCRAIGESFIMKRGDSFLD IGESFIMKRGDSFLDGTRCM

0,049 0,076 0,066 0,099
0,044 0,052 0,045 0,046
0,393 0,333 0,342 0,055
0,05 0,075 0,073 0,05

0,276 0,265 0,281 0,051
0,048 0,057 0,064 0,075
0,072 0,087 0,099 0,039
0,046 0,048 0,049 0,092
0,306 0,343 0,342 0,06
0,062 0,052 0,048 0,074
0,071 0,071 0,059 0,081
0,066 0,147 0,087 0
0,091 0,08 0,072 0,066
0,299 0,276 0,284 0,016
0,06 0,188 0,132 0,01

0,351 0,327 0,338 0,069
0,335 0,272 0,231 0,068
0,571 0,574 0,615 0,092
0,365 0,371 0,365 0,082
0,092 0,165 0,095 0,031
0,109 0,122 0,085 0,05
0,109 0,121 0,069 0,044
0,117 0,135 0,086 0,17
0,102 0,105 0,048 0,074
0,435 0,458 0,412 0,087
0,078 0,089 0,083 0,02
0,086 0,152 0,109 0,087
0,077 0,076 0,08 0,052
0,081 0,086 0,077 0,013
0,102 0,115 0,104 0,067
0,099 0,107 0,108 0,104
0,09 0,103 0,089 0,113

0,085 0,091 0,081 0,199
0,392 0,387 0,328 0,006
0,105 0,109 0,103 0,042
0,045 0,057 0,06 0,033
0,314 0,322 0,321 0,009
0,077 0,08 0,131 0,056
0,074 0,092 0,081 0,083
0,091 0,098 0,143 0,053
0,085 0,105 0,092 0,009
0,126 0,15 0,116 0,01



0,055 0,123 0,091 0,064
0,082 0,147 0,126 0,023
0,075 0,088 0,166 0
0,239 0,248 0,249 0,03
0,081 0,097 0,087 0,025
0,584 0,592 0,585 0,078
0,411 0,486 0,464 0,002
0,302 0,321 0,328 0,065
0,098 0,111 0,097 0,076
0,326 0,393 0,342 0,054
0,107 0,106 0,09 0,03

0,312 0,32 0,33 0,055
0,033 0,048 0,075 0,028
0,287 0,292 0,31 0,071
0,006 0,022 0,031 0,018
0,283 0,285 0,29 0,09
0,017 0,025 0,042 0,024
0,03 0,039 0,046 0,075

0,084 0,107 0,097 0,128
0,066 0,083 0,069 0,056
0,067 0,09 0,063 0,085
0,072 0,089 0,07 0,021
0,071 0,086 0,049 0,077
0,333 0,395 0,266 0,10
0,036 0,057 0,059 0,08
0,032 0,04 0,037 0,10
0,097 0,109 0,111 0,07
0,093 0,135 0,096 0,013
0,354 0,375 0,332 0,173



Cys 12 Cys 13 Cys 14 Cys 15
IMKRGDSFLDGTRCMPSGPR DSFLDGTRCMPSGPREDGTL GTRCMPSGPREDGTLSLCVS PSGPREDGTLSLCVSGSCRT

0,098 0,077 0,04 0,04
0,048 0,048 0,05 0,09
0,072 0,063 0,062 0,073
0,053 0,047 0,053 0,062
0,053 0,511 0,531 0,544
0,07 0,064 0,088 0,081

0,044 0,037 0,062 0,076
0,062 0,093 0,092 0,082
0,059 0,059 0,049 0,076
0,074 0,067 0,067 0,071
0,086 0,054 0,101 0,093
0,025 0,008 0,002 0,026
0,055 0,029 0,004 0,043
0,013 0,084 0,087 0,1
0,047 0,083 0,021 0,066
0,135 0,515 0,537 0,609
0,04 0,036 0,069 0,079

0,045 0,039 0,043 0,094
0,093 0,05 0,081 0,071
0,036 0,072 0,076 0,082
0,04 0,002 0,01 0,017

0,035 0,077 0,022 0,005
0,145 0,065 0,058 0,072
0,049 0,089 0,089 0,01
0,08 0,511 0,531 0,544
0,08 0,004 0,01 0,009

0,097 0,033 0,042 0,027
0,079 0,018 0,013 0,013
0,095 0,054 0,046 0,047
0,076 0,095 0,118 0,066
0,089 0,043 0,028 0,057
0,115 0,051 0,052 0,048
0,199 0,042 0,04 0,011
0,032 0,149 0,143 0,162
0,07 0,023 0,016 0,025

0,032 0,02 0,032 0,038
0,049 0,043 0,056 0,017
0,063 0,005 0,003 0,023
0,082 0,374 0,38 0,398
0,05 0,07 0,023 0,032

0,031 0,02 0,06 0,03
0,013 0,04 0,043 0,042



0,009 0,002 0,002 0,027
0,003 0,021 0,005 0,085
0,026 0,041 0,046 0,015
0,01 0,079 0,072 0,068

0,024 0,051 0,026 0,029
0,068 0,548 0,539 0,529
0,024 0,006 0,009 0,006
0,098 0,569 0,535 0,538
0,062 0,518 0,488 0,503
0,022 0,021 0,025 0,057
0,004 0,006 0,048 0,032

0,034 0,036 0,05 0,065
0,024 0,02 0,021 0,031
0,062 0,072 0,07 0,078
0,014 0,012 0,019 0,019
0,085 0,079 0,087 0,086
0,026 0,02 0,023 0,025
0,077 0,062 0,07 0,078
0,072 0,065 0,069 0,071
0,055 0,044 0,048 0,045
0,085 0,074 0,07 0,064
0,015 0,013 0,008 0,007
0,084 0,066 0,063 0,064
0,09 0,10 0,10 0,10
0,09 0,08 0,09 0,08
0,09 0,08 0,09 0,08
0,06 0,06 0,07 0,05

0,009 0,005 0,008 0,011
0,169 0,163 0,17 0,158



Cys 16 Cys 17 Cys 18 Cys 19
EDGTLSLCVSGSCRTFGCDG SLCVSGSCRTFGCDGRMDSQ GSCRTFGCDGRMDSQQVWDR FGCDGRMDSQQVWDRCQVCG

0,041 0,081 0,061 0,063
0,089 0,096 0,048 0,05
0,068 0,042 0,056 0,059
0,051 0,037 0,041 0,052
0,541 0,059 0,053 0,053
0,071 0,051 0,074 0,057
0,05 0,032 0,046 0,026

0,093 0,084 0,095 0,095
0,072 0,058 0,074 0,057
0,062 0,06 0,063 0,076
0,047 0,052 0,075 0,057
0,01 0,005 0,438 0,423

