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Abstract 

 As a result of the close interaction between the complement system and the coagulation 

system, complement activation participates in the pathogenesis of many disease 

processes that are characterised by thrombosis, and the control of complement 

activation may ameliorate the severity of disease processes involving thrombotic 

microangiopathies.  This study addresses the therapeutic utility of the targeted inhibition 

of one of the three complement activation pathways, the lectin pathway, to treat a rare 

fatal microangiopathy named Thrombotic thrombocytopenic purpura (TTP). TTP occurs 

due to the absence of the enzyme ADAMTS-13 (for “a disintegrin and 

metalloproteinase with a thrombospondin type-1 motif, member 13”– von Willebrand 

factor cleaving protein).  This defect impairs the cleavage of large vWF multimers, 

which in turn predisposes to thrombosis through platelet aggregation and the formation 

of vWF-rich micro-thrombi that occlude the lumen of small blood vessels.  

   ADAMTS-13 deficient mice (on C57BL/6 background) were used in our study. They 

were injected intraperitonially (ip) with purified human plasma vWF (Haemate-p), plus 

Lipopolysaccharide (LPS) from E.coli O111:B4.  ADAMTS-13 deficient mice were 

either given LPS i.p. in a dose of 0.5 mg/kg plus vWF in a dose of 2000 iu/kg body 

weight (n=36) or LPS 2mg/kg plus vWF 2000 iu/kg (n=18) or LPS 2mg/kg plus vWF 

4000 iu/kg body weight (n=36). The experimental mice in each dose level were sorted 

into three treatment groups. The first group was pre-treated with an inhibitory 

monoclonal anti-MASP-2 antibody (OMS721-SGMI2). The second group was pre-

treated with the relevant isotype control antibody IgG4 (ET-904) while the third group 

was given saline injections only. 

   Treatment of mice with OMS721-SGMI2 achieved that vWF and LPS challenges of 

ADAMTS-13 deficient mice resulted in a significant prevention of platelets loss with 

lower plasma LDH levels and higher haptoglobin levels in circulation compared to the 

two different control groups (isotype treated mice as well as saline-treated mice) at all 

experimental levels. Blood Urea Nitrogen (BUN) levels (as parameters for the 

impairment of renal functions) were elevated in all mouse groups, but those mice 

treated with anti-MASP-2 Abs presented with lower BUN levels than the other two 

groups without statistical significance . Histologically, mice treated with anti-MASP-2 

Abs showed significantly lower level of vWF/platelet aggregates and a statistically not 

significant trend of lower levels of macrophages infiltration than both control groups.  

In conclusion there may be a role for the lectin pathway of complement activation 

system in the pathophysiology of TTP and inhibition of the lectin pathway of 

complement activation system by anti-MASP-2 Abs may be helpful in treatment of 

TTP. 
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1 Chapter One: Introduction 

1.1 Innate immunity 
     

    Innate immunity is regarded as the front line defence system against infections.  

Innate immunity includes cellular component, which is either formed of non-

haematopoietic cells or haematopoietic cells. The non-haematopoietic cellular 

components include the skin, mucous barriers and mucosal cells of respiratory tract ,the 

gastro-intestinal tract, and the urinary tract, while the haematopoietic cellular 

components include NK cells, macrophages and other antigen presenting cells, such as 

dendritic cells, neutrophils, mast cells, eosinophils and basophils. The non-cellular part 

of the innate immunity includes acute phase proteins, and enzymes such as components 

of the complement system and their regulatory components and cellular receptors, LPS- 

binding proteins, and Toll-like receptors (Takahashi et al., 2006).  

   Predominantly, recognition subcomponents are pattern-recognition receptors (PRRs), 

which are germ line encoded proteins that are the central initiators of the innate immune 

response. PRRs can recognise structures on microorganisms such as bacteria, fungi, 

viruses or parasites by the identification of particular Pathogen Associated Molecular 

Patterns (PAMPS). PRRs also recognise molecules liberated from damaged cells, which 

are called Danger Associated Molecular Patterns (DAMPs) (Akira et al., 2006). The 

most prominent examples of PRRS are Toll-like receptors (TLRs), Nod-like receptor 

(NLRs), Rig-I-like receptors (RLRs), C-type lectin receptors (CLRs), and the cytosolic 

DNA receptors. Binding of these PRRs to their PAMPS or DAMPS ligands launches a 

series of events resulting in the release of different cytokines, chemokines, 

inflammatory mediators that activate different pathways such as proteolytic pathway, 

recruitment of macrophages and neutrophils to the site of infection in order to clear the 

invading microorganisms and their debris, and control homeostasis(Masters & De 

Nardo, 2014).   

   The complement activation system plays an important role in innate immune system 

by aiding the uptake and elimination of micro-organisms by phagocytes. First, there is 

process called opsonisation where complement targets microbial structures, toxins or 
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debris through the covalent binding of the major complement activation product C3b for 

the uptake by C3 receptor bearing phagocytes (Hostetter, 1990). Secondly, complement 

activation attracts phagocytes to the site where activation takes place through the release 

of complement anaphylatoxins, the small 9kDa cleavage products C3a and C5a which 

recruit complement anaphylatoxin receptor bearing phagocytes and neutrophils to the 

source of complement activation in a process called chemotaxis (Fernandez et al., 

1978). These complement anaphylatoxins are also triggering inflammatory responses to 

kill and clear invading pathogens effectively. Finally, complement can induce a 

cytotoxic and cytolytic complex called the Membrane Attack Complex (MAC) which 

can lyse microorganisms and cells through the integration of the MAC into the cellular 

membrane forming a channel that can lead to osmolysis of the targeted cell (Mauriello 

et al., 2013).  

1.2 Complement system 
   The complement activation system was discovered more than 100 years ago when a 

group of scientists discovered a bactericidal effect of blood against gram-positive bacilli 

called Bacillus anthracis, which disappeared after either heating the blood or leaving it 

at room temperature. From this time point an enormous body of research led to 

discovery of the complement system (Ehrnthaller et al., 2011).  

      The complement activation system is composed of more than 30 different proteins 

with or without enzymatic activity that are either free in solution in the extracellular 

fluid or bound to cell surfaces (Sarma & Ward, 2011). In addition to being an important 

part of the defence mechanism against microbial infections, the complement activation 

system has other essential functions like the activation and amplification of 

inflammatory response, chemotaxis of leukocytes, haemostasis and scavenging of 

abnormal, dead cells, immune complexes and debris (Carroll & Sim, 2011). 

Complement activation is held in check by strict control mechanisms to prevent 

unwanted over-activation of its components, which may precipitate debilitating or even 

fatal pathologies and diseases (Sjöberg et al., 2009).  
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1.2.1 The complement pathways and mechanism of 

complement activation 

The complement system can be initiated by one of three pathways, which are the 

classical, the lectin and the alternative pathways. Both the classical and the lectin 

pathways are activated by special recognition molecules that bind to the target antigens 

leading to the activation of complement system and the assembly of the membrane 

attack complex (MAC) on the cellular surface which will lyse the targeted cells or 

organisms. On the other hand, the alternative pathway has no recognition molecules and 

acts mainly as augmentation cycle to potentiate complement activation induced by 

either of the other two pathways (Cresci et al., 2015; Noris & Remuzzi, 2013; Ricklin & 

Lambris, 2013). 

 

Figure 1.1 Simplified diagram of the three pathways of the complement activation 

system. 

 (Kindly provided by Professor W Schwaeble, University of Leicester, UK.) 

(Demopulos et al., 2015). 
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1.2.1.1 Activation of the classical pathway of complement system 

    The activation of the classical pathway of complement system is usually directed by 

C1 complex, which consists of a recognition molecule C1q and two serine proteases 

enzymes C1r and C1s (Beveridge et al., 2012). Activation of C1 complex occurs when 

the C1q binds to immune complexes i.e. IgM or IgG antibodies bound to their antigens. 

Following the binding of the C1q to the immune complexes, C1r serine protease will be 

activated and cleaves its unique substrate C1s enzyme in the C1 complex. Active C1s 

cleaves complement factor C2 into C2a and C2b, and complement factor C4 into C4b 

and C4a giving rise to the C3 convertase of the classical pathway C4b2a, which in turn 

cleaves complement C3 into C3b and C3a fragments (Chen et al., 2010). Pentraxins 

(PTX) including C- reactive protein (CRP), serum amyloid- p and PTX3 that recognise 

different pathogens were found to have the ability to activate the classical pathway via 

direct binding with the C1q (Sarma & Ward, 2011); (Gaboriaud et al., 2004). 

1.2.1.1.1 Complement factors of the classical pathway 

1.2.1.1.1.1 C1q 

       C1q is the leading activator of the classical pathway. It is a 460 kD protein 

consisting of 18 polypeptide subunits of three types A, B and C (figure 1.2) (Nayak et 

al., 2012). The genes responsible for the expression of these three chains are located on 

chromosome 1p36 and arranged in A-C-B order in 5´-3´direction (Namjou et al., 2012). 

C1q is a hexamer similar to bouquet of 6 tulips. Each monomer has a C-terminal head 

linked to a collagen-like arm. These arms are bound together forming a stem near the N-

terminus. C1q   provides structural support to the C1s-C1r-C1r-C1s tetramer of the C1 

complex (Gál et al., 2009). Although C1q concentration in the blood is very high (70-80 

μg/ml), its biological activity does not start unless it binds to the target protein residues 

(Eggleton et al., 1998). C1q activates the classical pathway when it binds to the Fc 

region of the aggregated and non-aggregated IgG immunoglobulins or IgM. Acute 

phase proteins such as C-reactive protein, serum amyloid-p or Pentraxins can also 

activate the classical pathway via binding to the C1q (Nayak et al., 2012). The 

activation of C1q induces self-activation of C1r. Active C1r activates C1s into active 

serine protease which cleaves both C4 and C2 initiating the classical pathway of the 

complement activation system (Gaboriaud et al., 2004).    
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1.2.1.1.1.2 C1r and C1s 

    C1r and C1s are two serine proteases associated with C1q molecule of the classical 

pathway of the complement activation. They are glycosylated 85 kD peptides (Tosi et 

al., 1987). Genes responsible for the expression of these two enzymes are located on 

chromosome 12p13 (Garnier et al., 2003).  Structurally C1r and C1s possess 6 domains 

including CUB1, EGF, and CUB2 at the N-terminal end, and CCP1, CCP2 and serine 

protease domain at the C-terminal end (Gál et al., 2009). The enzymatic activity of C1r 

and C1s is therefore located at the C-termus while the N-terminal portion of these 

molecules mediates their assembly to form a heterotetramer C1s-C1r-C1r-C1s within 

the C1 complex (figure 1.2) (Arlaud et al., 2002a). 

 

Figure 1.2 The molecular structure of C1q, C1r and C1s within the C1 complex 

C1q forms a hexameric bouquet of 6 “tulips”. Each of these heterotrimeric subunits (A-

chain. B-chain and C-chain) is composed of C-terminal head, a collagen-like arm and an 

N-terminal stalk. The serine proteases C1r and C1s are composed of 6 domains, named 

CUB1, EGF, CUB2, CCP1, CCP2 and serine protease domain (Arlaud et al., 2002b).  
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1.2.1.2 Activation of the lectin pathway of complement system 

   The lectin pathway of the complement activation system is usually activated when one 

of its recognition molecules binds to carbohydrate target residues. The main recognition 

molecules of the lectin pathway are Mannan binding lectin (MBL) (two isoforms of 

MBL, MBL-A and MBL-C are present in rodents, only one MBL , MBL-2 is expressed 

in humans), the human ficolins H-ficolins, M-ficolin and L-ficolin while the rodent 

ficolins are called ficolin- A and ficolin-B; and collectin-11 in both human and mice 

(Wagner et al., 2003); (Ren et al., 2014); (Ohtani et al., 2012).  After the binding of 

MBL, Collectin or ficolins to their respective carbohydrate ligands, the associated serine 

proteases named Mannan binding lectin associated serine proteases of the lectin 

pathway, i.e. MASP-1, MASP-2 and MASP-3 will be converted into their enzymatically 

active form (Cedzynski et al., 2012). Like C1s in the classical activation pathway, 

MASP-2 is the key enzyme to form the lectin pathway C3 convertase complex C4b2a, 

since only MASP-2 is capable of cleaving C4 into C4a and C4b. Subsequent to C4 

cleavage, C4b binds to C2 to form the zymogen complex C4b2, which is then converted 

in a second MASP-2 mediated cleavage step into C4b2a, the C3 convertase of the lectin 

pathway that can cleave C3 into C3b and C3a (Chen & Wallis, 2004). 

1.2.1.2.1 Complement factors of the lectin pathway   

1.2.1.2.1.1 Mannose binding lectin (MBL) 

   MBL is one of the recognition molecules of the lectin pathway of complement 

activation system (Turner, 2003). Its biosynthesis is considered to be an upregulated 

under inflammatory conditions, however and against previous speculations, MBL is not 

sufficiently highly expressed under inflammatory conditions to qualify as an acute 

phase protein.  MBL is composed of multimers of homotrimers and these homotrimeric 

subunits form dimers, trimers, tetramers and pentamers and hexamers. The structural 

domains include a cysteine-rich N-terminal domain, the collagen-like stalk region, a 

“neck” region  and the C-terminal carbohydrate recognition domain (CRD) (see figure 

2) (Wang et al., 2011). The main source of MBL is the liver, but there are extra- hepatic 

sources for MBL expression such as renal cells, cells in the small intestine and the 

brain, splenocytes and muscle cells, which can synthesise MBL but to a lower extent 

than liver cells. MBL is present in two isoforms in rodents, rabbits, and rhesus monkeys 

i.e. MBL-A and MBL-C while only one MBL gene (MBL2) is expressed in 
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chimpanzees and human (Wagner et al., 2003) The MBL2 gene has been located on 

chromosome 10q11.1-q21 (Garred et al., 2003). 

   Various microorganisms, as well as abnormal or dead cells and extracellular DNA can 

be recognised by MBL through binding of MBL to carbohydrate residues present on 

these targets. The most important carbohydrates that bind to MBL are D-mannose, N-

acetyl glucosamine and L-fucose (Takahashi et al., 2006). MBL can drive the activation 

of the lectin pathway through its binding to the serine protease enzymes of the lectin 

pathway of complement activation system which are named MBL- associated serine 

proteases 1, 2 and 3 (i.e. MASP-1, MASP-2 and MASP-3). MBL can also bind to MAP-

19, which is a non-enzymatic, alternative spliced complement protein of MASP2 gene 

(Selander et al., 2007). An association between a higher predisposition to infections and 

MBL deficiency was described by Turner and Summerfield 1991 (Sumiya et al., 1991) 

                

 

Figure 1.3 Molecular structure of the Mannan binding lectin (MBL) 

 MBL composed of N-terminal domain, Collagen-like domain, neck region and 

Carbohydrate recognition domain. These 25-kDa subunits form trimers, which bind 

together to form oligomers (Presanis et al., 2003). 
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1.2.1.2.1.2 Ficolins 

   Ficolins are recognition molecules of the lectin pathway of the complement activation 

system. Ficolins bind to the carbohydrate residues on the abnormal or dead cells, and 

microorganisms (Matsushita, 2012). Three isotypes of ficolins are recognised in human 

which are M-ficolin (ficolin-1), L-ficolin (ficolin-2) and H-ficolin (ficolin-3), while 

mice have only two types of ficolin, ficolin-A and ficolin-B (Ren et al., 2014). Ficolin 

H (also called Hakata antigen), which is named later on as ficolin-3, was the first 

identified ficolin, which was suspected to have the ability of autoantibody precipitation 

in the sera of patients with systemic lupus erythematosus (SLE) (Frederiksen et al., 

2005). Ficolin subunit has two domains, a collagen-like domain and fibrinogen-like 

domain beside the N-terminal region. The subunits bind together via disulphide bonds 

to form trimers, which in turn bound together by means of disulphide bonds to form 

multimers (Matsushita, 2012). Ficolins recognise any antigen which contains the acetyl 

group in its structure such as the N-acetyl glucose amineglycan (G1Cnac) and B-(1-3)-

D-glucan. Ficolins also recognise DNA, elastin, polysaccharide and Lipoteichoic acid 

(Lynch et al., 2004; Kjaer et al., 2013).  
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Figure 1.4 Structure of ficolins  

The ficolin peptide is composed of two domains which are the collagen-like domain and 

the fibrinogen-like domain. They arranged in trimers via disulphide bonds and these 

oligomerize to give ficolin multimers (Matsushita, 2012). 
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1.2.1.2.1.3 Collectins 

   Collectins are regarded as pattern recognition molecules in the innate immunity, 

which are capable of recognising the carbohydrate antigens via their carbohydrate 

recognition domains (Antony et al., 2015) . Structurally, the skeleton of the collectin is 

built up of a homotrimeric subunits of identical chains. Each subunit comprises of four 

segments, which are the N-terminal segment, collagen-like segment, the neck region, 

and the carbohydrate recognition domain . The homotrimeric subunits are held together 

by disulphide bonds (Selman & Hansen, 2012).There are many collectins discovered in 

the body. Examples of these collectins are Lung- surfactant proteins A (SP-A) and D 