0,008 0,493 0,549 0,546
0,063 0,452 0,484 0,487
0,008 0,445 0,356 0,369
0,539 0,539 0,531 0,515
0,042 0,085 0,069 0,065
0,022 0,371 0,363 0,366
0,089 0,547 0,55 0,576
0,074 0,473 0,477 0,481
0,005 0,448 0,45 0,475
0,001 0,488 0,481 0,496
0,065 0,579 0,571 0,574
0,074 0,061 0,064 0,074
0,541 0,548 0,536 0,55
0,02 0,273 0,282 0,286

0,037 0,301 0,325 0,333
0,003 0,264 0,276 0,28
0,052 0,353 0,336 0,349
0,092 0,374 0,378 0,383
0,012 0,307 0,32 0,349
0,03 0,35 0,363 0,357

0,028 0,262 0,267 0,282
0,172 0,463 0,465 0,467
0,027 0,314 0,342 0,332
0,036 0,314 0,308 0,316
0,086 0,444 0,454 0,446
0,014 0,28 0,288 0,298
0,393 0,367 0,364 0,398
0,032 0,303 0,302 0,308
0,04 0,486 0,485 0,484

0,045 0,432 0,428 0,439



0,008 0,374 0,366 0,393
0,018 0,423 0,428 0,414
0,045 0,456 0,451 0,451
0,096 0,41 0,424 0,427
0,036 0,353 0,365 0,367
0,557 0,454 0,487 0,464
0,008 0,387 0,42 0,419
0,547 0,477 0,5 0,498
0,543 0,453 0,462 0,474
0,051 0,361 0,368 0,38
0,064 0,069 0,071 0,06

0,062 0,062 0,063 0,056
0,024 0,024 0,03 0,025
0,073 0,072 0,082 0,078
0,015 0,018 0,034 0,012
0,083 0,088 0,103 0,091
0,025 0,027 0,033 0,028
0,063 0,069 0,078 0,063
0,069 0,065 0,08 0,094
0,042 0,043 0,054 0,064
0,067 0,076 0,081 0,098
0,003 0,005 0,01 0,025
0,053 0,058 0,073 0,078
0,10 0,10 0,10 0,11
0,08 0,08 0,08 0,09
0,09 0,08 0,09 0,10
0,06 0,05 0,05 0,06

0,008 0,015 0,019 0,027
0,16 0,165 0,148 0,205



Cys/Spa 20 Cys/Spa 21 Cys/Spa 22 Cys/Spa 23
RMDSQQVWDRCQVCGGDNST QVWDRCQVCGGDNSTCSPRK CQVCG DNSTCSPRKGSFTA GDNSTCSPRKGSFTAGRARE

0,052 0,015 0,039 0,062
0,057 0,133 0,116 0,09
0,058 0,09 0,082 0,091
0,066 0,159 0,142 0,159
0,06 0,118 0,121 0,131
0,15 0,121 0,116 0,124

0,072 0,109 0,101 0,098
0,062 0,055 0,069 0,046
0,066 0,046 0,096 0,078
0,072 0,057 0,061 0,042
0,062 0,082 0,145 0,079
0,49 0,057 0,095 0,058

0,655 0,103 0,16 0,128
0,562 0,119 0,133 0,11
0,358 0,091 0,069 0,078
0,526 0,149 0,152 0,114
0,038 0,089 0,099 0,08
0,367 0,088 0,115 0,095
0,607 0,07 0,09 0,117
0,524 0,025 0,049 0,062
0,483 0,041 0,066 0,05
0,532 0,061 0,064 0,1
0,615 0,057 0,069 0,131
0,103 0,06 0,04 0,048

0,6 0,072 0,076 0,09
0,285 0,045 0,051 0,069
0,321 0,055 0,076 0,07
0,301 0,051 0,041 0,042
0,373 0,084 0,049 0,052
0,395 0,081 0,081 0,075
0,344 0,002 0,048 0,032
0,346 0,041 0,048 0,061
0,27 0,032 0,008 0,021

0,444 0,029 0,009 0,017
0,322 0,096 0,046 0,042
0,315 0,073 0,058 0,072
0,447 0,066 0,081 0,055
0,285 0,036 0,031 0,024
0,372 0,095 0,033 0,034
0,321 0,074 0,25 0,22

0,5 0,013 0,017 0,017
0,445 0,062 0,082 0,323



0,37 0,125 0,13 0,137
0,418 0,156 0,152 0,152
0,435 0,153 0,149 0,153
0,429 0,047 0,03 0,057
0,37 0,131 0,142 0,145

0,469 0,028 0,024 0,036
0,411 0,051 0,068 0,071
0,506 0,044 0,082 0,079
0,474 0,092 0,088 0,103
0,378 0,044 0,063 0,071
0,088 0,015 0,016 0

0,046 0,062 0,058 0,062
0,02 0,058 0,053 0,058

0,069 0,05 0,049 0,054
0,016 0,055 0,036 0,025
0,096 0,072 0,06 0,065
0,031 0,063 0,057 0,057
0,072 0,122 0,089 0,093
0,093 0,076 0,051 0,077
0,06 0,078 0,069 0,08

0,103 0,09 0,081 0,077
0,02 0,079 0,075 0,069

0,073 0,079 0,066 0,061
0,10 0,086 0,082 0,075
0,08 0,083 0,078 0,06
0,10 0,074 0,09 0,068
0,06 0,102 0,118 0,079

0,011 0,049 0,042 0,045
0,185 0,122 0,121 0,128



Spa 24 Spa 25 Spa 26 Spa 27
CSPRKGSFTAGRAREYVTFL GSFTAGRAREYVTFLTVTPN GRAREYVTFLTVTPNLTSVY YVTFLTVTPNLTSVYIANHR

0,06 0,056 0,019 0,075
0,056 0,091 0,046 0,033
0,07 0,091 0,056 0,024

0,089 0,077 0,099 0,081
0,581 0,504 0,514 0,488
0,094 0,073 0,103 0,07
0,096 0,051 0,064 0,032
0,105 0,058 0,092 0,074
0,08 0,032 0,063 0,047
0,08 0,048 0,058 0,05

0,114 0,072 0,075 0,088
0,069 0,021 0,032 0,025
0,115 0,082 0,104 0,084
0,093 0,055 0,068 0,086
0,068 0,055 0,039 0,03
0,138 0,103 0,12 0,099
0,064 0,098 0,04 0,04
0,15 0,108 0,122 0,103

0,121 0,121 0,152 0,107
0,107 0,096 0,113 0,103
0,021 0,047 0,08 0,06
0,104 0,088 0,131 0,071
0,094 0,088 0,141 0,083
0,009 0,056 0,02 0,036
0,127 0,096 0,125 0,092
0,076 0,068 0,068 0,034
0,07 0,094 0,118 0,158