(SP-D) that are present on the epithelial surface of the lungs to protect the body against 

invading micro-organisms and immunogens. MBL-A and MBL-C are also regarded as 

collectins. Other important newly discovered collectins are collectin liver-1 (CL-L1or 

CL-10), collectin kidney-1 (CL-K1 or CL-11) which have importance in the activation 

of the complement lectin pathway and regarded as recognition molecules for MASPs of 

the lectin pathway (Bayarri-Olmos et al., 2015). Collectin-11 is expressed by COLEC11 

(OMIM 612502) gene on chromosome 2p25.3 in different tissues in the body including 

kidneys, adrenal glands and in the liver (Antony et al., 2015). The CL-11 is a 

circulatory protein with high tendency to recognise antigens containing L-fucose and D-

mannose (Selman & Hansen, 2012). The mean concentration of CL-11 in blood samples 

of 100 healthy subjects measured by sandwich ELISA is 284ng/ml (Selman et al., 

2012). On the other hand, CL-L1 is a circulatory protein with a high binding avidity 

toward D-mannose, N-acetyl glucosamine, D-fucose and D-galactose (Selman & 

Hansen, 2012). The gene for CL-10 is located on chromosome 8q23-q24.1 and CL-10 

expressed in liver cells, adrenal glands and in the placenta (Ohtani et al., 1999). CL-10 

is present in plasma at a normal range between 1.5-5 µg/ml (Axelgaard et al., 2013). 

Collectin placenta or CL-P1 is a newly discovered collectin which participates in the 

innate immune response as scavenger receptor in the placenta. CL-P1 is expressed 

abundantly in the placental tissues especially on the endothelial surfaces of the placental 

and umbilical blood vessels. CL-P1 controls the growth of yeast or bacteria clears 

modified low-density lipoproteins (LDLs) and clears amyloids (Ohtani et al., 2012). 
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1.2.1.2.1.4 Mannose-binding lectin associated serine proteases (MASPs) of the 

lectin pathway of the complement activation system 

   The recognition molecules of the lectin pathway of the complement activation system 

(MBL, ficolins and collectins) that bind to their ligands initiate the activation of the 

lectin pathway by catalysing activation of their associated serine proteases. Activation 

of these enzymes will proceed to cleave and activate C4 and C2 to produce the C3 

convertase enzyme that cleaves C3 into C3b and C3a (Carroll & Sim, 2011). There are 

five proteins related to the serine proteases of the lectin pathway, three of them have 

enzymatic activity i.e. MASP-1, MASP-2 and MASP-3 and two additional proteins 

without enzymatic activity i.e. MAP-19 and MAP-44 (Heja et al., 2012).   

   The three complement proteins MASP-1, MASP-3 and MAP-44 are encoded by 

MASP1 gene through an alternative splicing process (Degn et al., 2012). The MASP1 

gene is 76kb gene that is located on chromosome 3q27-28 in human and on 

chromosome 16B2-B3 in mice ( Takada et al., 1995; Ammitzbøll et al., 2013). MASP-1 

and MASP-3 are composed of two chains (A and B chains). A-chain is similar in both 

MASPs and consists of five domains, which are CUB1, EGF, CUB2, CCP1, and CCP2 

while the B-chain, which is the serine protease chain, is specific for either MASP-1 or 

MASP-3 (Degn et al., 2010). The A-chains of MASP-1 and MASP-3 are encoded by 

exons 1-8, 10 and 11 in the MASP1 gene. The B-chain in MASP-3 is encoded by exon 

12, and the serine protease domain of MASP-1 is encoded by exons 13-18 (Ammitzbøll 

et al., 2013) . MAP44 protein(  MBL- associated protein-44) is composed of only the 

first four domains of the A-chain (CUB1-EGF-CUB2-CCP1) followed by specific 17 

amino acids residues encoded by exon 9 on the MASP1 gene (figure 5) (Skjoedt et al., 

2010).  The concentration of MASP-1 ranges between 4-30µg/ml, while MASP-3 is 

ranging between 1.8-10.6 µg/ml in human serum (Thiel et al., 2012). The concentration 

of MAP-44 ranges between 0.8-3.2 µg/ml (Degn et al., 2010). 

   The other two components of the MASPs of the lectin pathway are MASP-2 and 

MAP-19 protein (MBL- associated protein-19). They are expressed by alternative 

splicing of MASP2 gene, which is located on chromosome 1p36.23-31(Stover et al., 

2001). MASP-2 has the same structural domains as MASP-1 and MASP-3 including 

CUB1, EGF1, CUB2, CCP1 and CCP2 in addition to the serine protease domain (figure 

5) (Schwaeble et al., 2002). The plasma level of MASP-2 in healthy adults is 0.5 µg /ml 

but can be five times as high in new born babies (Moller-Kristensen et al., 2003; 
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Swierzko et al., 2009). MAP-19 has only three domains in its structure, which are 

CUB1, EGF in addition to C-terminal composed of four amino acid residues. Level of 

MAP-19 was found to be about 217ng/ml in the sera of 104 healthy Danish adults 

(Degn et al., 2011).  Studies of tissue expression of these proteins revealed that MASP-

2 and MAP-19 are exclusively expressed in the liver (Stover et al., 2004). MASP-3 is 

also produced at high levels from other tissues as pancreas, thymus gland, the prostate, 

the ovarian tissue and skeletal muscles. Astrocytes and glial tissue can produce both 

MASP-1 and MASP-3 in high levels while MAP-44 is mainly produced in the striated 

muscles (Yongqing et al., 2012).   

   MASPs usually present in their inactive zymogen form. They are activated when their 

recognition molecules (MBL, ficolins and collectins) make complex with their targets 

(Gál et al., 2009). MASP-1 and MASP-2 are found to be able to cleave C2 while C4 is 

only cleaved by MASP-2 and MASP-2 is 10 times more potent than MASP-1 in the 

activation of C2 (Matsushita et al., 2000). MASP-2 is regarded as the key factor in the 

activation of the lectin pathway of the complement activation system. MASP-2 is 

suspected to have the ability of auto activation. Upon activation, MASP-2 could cleave 

C4 into C4b and C4a and cleave C4b bound C2 complement factor into C2a and C2b. 

This process results in the production of the C4b2a which is the C3 convertase enzyme 

which can activate C3 complement factor and cleave it into C3b and C3a resulting in 

activation of the complement system (Antony et al., 2015). MASP-1 is found to be able 

to cleave pro-factor D and changes it into active form factor-D by removing the 

OPRGR from the N-terminal site of the factor-D therefore; it appears to have great 

importance in the activation of the alternative pathway in addition to its role in the 

activation of the lectin pathway (Takahashi et al., 2010). On the other hand, MASP-3 

has been found to be unable to cleave C4 or C3 while it has been found to be important 

in the activation of the alternative pathway by the activation of factor B and factor D. 

The level of activation of factor B and factor D in MASP1/3 KO sera was found to be 

significantly lower than in wild type mouse sera. Reconstitution of MASP1/3 KO serum 

with rMASP-3 has the ability to restore the activation of factor-B. Incubation of pro 

factor-D with rMASP-1 or rMASP-3 gives a product with slightly lower molecular 

weight than the pro factor-D therefore MASP-3 and MASP-1 may have the ability to 

cleave pro factor-D and changing it to the active factor-D and driven the alternative 

pathway of complement activation (Iwaki et al., 2011). 
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Figure 1.5 The genomic structure of MASP2 and MASP1 genes, and the expressed 

protein structures  

This figure shows the structure of MASP-1, MASP-3, MAP-44, MASP-2 and MAP-19 

enzyme proteins of the lectin pathway of the complement activation system (Yongqing 

et al., 2012). 
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1.2.1.3    Activation of the alternative pathway of complement system 

   The alternative pathway can be activated spontaneously by the hydrolysis of the 

thioester bond of the complement C3 (Harboe & Mollnes, 2008). The hydrolysed C3 

(C3 (H2O)) has similar activity to C3b. It has the ability to form a Mg
++

 dependent 

complex with factor B forming the initial C3 convertase of the alternative pathway (C3 

(H2O) Bb) that cleaves C3 into C3b and C3a (Bexborn et al., 2008). C3b bound Factor 

B requires to be cleaved by factor D to generate the C3 convertase complex C3bBb. Ba 

is removed to the circulation and Bb molecule stays in association with C3 (H2O) 

forming C3(H2O)Bb or  C3bBb to form the C3 convertase of the alternative pathway. 

This C3 convertase cleaves C3 into C3b and C3a. Factor B has the capability to bind to 

the resultant C3b that is bound to the nearby cellular surfaces giving rise to C3bB. 