0,162 0,119 0,166 0,175
0,039 0,022 0,05 0,064
0,085 0,094 0,069 0,097
0,077 0,169 0,013 0,117
0,064 0,05 0,009 0,08
0,053 0,069 -0,014 0,059
0,216 0,139 0,149 0,123
0,124 0,146 0,081 0,141
0,101 0,028 0,046 -0,003
0,135 0,101 0,173 0,093
0,104 0,091 0,091 0,025
0,017 0,022 0,066 0,043
0,049 0,065 0,093 0,049
0,079 0,088 0,096 0,101
0,098 0,124 0,113 0,133



0,078 0,03 0,075 0,057
0,115 0,076 0,09 0,088
0,136 0,094 0,109 0,098
0,018 0,064 0,075 0,07
0,042 0,09 0,123 0,102
0,058 0,057 0,063 0,067
0,037 0,012 0,014 0,021
0,035 0,016 0,039 0,032
0,054 0,048 0,036 0,057
0,051 0,005 0,016 0,012
0,057 0,012 0,032 0,022

0,067 0,058 0,052 0,062
0,056 0,055 0,054 0,061
0,066 0,042 0,05 0,049
0,032 0,021 0,03 0,028
0,056 0,043 0,048 0,052
0,062 0,055 0,07 0,05
0,097 0,087 0,05 0,083
0,129 0,069 0,072 0,08
0,087 0,067 0,075 0,07
0,08 0,066 0,08 0,076

0,074 0,056 0,055 0,066
0,072 0,055 0,064 0,064
0,089 0,069 0,067 0,069
0,082 0,055 0,068 0,062
0,084 0,081 0,095 0,102
0,07 0,076 0,093 0,09

0,054 0,045 0,034 0,066
0,136 0,123 0,13 0,128



Spa 28 Spa 29 Spa 30 Spa 31
TVTPNLTSVYIANHRPLFTH LTSVYIANHRPLFTHLAVRI IANHRPLFTHLAVRIGGRYV  PLFTHLAVRIGGRYVVAGKM

0,066 0,082 0,099 0,175
0,023 0,078 0,031 0,248
0,005 0,089 0,012 0,175
0,055 0,063 0,014 0,272
0,555 0,165 0,091 0,287
0,057 0,058 0,064 0,207
0,025 0,064 0,019 0,383
0,054 0,058 0,001 0,444
0,011 0,043 0 0,191
0,036 0,063 0,062 0,103
0,043 0,064 -0,035 0,159
0,001 0,019 0,061 0,132
0,071 0,104 0,024 0,142
0,05 0,067 -0,013 0,228

0,033 0,061 0,006 0,098
0,082 0,115 0,015 0,278
0,04 0,022 0,016 0,098

0,088 0,1 0,017 0,078
0,106 0,175 0,068 0,519
0,096 0,134 0,046 0,472
0,076 0,045 0,066 0,402
0,098 0,094 0,025 0,575
0,107 0,142 0,045 0,598
0,02 0,049 0,041 0,316
0,13 0,107 0,049 0,535

0,044 0,021 0,04 0,413
0,13 0,099 0,065 0,462

0,138 0,14 0,17 0,495
0,05 0,057 0,045 0,519

0,076 0,101 0,098 0,472
0,057 0,01 0,068 0,402
0,062 0,014 0,045 0,508
0,007 0,038 0,038 0,598
0,19 0,167 0,044 0,569

0,116 0,11 0,049 0,535
0,1 0,056 0,054 0,444

0,026 0,153 0,123 0,467
0,057 0,071 0,16 0,493
0,029 0,026 0,041 0,459
0,023 0,091 0,058 0,376
0,101 0,11 0,118 0,488
0,048 0,063 0,132 0,575



0,047 0,054 0,097 0,498
0,071 0,083 0,121 0,408
0,105 0,1 0,151 0,403
0,049 0,072 0,087 0,403
0,076 0,101 0,04 0,388
0,021 0,033 0,099 0,464
0,012 0,021 0,049 0,484
0,021 0,019 0,044 0,519
0,036 0,049 0,083 0,562
0,005 0,065 0,041 0,441
0,024 0,012 0,059 0,362

0,055 0,057 0,072 0,097
0,055 0,061 0,082 0,07
0,018 0,051 0,049 0,109
0,014 0,024 0,029 0,104
0,033 0,05 0,051 0,096
0,029 0,036 0,055 0,095
0,063 0,062 0,075 0,015
0,071 0,079 0,081 0,115
0,073 0,068 0,062 0,123
0,082 0,092 0,087 0,224
0,076 0,06 0,067 0,079
0,063 0,061 0,07 0,09
0,086 0,054 0,085 0,047
0,063 0,055 0,085 0,093
0,065 0,095 0,081 0,058
0,099 0,051 0,079 0,051
0,065 0,046 0,023 0,062
0,12 0,113 0,13 0,059



Spa 32 Spa 33 Spa 34 Spa 35
LAVRIGGRYVVAGKMSISPN GGRYVVAGKMSISPNTTYPS VAGKMSISPNTTYPSLLEDG SISPNTTYPSLLEDGRVEYR

0,198 0,213 0,2 0,195
0,274 0,287 0,272 0,062
0,19 0,196 0,185 0,171

0,285 0,29 0,283 0,27
0,287 0,296 0,294 0,271
0,21 0,227 0,216 0,191

0,377 0,384 0,377 0,133
0,413 0,43 0,405 0,042
0,115 0,11 0,098 0,092
0,202 0,186 0,193 0,176
0,191 0,17 0,18 0,168
0,103 0,09 0,085 0,084
0,159 0,154 0,141 0,149
0,132 0,113 0,119 0,174
0,142 0,113 0,112 0,112
0,228 0,256 0,297 0,123
0,06 0,076 0,076 0,077

0,069 0,055 0,063 0,061
0,516 0,496 0,486 0,093
0,472 0,462 0,484 0,159

0,4 0,503 0,381 0,076
0,56 0,593 0,576 0,069

0,572 0,586 0,573 0,075
0,302 0,311 0,304 0,89
0,515 0,486 0,458 0,182
0,396 0,385 0,406 0,083
0,444 0,423 0,467 0,044
0,473 0,451 0,476 0,067
0,516 0,496 0,486 0,083
0,472 0,462 0,484 0,049

0,4 0,376 0,381 0,126
0,492 0,474 0,493 0,078
0,572 0,586 0,573 0,165
0,563 0,496 0,486 0,088
0,515 0,486 0,458 0,072
0,413 0,43 0,405 0,032
0,464 0,46 0,425 0,033
0,498 0,491 0,49 0,081
0,47 0,462 0,454 0,064

0,386 0,356 0,38 0,049
0,484 0,496 0,486 0,088
0,56 0,593 0,576 0,159



0,503 0,296 0,27 0,06
0,386 0,38 0,396 0,058
0,364 0,35 0,34 0,022
0,386 0,377 0,398 0,041
0,372 0,347 0,342 0,024
0,462 0,467 0,464 0,049
0,468 0,493 0,491 0,077
0,491 0,502 0,492 0,065
0,537 0,569 0,543 0,118
0,416 0,438 0,459 0,027
0,34 0,34 0,372 0,04