Factor D cleaves the FB in the C3bB complex to yield C3bBb, which can be surface 

bound if the initial C3b formed a covalent link with a surface structure through its 

reactive thioester (Hecker et al., 2010). C3bBb complex is a relatively unstable 

compound due to its short half-life of about 1.5 minutes. This complex can be stabilised 

and its half-life extended by the binding of a positive regulatory complement 

component called properdin (Schwaeble and Reid 1999).  

1.2.1.3.1 Properdin 

Properdin is  the only known positive regulator of the alternative pathway. It stabilises 

the C3 convertase of the alternative pathway (C3bBb), which increases the potency of 

the alternative pathway about 10 times (Hourcade, 2006). Human properdin is 

expressed by a 6 kb long properdin gene composed of 10 exons located on the short arm 

of X-chromosome (Xp11.23-Xp11.3) (Fredrikson et al., 1998). Properdin is expressed 

by the primary T-cells, mast cells, T lymphoblastoid cell lines, Bone marrow progenitor 

cell line HL-60, monoblastic cellular line U-937, monocytes, and endothelial cells 

(Ferreira et al., 2010). The normal concentration of properdin in circulation is 4-

15μg/ml. Properdin presents in the plasma as dimers, trimers or tetramers. The ratio of 

these homo-oligomers in plasma is naturally determined as 20:54:26, while properdin 

monomers are not seen in the circulation or cell culture supernatant (Schwaeble & Reid, 

1999). If the complement system is activated, the properdin tetramers are consumed 

first followed by trimeric form of the properdin and then the dimeric forms. The activity 

of properdin is directly proportional to the size of the properdin, and the tetramers are 

ten times more potent than dimeric properdin (Schwaeble & Reid, 1999). 
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1.2.1.4 Configuration of the membrane attack complex (MAC) 

    After the cleavage of C3 due to the activation of any of these three pathways of the 

complement activation system many C3b molecules bind covalently to the C3 

convertases enzymes resulting in the formation of another enzyme that will cleave C5, 

which is the C5 convertase enzyme. There will be two C5 convertases, the first one is 

C4b2a (C3b)n which is the C5 convertase of the classical or the lectin pathways while 

the second one is C3bPBb (C3b)n which is C5 convertase of the alternative pathway 

(Carroll & Sim, 2011);(Rawal et al., 2008);(Fearon & Austen, 1975; Cresci et al., 

2015). The cleavage of complement C5 by C5 convertases results into two molecules, 

which are C5a and C5b. The resultant C5b binds to C6 and exposes the hydrophobic 

site of complement C7 constituting C5b67 complex, which binds to the extracellular 

membrane of the target. Addition of 12-18 molecule of complement C9 to the structure 

of the complex after the attachment of complement C8 to the C5b67 complex will give 

arise to what is called the membrane attack complex (MAC) (figure 6). MAC acts as a 

drill and forms pores on the cellular surface of cells and bacteria like Gram-negative 

bacteria resulting in the lysis of the targeted bacteria. Other function for the MAC is the 

induction of the pro-inflammatory status when it binds to the endothelial surface leading 

to induction of chemotaxis of neutrophils and macrophages to the site of infection 

(Berends et al., 2015).  

 

Figure 1.6 A simplified diagram of the membrane attack complex (MAC) 

 illustrated by (Tegla et al., 2011).  
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1.2.2 Functions of the complement system 

    Studies over the last 100 years revealed the importance of the complement activation 

system in relation to the body’s immune system. The most obvious function of the 

complement system is its contribution in fighting invading microbes and the removal of 

abnormal or dead cells by variable enzymatic or non-enzymatic reactions. The binding 

of the resultant C3b, C4b from the activation of complement system to the surface of 

different targets helps in the destruction of these targets by phagocytosis via 

macrophages, and initiation of inflammatory response that clear non-healthy cells or 

invading pathogens (Botto et al., 2009). The assembly of the Membrane attack complex 

(C5b-C9) on the surface of the targeted cells or microorganisms results in lysis of these 

targets by creation of pores in their cellular membranes (Skattum et al., 2011). The 

cleavage of C3 and C5 results in production of important small biologically active 

molecules which are anaphylatoxins C3a and C5a and C5a-des Arg that have an 

important role in fighting infection and in inflammation. They impose their biological 

activities by their three receptors C3aR, C5aR and C5aL2. These anaphylatoxins 

promote inflammation because they activate chemotaxis of neutrophils, macrophages, 

mast cells, eosinophils and basophils, and increase fluid exudation through the capillary 

wall to the site of infection (Skattum et al., 2011; Bamberg et al., 2010). These 

anaphylatoxins play an additional role in healing, tissue fibrosis and regeneration, brain 

development, and stem cells development in the bone marrow. Over activity of these 

highly active molecules is usually controlled by the body to prevent unwanted effects as 

tissue damage by Carboxypeptidases enzymes, which cleaves C3a and C5a at their C-

terminal arginine. C3-des Arg has no inflammatory effect in contrast to C5Arg which 

keeps up to 10% of their inflammatory ability (Klos et al., 2009).    

    The complement system is also thought to play a role in the interaction and 

coordination between the innate and the adaptive immunity. Low level of C3 leads to 

impairment of antibody-mediated immune response. C3d resulting  from C3b 

degradation, shares in the interaction with the humoral immunity and production of 

antibodies from the B cells. C3d binds to antigens and to complement receptor 2 (CR2) 

on B-cells, which initiates activation and proliferation of B-cells. C3d also binds to CR2 

on the T-cells and on follicular dendritic cells and helps in production of the memory 

cells (Degn & Thiel, 2013).  
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1.2.3 Deficiency and over activation of the complement system 

   The majority of complement deficiencies are inherited as autosomal dominant such as 

C1INH deficiency, C2-7 and C9 deficiencies. Genetic defects affecting the complement 

system range from affecting a single nucleotide that may result in production of inactive 

protein to a complete absence of the gene without any protein production. Sex 

chromosome related hereditary defects also are noticed in complement genetic diseases 

such as X-linked properdin deficiency, which affects males only (Wen et al., 2004) 

      The consideration of complement system abnormalities as a cause of disease is 

under estimated in the clinical wards. Suspicion about complement abnormalities comes 

in consideration by the clinicians in rare occasions. Recurrent meningitis, SLE or 

hereditary angioedema usually increase the suspicion about possibilities of complement 

activation defects (Sjöholm et al., 2006). Cases of fulminant Neisseria meningitides 

meningitis are reported in patients with defects in the alternative pathway components 

such as factor D or properdin. Recurrent meningitis is recorded also with people who 

have C5-C9 (MAC) deficiency, However it has been found to be with less fatality rate 

than among patients who have defects in the alternative pathway, which may be due to 

weaker inflammatory response to LPS associated with MAC component defects 

(Skattum et al., 2011). Deficiency in complement factors C1q, C1s, C1r, C2 , C3 and 

C4 is usually associated with autoimmune diseases such as SLE. Deficiencies increase 

the risk of getting infections and developing various different immunological diseases 

(Wen et al., 2004).   

   MBL deficiency is regarded as the most frequently occurring immunodeficiency. 

Over 10% of people of various ethnic backgrounds have some degree of MBL 

deficiency in their immune system that may present with unexplained autoimmune 

diseases or repeated infections (Thiel et al., 2006). Low MASP-2 and MAp-19 levels 

have been found in patients with history of ulcerative colitis, SLE, pulmonary fibrosis, 

and repeated pneumococcal infections (Stengaard-Pedersen et al., 2003). Studies 

showed that there are more than 3.6% of the Caucasian people  who have a mutation in 

MASP2 gene, which usually interferes with Ca
++

 binding site on the MASP-2 resulting 

in reduced  ability to make a complex with MBL and Ficolins. This mutation occurs at 

position 105 in CUB1 domain of MASP-2 protein (Sørensen et al., 2005). Another 

common mutation in MASP-2 gene is the p.D120G SNP which leads to low level of 
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both MASP-2 and MAP-19. This genetic mutation leads to replacement of glycine at 

position 120 by aspartic acid (Sokolowska et al., 2015). MASP-2 deficiency is 

considered as risk factor for infection with the pneumococcus pneumoneae. In vitro 

study using mouse and human complement deficient sera shows that the recognition 

molecules that can drive the lectin pathway on the surface of the pneumococci are CL-

11, human L-ficolin and murine ficolin-A in human and mice (Ali et al., 2012). MASP-

2 deficiency is also regarded as risk factor for infection with mycobacterium leprae 

leading to leprosy and especially the lepromatus type (Boldt et al., 2013). 3MC 

syndrome is an autosomal recessive disease characterised by gross developmental 

anomalies as cleft lip with or without cleft palate, facial dysmophorism, and 

craniosynostosis, multi-organ and skeleton congenital anomalies.  This syndrome occurs 

as a result of mutation in collectin 11 and MASP 1 genes (Rooryck et al., 2011). CL-K1 

and MASP-1 are important guidance cues for neural crest cell migration during 

embryogenesis. This syndrome is associated with complement system activation defect 

because these two genes are responsible for expression of complement proteins: 

collectin kidney-1, MASP-1 and MASP-3(Bayarri-Olmos et al., 2015). Deficiency of 

MASP-3 in 3MC patients leads to deficiency in the alternative complement pathway 

which increases risk for infections (Iwaki et al., 2011). 