0,068 0,065 0,068 0,095
0,075 0,061 0,065 0,065
0,052 0,058 0,089 0,057
0,049 0,054 0,095 0,086
0,049 0,098 0,105 0,054
0,088 0,095 0,084 0,082
0,054 0,056 0,063 0,087
0,134 0,131 0,118 0,078
0,136 0,139 0,139 0,096
0,216 0,228 0,231 0,078
0,094 0,099 0,083 0,068
0,085 0,082 0,081 0,064
0,061 0,053 0,087 0,063
0,097 0,08 0,081 0,088
0,056 0,057 0,069 0,052
0,062 0,051 0,046 0,044
0,047 0,045 0,062 0,059
0,06 0,051 0,049 0,05



Spa 36 Spa 37 Spa 38 Spa 39
TTYPSLLEDGRVEYRVALTE LLEDGRVEYRVALTEDRLPR RVEYRVALTEDRLPRLEEIR VALTEDRLPRLEEIRIWGPL

0,14 0,16 0,149 0,159
0,09 0,035 0,028 0,037

0,145 0,143 0,143 0,146
0,255 0,245 0,224 0,262
0,248 0,247 0,235 0,257
0,171 0,173 0,184 0,174
0,124 0,14 0,138 0,133
0,177 0,186 0,175 0,183
0,08 0,086 0,09 0,094

0,179 0,177 0,186 0,175
0,164 0,158 0,161 0,142
0,071 0,07 0,072 0,071
0,135 0,117 0,119 0,17
0,133 0,09 0,115 0,086
0,11 0,104 0,087 0,085
0,16 0,184 0,186 0,078

0,073 0,083 0,099 0,028
0,06 0,056 0,047 0,094

0,098 0,091 0,09 0,091
0,147 0,162 0,154 0,074
0,086 0,086 0,08 0,09
0,063 0,096 0,086 0,098
0,06 0,093 0,076 0,069

0,083 0,096 0,087 0,081
0,181 0,183 0,181 0,007
0,077 0,084 0,077 0,091
0,043 0,43 0,405 0,442
0,064 0,46 0,425 0,443
0,088 0,491 0,49 0,491
0,22 0,462 0,454 0,474

0,136 0,356 0,38 0,349
0,074 0,496 0,486 0,498
0,15 0,593 0,576 0,569

0,093 0,296 0,27 0,311
0,071 0,483 0,481 0,507
0,01 0,291 0,286 0,276

0,046 0,362 0,353 0,343
0,067 0,278 0,276 0,284
0,057 0,303 0,315 0,314
0,085 0,268 0,265 0,278
0,093 0,338 0,313 0,335
0,153 0,274 0,29 0,294



0,053 0,35 0,361 0,387
0,072 0,385 0,389 0,395
0,013 0,334 0,346 0,37
0,061 0,399 0,382 0,407
0,007 0,355 0,378 0,376
0,043 0,459 0,467 0,467
0,086 0,477 0,453 0,475
0,064 0,454 0,476 0,453
0,119 0,499 0,518 0,544
0,045 0,425 0,433 0,45
0,036 0,329 0,318 0,335

0,041 0,12 0,123 0,111
0,057 0,118 0,101 0,096
0,086 0,136 0,144 0,128
0,078 0,097 0,103 0,108
0,078 0,105 0,105 0,103
0,073 0,077 0,103 0,067
0,094 0,105 0,087 0,124
0,051 0,245 0,244 0,241
0,054 0,232 0,261 0,253
0,081 0,244 0,269 0,222
0,077 0,152 0,16 0,151
0,073 0,244 0,266 0,248
0,077 0,078 0,108 0,093
0,099 0,101 0,099 0,098
0,047 0,051 0,052 0,054
0,042 0,047 0,049 0,052
0,044 0,072 0,088 0,07
0,048 0,044 0,039 0,051



Spa 40 Spa 41 Spa 42 Spa 43
DRLPRLEEIRIWGPLQEDAD LEEIRIWGPLQEDADIQVYR IWGPLQEDADIQVY RRY G EE QEDADIQVY RRY G EEY G NLT

0,135 0,047 0,504 0,514
0,022 0,096 0,511 0,446
0,138 0,036 0,544 0,411
0,192 0,039 0,449 0,538
0,117 0,052 0,454 0,382
0,248 0,039 0,523 0,306
0,142 0,309 0,459 0,453
0,182 0,337 0,487 0,496
0,096 0,09 0,475 0,474
0,183 0,182 0,528 0,529
0,161 0,15 0,437 0,455
0,079 0,058 0,634 0,636
0,154 0,12 0,467 0,464
0,103 0,092 0,493 0,498
0,092 0,074 0,459 0,47
0,203 0,173 0,376 0,386
0,061 0,061 0,488 0,484
0,085 0,085 0,575 0,56
0,077 0,098 0,498 0,503
0,167 0,13 0,333 0,323
0,05 0,07 0,546 0,547

0,093 0,174 0,596 0,597
0,063 0,068 0,329 0,342
0,084 0,081 0,595 0,585
0,15 0,117 0,317 0,313

0,089 0,096 0,346 0,346
0,42 0,109 0,359 0,353

0,456 0,116 0,366 0,353
0,477 0,134 0,384 0,359
0,467 0,131 0,381 0,37
0,385 0,106 0,356 0,358
0,503 0,112 0,362 0,351
0,563 0,085 0,368 0,363
0,304 0,07 0,389 0,388

0,5 0,097 0,681 0,705
0,284 0,044 0,351 0,343
0,344 0,092 0,353 0,358
0,262 0,069 0,346 0,348

0,3 0,087 0,361 0,363
0,252 0,098 0,351 0,356
0,332 0,09 0,38 0,37
0,278 0,12 0,368 0,366



0,367 0,11 0,39 0,39
0,392 0,12 0,4 0,364
0,365 0,096 0,376 0,382
0,414 0,145 0,425 0,438
0,356 0,124 0,404 0,408
0,451 0,14 0,42 0,424
0,448 0,112 0,392 0,408
0,482 0,091 0,371 0,409
0,538 0,102 0,382 0,39
0,45 0,034 0,314 0,339

0,327 0,125 0,559 0,563

0,109 0,192 0,073 0,095
0,098 0,07 0,064 0,074
0,125 0,081 0,074 0,084

0,1 0,057 0,048 0,046
0,099 0,092 0,093 0,092
0,066 0,095 0,105 0,096
0,085 0,081 0,099 0,11
0,239 0,043 0,07 0,068
0,251 0,053 0,067 0,041
0,223 0,075 0,087 0,088
0,159 0,072 0,126 0,139
0,248 0,079 0,092 0,105
0,107 0,094 0,094 0,103
0,104 0,051 0,053 0,049
0,058 0,06 0,061 0,053
0,052 0,118 0,217 0,219
0,088 0,047 0,273 0,295
0,046 0,081 0,099 0,11



Spa 44 Spa 45 Spa/TSP1-2 46
IQVY RRY G EEY G NLT RPDIT RY G EEY G NLT RPDITFTYFQ Y G NLT RPDITFTYFQPKPRQ

0,488 0,555 0,532
0,506 0,481 0,475
0,362 0,465 0,421
0,458 0,391 0,518
0,385 0,404 0,375
0,315 0,301 0,28
0,498 0,503 0,253
0,482 0,481 0,227
0,442 0,42 0,291
0,443 0,456 0,255
0,491 0,477 0,283
0,64 0,647 0,634

0,563 0,568 0,249
0,516 0,512 0,201
0,517 0,513 0,219
0,345 0,345 0,369
0,33 0,315 0,598

0,542 0,527 0,531
0,544 0,359 0,333
0,326 0,331 0,312
0,531 0,529 0,533
0,599 0,593 0,598
0,331 0,335 0,332
0,578 0,592 0,585
0,318 0,309 0,303
0,353 0,332 0,346
0,371 0,352 0,345
0,353 0,356 0,348
0,364 0,359 0,362
0,381 0,374 0,379
0,346 0,37 0,353
0,34 0,335 0,34

0,356 0,398 0,371
0,393 0,406 0,409
0,685 0,659 0,634
0,338 0,352 0,355
0,344 0,388 0,367
0,34 0,347 0,39
0,36 0,368 0,375

0,354 0,348 0,361
0,385 0,373 0,393
0,356 0,351 0,375



0,365 0,357 0,359
0,365 0,347 0,353
0,362 0,346 0,353
0,444 0,428 0,44
0,393 0,388 0,406
0,44 0,411 0,455

0,413 0,383 0,4
0,391 0,367 0,394
0,388 0,379 0,38
0,319 0,313 0,293
0,524 0,526 0,534

0,021 0,018 0,026
0,092 0,098 0,105
0,087 0,104 0,107
0,079 0,078 0,073

0,1 0,07 0,072
0,101 0,079 0,057
0,136 0,113 0,117
0,056 0,075 0,075
0,065 0,076 0,073
0,114 0,119 0,118
0,153 0,148 0,153
0,137 0,155 0,151
0,105 0,096 0,082
0,05 0,052 0,049

0,057 0,056 0,062
0,216 0,225 0,226
0,221 0,218 0,206
0,136 0,113 0,117
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Supplementary data 13           

Predicting potential epitope regions from reactive linear overlapping peptide sequences of the 

Metalloprotease and Disintegrin-like domains using mapping studies.  

Linear overlapping amino acid sequences with potential epitopes are highlighted yellow in mapping 

studies. Peptide names are derived from relevant domain name and the relevant amino acid 

position relative to the coding region of full-length ADAMTS13 protein. 

 

Mapping 1: 

IgG autoantibodies isolated from individual plasma samples of HIV-associated TTP and HIV positive 

groups all showed reactivity to peptide MP1 only and not to adjacent overlapping linear peptides.  

 
Peptide sequence       amino acid position   
AAGGILHLELLVAVGPDVFQ       75-94 
            LHLELLVAVGPDVFQAHQED       80-99 
                       LVAVGPDVFQAHQEDTERYV      85-104 
                                   PDVFQAHQEDTERYVLTNLN     90-109 
                                                AHQEDTERYVLTNLNIGAEL    95-114 
 

A potential epitope with amino acid residue sequence “AAGGI” from the N-terminal side of the 

Metalloprotease domain is suggestive. The amino acid sequence “AAGGI” is found at the proximal 

part of the ADAMTS13 Metalloprotease domain at position 75 – 80.  

 

Mapping 2: 

IgG autoantibodies reacted to linear peptide MP9 and MP10.  

Peptide sequence        amino acid position   
           LGAQFRVHLVKMVILTEPEG      115-134 
                       RVHLVKMVILTEPEGAPNIT     120-139 
                                    
A potential epitopic region lies in the amino acid sequence “RVHLVKMVILTEPEG” at position 125-

139 on the full ADAMTS13 nucleotide sequence in the region coding the Metalloprotease domain. 

No binding of IgG’s was observed from adjacent peptides, suggesting that an IgG antibody may 

possibly recognize and bind to this fragment. 

IgG antibodies isolated from individual plasma samples of both groups shared linearity to this 

epitope. 
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Mapping 3:  

Two HIV positive samples showed IgG antibody binding to linear overlapping peptides MP1-MP10. 

If we consider the possibility that IgG’s from this samples also bound to the peptide MP1 amino acid 

sequence “AAGGI”, similar to antibodies in mapping one and “RVHLVKMVILTEPEG” in mapping 2, 

sharing linearity with the rest of the samples. Then linear overlapping peptides MP2 – MP8 may 

contain another potential epitope region. 

Peptide sequence (MP2-MP8)     amino acid position   
LHLELLVAVGPDVFQAHQED       88 - 99 
           LVAVGPDVFQAHQEDTERYV      85 - 104 
                       PDVFQAHQEDTERYVLTNLN     90 - 109 
                                    AHQEDTERYVLTNLNIGAEL    95 - 114 

                                    TERYVLTNLNIGAELLRDPS   100 – 119 
                       LTNLNIGAELLRDPSLGAQF  105 - 124 
                                 IGAELLRDPSLGAQFRVHLV  110 - 129 
 

Amino acid sequence “LVAVGPDVFQAHQEDTERYVLTNLNIGAELLRDPSLGAQF” from position 80 – 124 

contains potential epitopic region for binding IgG antibodies.  

 

Mapping 4: 

IgG autoantibody binding to linear overlapping peptides MP18 – MP21 and MP19-MP20 and 
MP19-MP21. 

Peptide sequence (MP19-MP20)      amino acid position  
DDTDPGHADLVLYITRFDLE        165 - 184 
             GHADLVLYITRFDLELPDGN       170 - 194 
 

Peptide sequence (MP18-MP21)      amino acid position  

TINPEDDTDPGHADLVLYIT        160 - 179 
           DDTDPGHADLVLYITRFDLE       165 - 184 
                        GHADLVLYITRFDLELPDGN      170 - 189 
                                     VLYITRFDLELPDGNRQVRG     175 - 194 

Peptide sequence (MP19-MP21)      amino acid position  
DDTDPGHADLVLYITRFDLE        165 - 184 

GHADLVLYITRFDLELPDGN       170 - 189 
VLYITRFDLELPDGNRQVRG      175 – 194 
 

Epitopic region lies in the amino acid sequence “DDTDPGHADLVLYITRFDLELPDGN” from position 

169-189. About 37 HIV-associated TTP samples had IgG autoantibodies binding peptide MP19 and 

MP20 only with overlapping residues “GHADLVLYITRFDLE” as potential epitopic region. While 16 

HIV-associated TTP samples and 5 HIV positive samples had IgG autoantibodies binding to peptide 
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MP18/19 - MP21 with potential epitopic region “VLYITRFDLE”. Interesting is that this potential 

epitope region lies in close proximity with possible subsites of ADAMTS13 Metalloprotease domain 

that interact with VWF (Xiang et al. 2011). 