1.2.4 Regulation of complement system 

   Over activation of the complement system may have harmful drawback effects on the 

body
,
 s health and tissues integrity. The defect in one of the complement regulatory 

proteins may lead to over activation of the complement as a result of failure in 

controlling the activation cascade. There are two types of complement system regulators 

which are either fluid phase proteins or cell surface bound proteins (Botto et al., 2009).  

1.2.4.1 Fluid phase regulators 

    Fluid phase regulators include many factors such as factor H and factor H like 

protein-1 and both regulate the alternative pathway (Jozsi & Zipfel, 2008). C1inhibitor 

and C4 binding protein regulate the classical and the lectin pathways.  On the other 

hand, there are different soluble regulatory proteins that regulate complement 

membrane attack complex such as vitronectin, clusterin and complement factor H 

related protein-1(Vakeva et al., 1993). Anaphylatoxin C5a and C3a activity is down-

regulated and partly inactivated by carboxypeptidase N (Zipfel & Skerka, 2009). 
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1.2.4.2 Membrane bound regulators 

Cellular membranes are armed with many factors that can inhibit complement activation 

and protect normal cells from damage by complement system activation. These include 

complement receptors 1, 3 and 4, decay accelerating factor (DAF) and membrane 

cofactor protein (MCP), protectin, and C1q receptors (Zipfel & Skerka, 2009). Many 

cells as lymphocytes and erythrocytes express CR1 (CD35). It acts as a cofactor for 

factor I, which cleaves both C3b and C4b into its inactive forms, iC3b and iC4b 

preventing the configuration of the convertases of the alternative, classical and lectin 

pathways. Cells as T or B-lymphocytes, epithelial cells and platelets express CR2 

(CD21). CR3 (CD11a/CD18) and CR4 (CD11b/CD18) are expressed by leucocytes 

such as neutrophils, basophils, eosinophils and monocytes. CR3 and CR4 bind to C3b 

and iC3b to inactivate them (Carroll, 1998; Khera & Das, 2009; Roozendaal & Carroll, 

2007). Endothelial cells, red blood cells, monocytes, T and B cells, express DAF 

(Spendlove et al., 2006) that is another membrane bound regulator  that accelerates the 

inactivation of C3 convertases by factor I (Spendlove et al., 2006).  MCP (CD46) is 

regarded as cofactor of factor I to inactivate C3b and C4b (Kim & Song, 2006). 

Protectin (CD59)  which interferes with the polymerisation of C9 component, regulates 

MAC formation (Mayilyan, 2012).   

     C3b and C4b are cleaved and inactivated by factor I, which cleaves their alpha chain. 

The cleavage process needs cofactors to be completed. The first co factor is factor H 

that works as a cofactor for the cleavage of C3b, while C4 binding protein (C4BP) 

works as cofactor for inactivation of C4b. Other cofactors (such as) MCP and 

complement receptor 1 (CD35) also help FI in the cleavage of C3b and C4b (Kavanagh 

et al., 2008). 

   Uncontrolled complement activation due to failure of the control of the complement 

regulatory proteins can lead to serious diseases such as in cases of hereditary 

angioedema due to C1inhibitor deficiency or deficiency in regulators as FH, FI and 

CD46 that are associated with alternative pathway over activation, which in turn 

predisposes to atypical haemolytic uremic syndrome or membrano-proliferative 

glomerulonephritis (Grumach & Kirschfink, 2014). Disseminated intravascular 

coagulation (DIC) that occurs after severe infection and LPS release is another example 

of the strong over activation of complement system that implicate unwanted destructive 

effect resulting in debilitating or fulminant pathologies (Nita et al., 2011). Complement 
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factors have a role in the pathophysiology of number of metabolic diseases. 

Complement over activity has been detected even in some metabolic diseases as 

diabetes mellitus type II in which high levels of C3 have been found and it has been 

proposed that this dysregulation may be associated with more insulin resistance (Hertle 

et al., 2012; Bao et al., 2015).  

1.2.5 Therapeutic inhibition of complement activation 

   The role of complement system in pathophysiology of inflammatory disease and 

inflammation mediated illnesses encourages scientists to evaluate the effectiveness of 

therapeutic complement activation inhibitors to treat or prevent inflammatory disease 

driven or augmented by complement activation. Different chemicals and antibodies that 

have the ability to ameliorate or block complement activation have been asessed over 

the previous years. Compstatin is a low molecular weight cyclic peptide that has the 

ability to inhibit complement activation via binding to C3 preventing the formation of 

C3 convertase and inhibiting C3 cleavage (Mastellos et al., 2015). Eculizumab which is 

an anti-C5 inhibitory monoclonal antibody has been granted FDA approval for the 

treatment of several pathologies such as typical and atypical haemolytic uremic 

syndromes and paroxysmal nocturnal hemoglobinuria (Loirat & Fremeaux-Bacchi, 

2011; Lapeyraque et al., 2011; Mulligan et al., 1992). TP10, the  recombinant soluble 

form of complement receptor 1 (sCR1) was the first ever described complement 

activation modulating factor (Weisman et al., 1990). SCR1 has the capability to inhibit 

complement by accelerating the decay of C3 and C5 convertases. It acts as a decay 

accelerating factor and as a cofactor for factor-I mediated cleavage of both C4b and 

C3b, and cleavage of iC3b to C3c and C3dg. Soluble complement receptor 1 has the 

ability to down regulate complement activation and it has a protective effect in many 

different complement mediated inflammatory diseases. Intravenous infusion of mice 

with sCR1 decreases the neutrophil accumulation in glycogen-induced peritonitis by 

about 79% ; with significant decline of both vascular permeability, and tissue 

haemorrhage in mice with acute lung injury after exposure to IgG immune complexes 

(Mulligan et al., 1992). Using mouse models, soluble recombinant CR1 has been found 

to give protection against autoimmune induced myasthenia gravis leading to significant 

improvement in muscular strength, Electromyography (EMG) results and weight loss of 

the mice under experimental conditions (Piddlesden et al., 1996).  
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      C1inhibitor concentrate given to patients with hereditary angioedema resulted in 

nearly normal activity of C1INH with significant clinical improvement reducing the 

severity of oedema in extremities, larynx or abdomen when compared to control groups 

who received placebo infusions (Waytes et al., 1996). Inhibition of the lectin and the 

classical pathways by C1INH in a Swan model of renal ischemia reperfusion resulted in 

a significant decline in the deposition of C4d and MAC complex protein in both 

peritubular capillary and renal glomeruli. Animals that received C1INH showed a 

significant lower level of renal tubular damage and cell apoptosis. These results may 

suggest that inhibition of both classical and lectin pathways are important in the 

prevention of ischemia reperfusion injury, which is very important cause of delayed 

organ functioning and organ rejection in renal transplants (Castellano et al., 2010). 

   Recently the lectin pathway inhibition by specific monoclonal anti MASP-2 

antibodies was studied in both stroke and myocardial infarction using experimental 

mouse models. These antibodies showed ability to decrease the infarct size in brain by 

30-40% in comparison to mice group that received the irrelevant isotype control 

antibodies (Chrysanthou et al., 2013). On the other hand pre treatment of mice with 

monoclonal inhibitory anti-MASP-2 antibodies provides mice a significant protection 

against gastro intestinal tissue damage in mouse model of intestinal ischemia 

reperfusion injury in comparison to the isotype treated control mice, with P-value 

≤0.01(Schwaeble et al., 2011).  
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1.3 Haemostasis and thrombosis 
  Haemostasis is an important defence mechanism of the body. It stops the bleeding 

following injury and thus prevents excessive blood loss. It also contributes to the 

defence against infection by creating physical barriers against invading microbial 

organisms. Haemostasis involves cellular components such as platelets and endothelial 

cells and soluble components that comprise enzymatic activation cascade systems 

(similar to the activation cascades of the complement system) that initiate and control 

clotting events as coagulant, fibrinolytic or anticoagulant factors (Palta et al., 2014). 