 

Mapping 5: 

Reactive peptides MP25 – MP28. 

Peptide sequence       amino acid position  
VTQLGGACSPTWSCLITEDT       195 - 214 
            GACSPTWSCLITEDTGFDLG      200 - 219 
                        TWSCLITEDTGFDLGVTIAH     205 - 224 
                                    ITEDTGFDLGVTIAHEIGHS    210 - 229 
 

The linear peptides overlap with amino acid sequence “GACSPTWSCLITEDTGFDLGVTIAH” which 

suggest a potential epitope lies in this region. This sequence is located at position 200-224, which 

lies in close proximity to the active site cleft responsible for proteolysis of VWF. The histidine amino 

acid in this epitopic region is also reported to play a part in coordinating the Zn2+ ion in the sequence. 

An epitope consist predominantly of hydrophobic amino acids in the center flanked by charged 

residues often found close to the surface (Rubinstein et al. 2008). Considering this characteristic, 

amino acid sequence “ITEDTGFDLGVTIAH” may be the potential epitope. 

10 HIV-associated TTP plasma samples and 10 HIV positive plasma samples had IgG antibodies 

binding this region, 

 
Mapping 6: 

Reactive peptides MP29-MP34. 

 
Peptide sequence       amino acid position   
GFDLGVTIAHEIGHSFGLEH       215 – 234  
            VTIAHEIGHSFGLEHDGAPG      220 - 239 
                       EIGHSFGLEHDGAPGSGCGP     225 - 244 
                                  FGLEHDGAPGSGCGPSGHVM    230 - 249 

      DGAPGSGCGPSGHVMASDGA   235 - 254 
      SGCGPSGHVMASDGAAPRAG  240 - 259 

 
A potential epitopic region lies in the overlapping amino acid sequence 

“VTIAHEIGHSFGLEHDGAPGSGCGPSGHVMASDGA” from position 220 – 244.This region contains the 

catalytic amino acid sequence, which is necessary for ADMATS13 Metalloprotease domain to 
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perform its proteolysis function. Only 2 HIV positive samples had IgG antibodies binding this region, 

No antibody binding was observed from the HIV-associated TTP group. 

 

Mapping 7: 

Reactive peptides MP33 – MP36. 

Peptide sequence       amino acid position   
DGAPGSGCGPSGHVMASDGA       235 – 245  
             SGCGPSGHVMASDGAAPRAG      240 - 259 
                         SGHVMASDGAAPRAGLAWSP     245 - 264 
                                       ASDGAAPRAGLAWSPCSRRQ    250 - 269 

A potential epitopic region is located in amino acid sequence “SGCGPSGHVMASDGAAPRAGLAWSP” 

located at position 240 – 264 on the full ADAMTS13 nucleotide sequence. Only 3 HIV-associated TTP 

samples had IgG antibodies binding to these peptides, No binding was observed in the HIV positive 

group. 

 
Mapping 8: 

Reactive peptides MP37 – MP39 and MP37 – MP/Dis40. 

Peptide sequence       amino acid position   
APRAGLAWSPCSRRQLLSLL       255 - 274 
             LAWSPCSRRQLLSLLSAGRA      260 - 279 
                          CSRRQLLSLLSAGRARCVWD     265 - 284 
                                      LLSLLSAGRARCVWDPPRPQ    270 - 289 
 

96% of HIV-associated TTP samples had IgG antibodies binding linear overlapping peptides with a 

potential epitope region with amino acid sequence “LAWSPCSRRQLLSLLSAGRARCVWD” from 

position 260 – 284 on the full ADAMTS13 nucleotide sequence. With potential epitope residues, 

“CSRRQLLSLL” for antibodies binding MP37-MP39 and epitope “LLSLLSAGRA” for samples with 

antibodies to MP37-MP/Dis40. 51 plasma samples from the HIV-associated TTP group had IgG 

antibodies to this epitope region, while only 1 HIV positive had antibody binding. This sequence also 

contains the ADAMTS13 subsite at position 274, which is important for ADAMTS13 interactions with 

VWF (Xiang et al. 2011). 

 

 

Mapping 9: 

Reactive peptide MP40/MP41 – MP/Dis44.  
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Peptide sequence        amino acid position   
LLSLLSAGRARCVWDPPRPQ        270 - 289 
          SAGRARCVWDPPRPQPGSAG       275 - 294 
                       RCVWDPPRPQPGSAGHPPDA      280 - 299 
                                     PPRPQPGSAGHPPDAQPGLY     285 - 304 
                                                 PGSAGHPPDAQPGLYYSANE    290 - 309 

Antibodies from 2 HIV positive sample reacted with this peptides, with a potential epitope in the 

amino acid sequence “SAGRARCVWDPPRPQPGSAGHPPDAQPGLY” at position 275 – 304 of the 

ADAMTS13 nucleotide sequence.  

Mapping 10: 

Reactive peptides MP/Dis43 – Dis48.  

Peptide sequence        amino acid position  
PPRPQPGSAGHPPDAQPGLY         285 - 304 
             PGSAGHPPDAQPGLYYSANE       290 - 309  

             HPPDAQPGLYYSANEQCRVA      295 - 314 
             QPGLYYSANEQCRVAFGPKA     300 - 319 

                                                    YSANEQCRVAFGPKAVACTF    305 - 324 
                                                                QCRVAFGPKAVACTFAREHL   310 – 334 
 
A potential epitopic region in the amino acid sequence was detected by binding IgG antibodies from 

4 HIV-associated TTP plasma samples. The epitopic sequence 

“PGSAGHPPDAQPGLYYSANEQCRVAFGPKAVACTF” is located from position 290 – 324 on the full 

ADAMTS13 nucleotide sequence, 

 

Mapping 11:  

The IgG antibody binding to various linear overlapping peptides of the Disintegrin-like domain was 

observed from individual HIV-associated TTP and HIV positive plasma samples. Several potential 

epitope regions were identified in 53% of the HIV-associated TTP plasma samples having IgG 

antibody binding various sections of linear overlapping peptides from Dis49 – Dis/TSP1-1 59. While 

83% of the HIV positive plasma samples also showed IgG antibody binding to these various section. 

Antigenic linear peptides are listed below. 
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Reactive peptides Dis49 – Dis52. 