1.3.1 Coagulation pathways  

  There are two pathways constituting the coagulation system, which are the extrinsic 

pathway, and the intrinsic pathway. These two pathways work in close vicinity to 

activate platelets that express a negatively charged lipoprotein called phosphatidyl 

serine (PS) (Bevers et al., 1982). The two pathways lead to the activation of coagulation 

factors FX to generate the activation product FXa which converts prothrombin to 

thrombin.  Thrombin in turn cleaves the soluble fibrinogen into insoluble fibrin (McGee 

& Li, 1991). Activation of the extrinsic pathway occurs when there is trauma in the 

blood vessel wall leading to release of the tissue factor from damaged endothelial cells 

as well as activated platelets and monocytes. Tissue factor binds to coagulation factor 

FVIIa which in turn converts coagulation factor FX into its active form FXa in a 

Calcium dependent manner (Mackman et al., 2007).  

The intrinsic pathway or the contact pathway initiates coagulation after contact between 

factor XII and collagen exposed surfaces. This contact leads to auto activation of factor 

XII in the presence of HMWK. The active factor XII (XIIa) cleaves pre-kallikrein (PK) 

into active kallikrein. Kallikrein can also activate factor XII leading to initiation of an 

activation loop. Active factor XII also convert coagulation factor XI into its active form 

i.e. FXIa. Factor XIa converts factor IX into its active form i.e FIXa.  FIXa cleaves FX 

into FXa in the presence of FVIII, phospholipids and Calcium. FXa cleaves 

prothrombin into thrombin in the presence of FV, calcium and Phospholipids. Thrombin 

then cleaves fibrinogen into fibrin forming a fibrin mesh to form a stable clot. The fibrin 

deposited on platelet surfaces binds to GPIIb/IIIa receptors and is stabilized by FXIIIa 

which is activated by thrombin in the presence of Calcium as a cofactor (Kenawy et al., 

2015; Palta et al., 2014; Triplett, 2000; Davie et al., 1991) 
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Both the extrinsic and the intrinsic pathways are regulated locally at the damage site. 

Their negative control mechanisms include the prevention of excessive conversion of 

prothrombin to thrombin, and the lysis of fibrin clots. Tissue Factor -FVII complex of 

the extrinsic pathway is inhibited by Tissue factor pathway inhibitor (TFPI), which also 

inhibits the activation of FX. Anti-thrombin inactivates FXa, thrombin and the extrinsic 

pathway and in addition has anti-inflammatory activity by down regulating complement 

activation by interacting with the complement serine proteases C1r and C1s and MASP-

1 and MASP-2(Paréj et al., 2013; Presanis et al., 2004). Anti-thrombin has been found 

to give significant protection in baboon model of sepsis. Thrombomodulin binds to 

thrombin and regulate its activity, while Protein C and protein S control FV and FVIII 

activation (Schouten et al., 2008; Walker & Fay, 1992). 

1.3.2 Platelets 

   Bizzozero described platelets at the end of the 19
th

 century. He defined them as a third 

cellular constituent of the blood in addition to red blood cells and white blood cells 

(Ribatti & Crivellato, 2007). Platelets are small cellular fragments in the blood 

measuring between 2 and 5 µm in diameter and 0.5µm thickness (White, 2007). In 

mice, platelets are similar to those in the human, but relatively smaller in size and more 

numerous. Platelet counts in mice may be as high as 1.1x10
6
/µl (JIROUSKOVA et al., 

2007). Platelets are small non-nucleated fragments of haemopoietic cells derived from 

the megakaryocytes in the bone marrow. Megakaryocytes are part of the bone marrow 

haemopoietic cells and constitute about 1% of the total haemopoietic cells population. 

Stimulation of megakaryocytes by thrombopoietin initiates a process called 

megakaryopoiesis. Megakaryocytes then adhere to the endothelial membrane of the 

bone marrow vascular sinuses giving pseudopodia-like structures that separate to form 

pro-platelets that become mature in the circulation by a process named thrombopoiesis 

(Beaulieu & Freedman, 2010).  

   The platelets play an important role in thrombosis, haemostasis, immunomodulation, 

and vascular inflammation (Aggrey et al., 2013; Aggrey et al., 2013). Platelets have two 

different granular compartments, α granules and dense granules. The granules act as 

reservoirs for thrombospondin, vonWillebrand factor (vWF), fibrinogen, fibronectin, 

platelet derived growth factor, β-thromboglobulin and coagulation factors V and VIII. 

On the other hand, the dense granules contain ATP, ADP and serotonin. Activation of 
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platelets leads to the release of factors into the circulation during thrombosis process 

(Triplett, 2000). Platelets can also be activated for example following exposure to toxins 

such as Lipopolysaccharides. Intravenous injection of mice with lipopolysaccharides 

leads to a rapid accumulation of platelets in the lung, liver, kidneys and other organs 

(Yu et al., 2005). 

1.3.3 von Willebrand factor (vWF)  

vWF is an important member of the coagulation system. It is a glycoprotein produced 

by endothelial cells and megakaryocytes. It is released via Weibel-Palade bodies of the 

endothelial cells, while the megakaryocytes liberate their vWF using intracellular 

granules named as alpha granules (McGrath et al., 2010). vWF is encoded by a 178-180 

kb gene with 52 exons located on the short arm of the 12
th

 chromosome. The primary 

translated protein encoded by a full-length mRNA transcript is composed of 2813 

amino acids including a 22 amino acid residues long signal peptide. Of those, 741 

amino acid residues comprise a pro-peptide sequence and 2050 amino acids which form 

the mature vWF subunit. The pro-peptide segment is proteolysed by furin, an enzyme in 

the Golgi apparatus which releases the mature vWF segment. The vWF protein structure 

is composed of four domains, which are A, B, C and D. They are arranged in pattern of 

serial repeats. The pro-peptide segment has only two domains (i.e. D1 and D2) while 

the mature vWF protein consists of D ′  - D3 - A1 - A2 - A3 - D4 B1 - B2 - B3 - C1 - 

C2 - CK domains (Haberichter, 2011). vWF fulfils two important functions in 

homeostasis, the first function is to chelate the platelets to each other and to the 

damaged endothelial walls of blood vessels; the second function is to stabilise FVIII and 

prevent its lysis and inactivation by protein C and factor Xa (Fujikawa et al., 2001). 

vWF facilitates the adhesion of platelets to thrombogenic surfaces under high shear 

conditions via a glycoprotein receptor on platelet surface called GP1b, which 

potentiates adhesion of platelets at the site of thrombosis (Wohner et al., 2012). Many 

factors determine the activity of vWF under normal conditions, but the most important 

factor is the multimer size of vWF itself. In the circulation vWF is available as an 

oligomer with various numbers of subunits, ranging between two and 40. The largest 

multimers of vWF may have molecular weights around 20000 kDa (Sadler, 1998). This 

multimer size and molecular weight are controlled by the proteolysis activity of 

enzymes that cleave the ultra-large vWF, which plays an important role in the 

prevention of thrombosis by limiting the size of circulating vWF, and prevent the 
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occurance of ultra-large vWF. Amongst the proteolytic enzymes that limit the size of 

native vWF, an enzyme called “A Disintegrin And Metalloprotease with A 

ThromboSpondin type I repeats-13” (ADAMTS-13) is the most important enzyme. 

ADAMSTS-13 and other granulocytes- proteases cleave vWF under high shear 

conditions (Pimanda & Hogg, 2002). In absence of ADAMTS-13, however, circulating 

vWF multimers remain too large which in turn can initiate thrombosis. The three 

dimensional conformation of vWF is another important factor in the regulation of vWF 

activity. Under normal blood flow conditions, the three-dimensional structure of vWF 

veils the platelet-binding domain (domain A) and prevents its attachment to 

thrombocytes. Under high shear conditions vWF loses this shield and unveils the 

domain A which then binds to platelets enabling platelet aggregation and thrombus 

formation (Siedlecki et al., 1996). 

 

Figure 1.7 Schematic presentation of vWF monomer molecule with its domains 

and their related functions 

 The N terminal sequrence includes the Signal peptide (1-22) then the pro-peptide 

sequence up to amino acid position 763 followed by the large  carboxy-terminal 

sequence of 2813 amino acids representing mature vWF. The binding site for factor 

VIII is located on domains D' and D3, while the platelet glycoprotein Ibα (GPIbα) 

binding site is located at the A1 domain. Domains A1 and A3 represent a collagen 

binding site while the integrin αIIbβIII binding site is located on the C1 domain. Tyr 

1605-Met 1606 is the cleavage site by ADAMTS-13 enzyme which is located in the 

center of A2 domain. The inter subunit disulphide bonds (S-S) between the D3 and CK 

domains are involved in the formation of vWF dimers or vWF multimers (Lancellotti et 

al., 2013). 
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1.3.4  ADAMTS-13 (a disintegrin and metalloprotease with 

thrombospondin type I repeats-13) enzyme 

ADAMTS-13 is a proteolytic enzyme expressed by hepatic cells, endothelial cells lining 

the blood vessels and megakaryocytes. ADAMTS-13 enzyme is responsible for 

cleavage and deactivation of multimeric vWF (Gandhi et al., 2012). Its plasma 

concentration is about 1 μg/ml and its half-life ranges between two and three days 

(George et al., 2002). Upon various pathological stimuli, ultra large vWF will be 

released by endothelial cells or platelets either to the blood stream or anchored to the 

surface of endothelial cells making strings that chelate the platelets aggregating them 

leading to platelet rich thrombi (Zheng, 2013). 