Peptide sequence        amino acid position  
 FGPKAVACTFAREHLDMCQA        315 - 334 

VACTFAREHLDMCQALSCHT       320 - 339 
            AREHLDMCQALSCHTDPLDQ      325 - 345 

                                     DMCQALSCHTDPLDQSSCSR     330 - 349 
 

A potential epitope sequence “VACTFAREHLDMCQALSCHTDPLDQ” with IgG antibodies binding from 

4 HIV-associated TTP samples. This amino acid sequence is located from position 320 – 345 on the 

full ADAMTS13 nucleotide sequence.  

 

Reactive peptides Dis55 – Dis/TSP1-1 59.  

Peptide sequence (Dis55-Dis/TSP1-1 59)     amino acid position 
SSCSRLLVPLLDGTECGVEK        345 - 364 
             LLVPLLDGTECGVEKWCSKG       350 - 369 

           LDGTECGVEKWCSKGRCRSL      355 - 374 
            CGVEKWCSKGRCRSLVELTP     360 - 379 

                WCSKGRCRSLVELTPIAAVH    365 - 383 
 

A potential epitopic region lies in the amino acid sequence “LLVPLLDGTECGVEKWCSKGRCRSLVELTP” 

located from 350 – 379 on the full ADAMTS13 nucleotide sequence. Two HIV-associated TTP 

samples and 1 HIV-positive sample showed IgG autoantibody binding. 

 

Reactive peptide Dis56 – Dis/TSP1-1 59. 

Peptide sequence (Di56-Dis/TSP1-1 59)     amino acid position  
LLVPLLDGTECGVEKWCSKG        350 - 369 
          LDGTECGVEKWCSKGRCRSL       355 - 374 
                      CGVEKWCSKGRCRSLVELTP      360 - 379 
                                  WCSKGRCRSLVELTPIAAVH     365 - 383 
 

A potential epitopic region lies in the amino acid sequence “LDGTECGVEKWCSKGRCRSLVELTP” 

located from 355– 379 on the full ADAMTS13 nucleotide sequence. IgG autoantibodies from 2 HIV-

associated TTP plasma samples showed reactivity. 
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Reactive peptide Dis57 – Dis/TSP1-1 59.  

Peptide sequence (Dis57 – Dis/TSP1-1 59)     amino acid position 
LDGTECGVEKWCSKGRCRSL        355 - 374 
            CGVEKWCSKGRCRSLVELTP       360 - 379 
                        WCSKGRCRSLVELTPIAAVH      365 - 383 
 

Amino acid sequence “WCSKGRCRSL” is identified as a potential epitope for binding IgG antibodies. 

This sequence is located from 365 – 374 in the coding the Disintegrin-like domain of ADAMTS13 

nucleotide sequence. Only one HIV-associated TTP plasma sample showed IgG antibody binding this 

linear peptide. 

 

Reactive peptide Dis58 – Dis/TSP1-1 59. 

Peptide sequence (Dis58 – Dis/TSP1-1 59)     amino acid position  
CGVEKWCSKGRCRSLVELTP       360 - 379 
            WCSKGRCRSLVELTPIAAVH 

Two HIV-associated TTP samples showed IgG antibody binding to these peptides, with a potential 

epitope identified by amino acid sequence “WCSKGRCRSLVELTP” located from position 365 – 374. 

 

Reactive peptide Dis53 – Dis/TSP1-1 59. 

Peptide sequence (Dis53 – Dis/TSP1-1 59)     amino acid position 
LSCHTDPLDQSSCSRLLVPL        335 - 354 
           DPLDQSSCSRLLVPLLDGTEC       340 - 359 
                        SSCSRLLVPLLDGTECGVEK      345 - 364 
                                   LLVPLLDGTECGVEKWCSKG     350 - 369 
                                             LDGTECGVEKWCSKGRCRSL    355 - 374 
                                                         CGVEKWCSKGRCRSLVELTP    360 - 379 
                                                                      WCSKGRCRSLVELTPIAAVH   365 – 383, 
 

Five (5) HIV-associated TTP plasma samples and 4 HIV positive plasma samples had IgG antibodies 

binding linear overlapping peptide Dis53 – Dis/TSP1-1 59 of the Disintegrin-like domain. A potential 

epitopic region with the amino acid sequence “SSCSRLLVPLLDGTECGVEKWCSKGRCRSLVELTP was 

identified, This sequence is located from position 340 – 379 on the full ADAMTS13 nucleotide 

sequence. 

Amino acid sequence “WCSKGRCRSLVELTP” was constantly involved in antibody binding. 
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Locating potential antibody binding amino acid sequences on the full ADAMTS13 nucleotide 
sequence from position: 1 - 421 

 
MHQRHPRARCPPLCVAGILACGFLLGCWGPSHFQQSCLQALEPQAVSSYLSPGAPLKGRPPSPGFQRQRQRQRRAAGGILHLELLVAVGPDVFQAHQEDT

ERYVLTNLNIGAELLRDPSLGAQFRVHLVKMVILTEPEGAPNITANLTSSLLSVCGWSQTINPEDDTDPGHADLVLYITRFDLELPDGNRQVRGVTQLGG

ACSPTWSCLITEDTGFDLGVTIAHEIGHSFGLEHDGAPGSGCGPSGHVMASDGAAPRAGLAWSPCSRRQLLSLLSAGRARCVWDPPRPQPGSAGHPPDAQ

PGLYYSANEQRVAFGPKAVACTFAREHLDMCQALSCHTDPLDQSSCSRLLVPLLDGTECGVEKWCSKGRCRSLVELTPIAAVHGRWSSWGPRSPCSRSCG

GGVVTRRRQCNNPRPAFGGRACVGADLQAEMCNTQACEKTQLEFMSQQCARTDGQPLRSSPGGASFYHWGAAVPHSQGD 

 
The ADAMTS13 Metalloprotease domain and the Disintegrin-like domain (1-421) with potential epitope 
regions highlighted yellow.  
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Predicting potential epitope regions from reactive linear overlapping peptide sequences of the 

Cysteine-rich domain and Spacer domain. 

Anti-DAMTS13 IgG antibodies isolated from HIV-associated TTP plasma samples target major 

binding sites on the Cysteine-rich and the Spacer domains. Less reactivity was observed from IgG 

antibodies isolated from the HIV positive plasma samples.  

Mapping 1: 

Reactive linear overlapping peptides Cys1-Cys6, with the majority of HIV-associated TTP samples 

(23/53) having IgG antibodies binding to peptides Cys2-Cys5, followed by reactivity to peptides 

Cys3-Cys6 (10/53) and Cys3-Cys5. About 5 HIV positive samples also had IgG autoantibodies binding 

to the same peptide sequences. 

Peptide sequence Cys1 – Cys6      amino acid position  
KTQLEFMSQQCARTDGQPLR        440 - 459          
            FMSQQCARTDGQPLRSSPGG       445 - 464 

           CARTDGQPLRSSPGGASFYH      450 - 469  
                       GQPLRSSPGGASFYHWGAAV     455 - 474 
                                    SSPGGASFYHWGAAVPHSQG    460 - 479 
                                                ASFYHWGAAVPHSQGDALCR   465 – 484 

A potential epitopic region lies in the amino acid sequence 

“FMSQQCARTDGQPLRSSPGGASFYHWGAAVPHSQG located from position 445 – 479 of the full 

ADAMTS13 nucleotide sequence. With a common epitopic region for these samples located at 

position 455-469 with amino acid sequence “GQPLRSSPGGASFYH”. 

Mapping 2: 

Reactive peptide Cys7 – Cys10. 

Peptide sequence        amino acid position  
WGAAVPHSQGDALCRHMCRA       470 - 489 
               PHSQGDALCRHMCRAIGESF       475 - 494 
                            DALCRHMCRAIGESFIMKRG      480 - 504 
                                        HMCRAIGESFIMKRGDSFLD     485 - 504 
 
About 16/53 HIV-associated TTP samples and 5 HIV positive samples showed IgG antibody binding 

to peptide sequence Cys7-Cy10 with a potential epitopic residues 

“PHSQGDALCRHMCRAIGESFIMKRG” located from position 475-504. All sharing a common amino 

acid residue “HMCRA” in the overlapping region.  
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Mapping 3: 

A potential epitopic region is identified from reactive peptides Cys13- Cys/Spa20 with overlapping 

amino acid sequence “GTRCMPSGPREDGTLSLCVSGSCRTFGCDGRMDSQQVWDRCQVCG” by IgG 

antibodies from the HIV-associated TTP group only. No binding was detected from IgG antibodies of 

individual HIV positive plasma samples. 

About 7/53 samples showed IgG binding to Cys13-Cys16.  

Peptide sequence (Cys13-Cys16)      amino acid position 
DSFLDGTRCMPSGPREDGTL        500 - 519 
           GTRCMPSGPREDGTLSLCVS       505 - 524 
                        PSGPREDGTLSLCVSGSCRT      510 - 529 

         EDGTLSLCVSGSCRTFGCDG     515 – 534 
 

A potential epitope region with amino acid sequence “GTRCMPSGPREDGTLSLCVSGSCRT” located 

from position 505-529 on the full ADAMTS13 nucleotide sequence is identified. 

 

About 35/53 samples showed IgG binding to Cys17-Cys/Spa20. 

Peptide sequence (Cys17-Cys/Spa20)     amino acid position 
SLCVSGSCRTFGCDGRMDSQ        535 - 554 
           GSCRTFGCDGRMDSQQVWDR       540 - 559 
                       FGCDGRMDSQQVWDRCQVCG      545 - 564 
                                    RMDSQQVWDRCQVCGGDNST     550 - 554 
 
A potential epitope region with amino acid sequence “GSCRTFGCDGRMDSQQVWDRCQVCG” 

located from position 540-564 on the full ADAMTS13 nucleotide sequence is identified. 

 
Mapping 4: 
 
Only 1 plasma sample from the HIV-associated TTP group showed IgG antibody binding to peptides 

Spa24-Spa28. 

 

Peptide sequence        amino acid sequence 
CSPRKGSFTAGRAREYVTFL        555 - 574 
            GSFTAGRAREYVTFLTVTPN       560 - 579 
                        GRAREYVTFLTVTPNLTSVY      565 - 584 
                                    YVTFLTVTPNLTSVYIANHR     570 - 589 
                                               TVTPNLTSVYIANHRPLFTH     575 - 604 

The IgG autoantibodies binding identified a potential epitope region in amino acid sequence 

“GSFTAGRAREYVTFLTVTPNLTSVYIANHR“ located from position 560–586 on the full ADAMTS13 

nucleotide sequence coding the Spacer domain.  
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Mapping 5: 

About 42 HIV-associated TTP samples and 1 HIV positive samples showed IgG antibody binding to 

linear overlapping peptides Spa31-Spa34. 

 
Peptide sequence        amino acid position  
PLFTHLAVRIGGRYVVAGKM        590 - 609 
           LAVRIGGRYVVAGKMSISPN       595 - 614 
                      GGRYVVAGKMSISPNTTYPS      600 - 619 
                                   VAGKMSISPNTTYPSLLEDG     605 - 624 
 
 
The IgG autoantibodies binding revealed a potential epitopic region with overlapping amino acid 

sequence “LAVRIGGRYVVAGKMSISPNTTYPS” located at position 595 – 619 on the full ADAMTS13 

nucleotide sequence coding the Spacer domain. 

 
Mapping 6: 
 
Reactive peptides Spa37-Spa40. 
 
Peptide sequence        amino acid position  
LLEDGRVEYRVALTEDRLPR        620 - 639 
           RVEYRVALTEDRLPRLEEIR       625 - 644 
                       VALTEDRLPRLEEIRIWGPL      630 - 649 
                                  DRLPRLEEIRIWGPLQEDAD     635 - 654 
 
The IgG autoantibodies binding from 27 HIV-associated TTP plasma samples and 4 HIV positive 

plasma samples revealed a potential epitopic region with overlapping amino acid sequence 

“RVEYRVALTEDRLPRLEEIRIWGPL” located at position 625-649 on the full ADAMTS13 nucleotide 

sequence.  

 
IgG autoantibodies from 2 HIV-associated TTP plasma samples also showed reactivity to peptide 

Spa31-Spa39, probably sharing same epitopic regions with IgG’s in mapping 4 and 5. 

 
 
Mapping 7: 

All HIV-associated TTP plasma samples and only 1 HIV positive sample showed IgG autoantibody 

binding to linear overlapping peptides Spa42 – Spa/TSP1-2 46.  
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Peptide sequence        amino acid position  
IWGPLQEDADIQVYRRYGEE        645 - 664 
            QEDADIQVYRRYGEEYGNLT       650 - 669 
                         IQVYRRYGEEYGNLTRPDIT      655 - 674 
                                    RYGEEYGNLTRPDITFTYFQ     660 - 669 
                                                YGNLTRPDITFTYFQPKPRQ    665 - 684 
A potential epitopic region with amino acid sequence “QEDADIQVYRRYGEEYGNLTRPDITFTYFQ” is 

identified and is located at position 650-669 on the full ADAMTS13 nucleotide sequence in the 

region coding the Spacer domain. 

 

Locating potential antibody binding amino acid sequences on the full ADAMTS13 nucleotide 
sequence from position 440-680 

 

 VWDRCQVCGG DNSTCSPRKG SFTAGRAREY VTFLTVTPNL TSVYIANHRP LFTHLAVRIG GRYVVAGKMS ISPNTTYPSL 
LEDGRVEYRV ALTEDRLPRL EEIRIWGPLQ EDADIQVYRR YGEEYGNLTR PDITFTYFQP KPRQAWVWAA VRGPCSVSCG 
AGLRWVNYSC LDQARKELVE 

  

The ADAMTS13 Cysteine-rich domain and the Spacer domain (440-680) with potential epitope regions 
highlighted yellow.  
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