     ADAMTS-13 enzyme cleaves vWF subunit at the bond between Tyr842 and Met843 

or at the site between Tyr 1605- Met 1606. This cleavage decreases the size and 

multimers of VWF leading to inactivation of VWF and prevention of clumping of 

platelets (Wohner et al., 2012);((Zheng, 2013). This process renders the ULVWF to be 

a smaller size VWF with lower activity of interaction with platelets GPIb under normal 

conditions (Liu et al., 2011). ADAMTS-13 enzyme is released in its active form and not 

in zymogen form (Zhou et al., 2005). Under shearing forces of more than 20 dyne/cm
2
 

in the arterial circulation and more than 2.5 dyne/cm
2
 in the venous circulation 

ADAMTS-13 is released to deactivate ULvWF and prevent unwanted excess 

thrombosis and platelet aggregation regardless whether ULvWF is bound to the 

endothelial cells surface or free in plasma(Wu et al., 2006) Deficiency of ADAMTS-13 

enzyme was shown to predispose to thrombotic thrombocytopenic purpura (TTP) while 

low grade or moderate deficiency are regarded as risk factors for more severe 

myocardial infarction, stroke and ischemic reperfusion injury (Zheng, 2013). 

1.3.4.1 Structure of ADAMTS-13 enzyme 

   ADAMTS-13 is encoded by 37kb gene composed of 29 exons located on 

chromosome 9q34 (Levy et al., 2001). ADAMTS-13 has a molecular weight of about 

190kDa (Lancellotti et al., 2013). ADAMTS-13 is composed of a signal peptide, 

followed by pro-peptide and a metalloprotease domain respectively. The 

metalloprotease domain is bound to a disintegrin domain followed by a thrombospondin 
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type-1 domain, then a cysteine-rich domain, a spacer then more TSP-1 repeats.  Its C-

terminus is formed by two CUB domains (CUB1 and CUB2) ( see figure 8) (George et 

al., 2002). 

The function and structure of the domains comprising the ADAMTS-13 skeleton 

structure were studied thoroughly. The pro-peptide segment has been found to be 

different from pro-peptide segments in the other members of the ADAMTS family. The 

pro-peptide segment of the ADAMTS-13 enzyme is composed of 41 amino acids 

making it shorter than the other propeptide segments in the other ADAMTS enzymes, 

and in contrast to the other members of the ADAMTS family, it has no role in the 

secretory or in the functional phases of the enzyme, therefore the recombinant 

ADAMTS-13 enzyme which has no pro-peptide segment has been found to be fully 

functioning on its vWF substrate (Majerus et al., 2003). The metalloprotease domain 

and the disintegrin-like domain constitute one functional unit, and any defect in either 

of these two domains leads to loss of the enzymatic activity of the ADAMTS-13 

enzyme (de Groot et al., 2009; Gao et al., 2006). The absence of the Cysteine-rich 

domain or the spacer domain impairs ADAMTS-13 enzymatic activity against vWF and 

prevents the cleavage of ULvWF (Soejima et al., 2003). TSP-1 repeats of ADAMTS-13 

were found to be able to ameliorate platelet aggregation and adhesion via the binding of 

their free thiol groups with the free thiol groups on the surface of the VWF multimers 

preventing these vWF multimers from binding to each other to form larger multimers, a 

process that decrease thrombosis events (YEH et al., 2010; Xiao & Zheng, 2011). CUB 

domains are unique structural compartments of the ADAMTS-13 enzyme, which are 

not available in the other members of the ADAMTS family. The function of these 

CUBs is not fully clear but it has been suggested that they are important in the binding 

of vWF to the ADAMTS-13 enzyme helping in the cleavage process of the UL-vWF 

molecule by ADAMTS-13 enzyme (Zheng, 2013).   
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Figure 1.8 Schematic structure of ADAMTS-13 enzyme. 

 N-terminal (N), signal peptide (S), pro-peptide (P), metalloprotease (M), disintegrin 

(Dis), first thrombospondin type-1 repeat (1), Cysteine-rich domain (Cys), spacer 

domain (spa), more TSP type 1 repeats (2-8), CUB1 domain (C1), CUB2 domain (C2) 

(George et al., 2002). 

1.3.5 Platelets aggregation and thrombus formation  

      After trauma to blood vessels or activation of platelets, the active platelets release 

their stored factors and components in order to recruit other platelets. Platelets adhere to 

the injured blood vessel walls and VWF by two important receptors, which are 

glycoprotein (GP) Ib-IX-V and GPVI. Then platelets undergo cytoskeleton and 

morphological changes with increase expression of integrins, αIIBß3 (GpIIb-IIIa), 

binding to vWF, and fibrin (Andrews & Berndt, 2004). Activated platelets expose about 

45000 receptors sites for fibrinogen to allow fibrinogen deposition which in turn 

potentiates platelet aggregation for thrombus formation (Shattil et al., 1985). 

   Activation of platelets by vWF initiates signalling process through GPIb/V/IX 

complex and binds the platelets to the intimal layer of the blood vessels. GPIIb/IIIa will 

be activated as a consequence of the interaction between vWF and GPIB/V/IX. 

Fibrinogen binds to the adhered platelets (Luscher & Weber, 1993; Jurk & Kehrel, 

2005). 

1.4 Cross talk between the complement and the 

coagulation system 
   The presence of serine proteases in both systems and the proteolytic complexes 

formed following their activation leads to a series of events that either end in attacking a 

certain target in case of the activation of complement system or platelet aggregation, 

fibrin deposition and thrombus formation in case of the activation of the coagulation 

system. Serine protease enzymes from both systems have the ability to cleave some of 

the serine proteases in the other system, which may initiate the activation of the other 

system (Kenawy et al., 2015). The interaction between these two important systems 

plays a crucial role in limiting the spread of infections. Inflammation due to infection or 
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inflammatory diseases can activate the complement system and the coagulation system 

which potentiates thrombosis at the site of infection or inflammation (Amara et al., 

2008).  Studies on the cross-talk between the complement system and coagulation aim 

to understand the benefits and the complexity these two interacting enzymatic cascade 

systems. 

    Damage of the cellular membrane of endothelial cells leads to the release of tissue 

factor, and activation of the tissue factor pathway and activation of platelets and 

neutrophils (Markiewski et al., 2007). The anaphylatoxin C5a released from cleavage of 

complement C5 has been found to be able to induce the release of tissue factor from 

neutrophils via their C5a receptors leading to thrombotic events in many diseases 

including for example the anti-phospholipid syndrome (Ritis et al., 2006). The 

anaphylatoxin C3a released during the activation of complement C3 has the ability to 

activate platelets directly and promote their aggregation resulting in the release of 

serotonin into the circulation which in turn increases vasoconstriction (Polley & 

Nachman, 1983). Platelet cell membrane anchored MAC complexes change the polarity 

of the phospholipids on the outer surfaces of the platelets membrane to be negative 

increasing the surface area available to the conversion of prothrombin to thrombin by 

the Va/Xa prothrombinase enzyme complex. The MAC complex activates the effusion 

of α-granules to the cytoplasmic membrane of the platelets leading to the release of the 

platelet micro particles (MPs) (Sims et al., 1988). C1q, which is the recognition 

subcomponent of the classical pathway, interacts with platelets resulting in their 

activation and release of P-selectin and activation of GPIIb-IIIa (Peerschke et al., 1993).  

MASPs the enzymes of the lectin activation pathway of complement were also 

described to play a role in the activation of the coagulation system and contribute to 

thrombotic events under various pathological conditions. Activation of MASP-1 

promotes the deposition of fibrin through the cleavage of prothrombin to thrombin and 

the activation of the fibrin stabilising factor (factor XIII) and inhibition of fibrinolysis 

by activation of the thrombin activatable fibrinolysis inhibitor (TAFI) (Hess et al., 

2012) in addition to the thrombin-like effect of the L-ficolin and MBL-MASPs 

complexes on both fibrinogen and factor XIII where it can cleave fibrinogen into fibrin 

and cleaves factor XIII into active factor XIII (Krarup et al., 2008). Full-length and 

truncated recombinant MASP-2 initiates thrombosis when they cleave the prothrombin 

to thrombin leading to more fibrin and increase stability of fibrin by activation of the 
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fibrin stabilising factor (factor XIII) which is important to stabilise the fibrin clot 

(Krarup et al., 2007).  

   On the other hand, some of the coagulation factors contribute in the complement 

system activation and regulation. Thrombin has been found to activate complement 

system and MAC formation after cleavages of C5 at position R751 giving arise to C5a 

and C5b in a C3 independent pattern. However thrombin can also cleave C5 and C5b at 

other position, which is, R947 giving rise to two different products, which are C5bt and 

C5t and the newly formed C5bt can produce a very effective MAC in both serum and 

purified conditions, which is more effective than the MAC that arises from C5b after 

cleavage of C5 with C5 convertase enzyme (Krisinger et al., 2012).  Other coagulation 

factors were also found to be able to activate complement factors as FXa, FX1a, FIXa 

and plasmin, which have the ability to cleave C3 complement (Amara et al., 2008).  

1.5 Thrombotic thrombocytopenic purpura 
     In 1952 Symmers introduced the term thrombotic microangiopathy, which has been 

described as a thickening of the wall of capillaries or arterioles leading to the 

destruction of the endothelial cells which in turn exposes the endothelial basement 

membrane which induces the aggregation of platelets and a partial or complete vascular 

occlusion by thrombosis (SYMMERS, 1952), (Tsai, 2006).  

    Thrombotic thrombocytopenic purpura (TTP) is regarded as one of the serious rare 

thrombotic microangiopathies. The clinical picture of TTP is usually regarded as 

differential diagnosis of  the other member of thrombotic microangiopathy family, 

which is the haemolytic uremic syndrome (HUS).  Both pathologies present with very 

similar clinical manifestations. Clinically, TTP presents as haemolytic anaemia, 

thrombotic thrombocytopenia, hyperpyrexia, renal failure and neurological 

abnormalities ((Furlan & Lammle, 2001).  

1.5.1 Pathophysiology of TTP 

   TTP occurs due to the absence or as a result of insufficient activity of the enzyme 

ADAMTS-13 (for “a disintegrin and metalloproteinase with a thrombospondin type-1 

motif, member 13”– von Willebrand factor cleaving protein).  This defect impairs the 

ability of ADAMTS-13 to cleave and inactivate ULvWF, which in turn leads to platelet 

aggregation in the microcirculation of kidneys, heart and other organs and formation of 
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vWF-rich micro-thrombi that occlude the lumen of the capillaries in these organs 

(Chauhan et al., 2008b). This enzymatic abnormality may be congenital due to genetic 

defect in the expression of ADAMTS-13 leading to deficient or absent ADAMTS-13 

enzyme activity or may be due to autoimmune antibodies against ADAMTS-13 enzyme 

that deplete or neutralise the enzyme leading to poor or absent ADAMTS-13 functional 

activity (Fujikawa et al., 2001). TTP is a rare disease and occurs in approximately 6 

cases per million every year, mostly caused by auto antibodies against ADAMTS-13. 

TTP may also be iatrogenic and precipitated by certain medicines such as quinine, 

thienopyridine with ticlodipine, trimethoprim, simvastatin, and PEGy- lated interferon 

(Tsai, 2010). 

1.5.2 Congenital thrombotic thrombocytopenic purpura and 

ADAMTS-13 deficiency 

   Congenital thrombotic thrombocytopenic purpura (Upshaw/Schulman syndrome 

(USS)) is a rare disease with incidence less than 1 per 1000000 per year. It is due to 

genetic defects in ADAMTS-13 gene. More than 70 mutations in ADAMTS-13 gene 

have been reported as causes of congenital TTP, all of them are inherited in an 

autosomal recessive pattern. More than 60% of all genetic defects affecting the 

ADAMTS-13 enzyme that cause congenital TTP are located in the portion confined to 

the coding sequence for the N-terminal region of the enzyme which is responsible for 

the catalytic functions of the enzyme (Lotta et al., 2010; Levy et al., 2001).  

   The spectrum of the disease ranges from asymptomatic condition to severe fatal 

disease. Attacks from inherited TTP may start from birth or can manifest themselves in 

the second or third decade of life. Chronic complications may lead to organ damage due 

to ischemic injuries. The adult onset of disease is usually more aggressive than the 

childhood onset of TTP and present with a higher fatality rate (Furlan & Lammle, 

2001). Relapses after cure from first episodes of TTP may be encountered especially if 

the patients face strenuous surgery or trauma. Rose et al, 1987 found that about 37% of 

the survivors of the first attack may have one or two relapses later in their life which can 

be severe and associated with a high mortality rate (Rose & Eldor, 1987). 



Introduction 

33 
 

    Thrombocytopenia occurs due to wide spread thrombosis in the capillary blood 

vessels which depletes platelets from the circulation. Platelet aggregations are not 

always found in the capillaries, which may be due to rapid clearance of the affected 

platelets by the spleen and the reticulo endothelial system of the body explaining the 

absence of platelet aggregations from histological samples in many cases of TTP 

(TAUB et al., 1964). Destruction of red blood cells in the micro-blood vessels induces 

mechanical haemolytic anaemia with release of the intracellular lactate dehydrogenase 

enzyme leading to high level of LDH enzyme in the circulation of the poatients with 

TTP (Cohen et al., 1998). The distruction of the red blood cells lead to release of 

intracellular haemoglobin which uteliuses the plasma haptoglobin leading to low level 

or absence of haptoglobin in the plasma. High blood urea and impairment of renal 

functions are encountered in most of the cases of TTP (Scully et al., 2012). Patients 

may suffer from neurological signs and symptoms especially in severe cases and sudden 

death due to cardiac infarction is not uncommon among patients who developed acute 

attacks of TTP (Besbas et al., 2006). 

1.5.3 Animal models of TTP 

   The development of the ADAMTS-13 deficient mice provided better scientific basis 

to understand the pathophysiology, diagnosis and treatment of TTP. Motto et al. have 

developed a mouse model of TTP after establishing an ADAMTS-13-/- mouse line on 

CASA/Rk background, which phenotypically presents with a higher level of vWF. 

These mice were found to have episodes of spontaneous platelet consumption and 

thrombocytopenia and develop the clear pathological symptoms of TTP after their 

challenge with shigatoxin (which is a toxin encoded by a bacteriophage infecting some 

strains of E. coli that cause haemorrhagic diarrhoea and shigatoxin related haemolytic 

uremic syndrome (HUS) (Motto et al., 2005). Intravenous injection of recombinant 

vWF in a dose of 2000 iu/kg body weight into ADAMTS-13 KO mice on C57BL/6J-

129X1/SvJ background induced thrombocytopenia, high plasma LDH levels, low 

hematocrit, schistocytosis, necrosis and platelet aggregation in the heart, kidney and 

with full recovery and survival in all mice used in the experiment (Schiviz et al., 2012). 

The quantity of vWF appears to be an important compounding factor in the 

development of TTP in mice. Reports revealed that CASA/Rk genetic background have 

5-10 times higher vWF plasma levels than C57BL/6J-129X1/SvJ background and the 
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cross of CASA/Rk genetic background with the C57BL/6J-129X1/SvJ ADAMTS-13-/- 

mice leads to development of ADAMTS-13-/- mice with higher tendency to develop 

spontaneous low platelet count in comparison to C57BL/6J-129X1/SvJ ADAMTS-13-/- 

mice (Vanhoorelbeke & De Meyer, 2013). Non-human primate models (baboons) were 

also used but to study the acquired forms of TTP due to autoimmune antibodies against 

ADAMTS-13 enzyme. Thrombocytopenia, high LDH levels, vWF-rich micro-thrombi 

in tissues with poor fibrin deposition in kidneys, hearts and brains were described (Feys 

et al., 2010). 

1.5.4 Activation of complement in TTP  

   Complement activation has been reported in many studies done on TTP, HUS and 

aHUS. In a study investigating 8 patients with TTP with 4 of them showing 

autoimmune antibodies against ADAMTS-13 while the other 4 patients suffered from a 

congenital deficiency of ADAMTS-13, two patients in each of the two groups (i.e. 

50%) showed lower serum levels of complement factor C3 during acute attacks of the 

disease (Ruiz-Torres et al., 2005). Another study has been conducted on patients with 

auto-immune TTP, which includes 23 patients, compared to 17 healthy subjects. Highly 

significant levels of C3a and MAC complexes were discovered in sera of the TTP 

patients while in the healthy control subjects these parameters were not elevated. 

Likewise, the serum C3 levels in the patients were very low (Reti et al., 2012). Another 

study included 20 TTP patients with anti-ADAMTS-13 IgG antibodies. Serum samples 

were collected during the acute and remission phases. Serum levels of C3a, C5a, IL-2, 

IL-4, IL-6, IL-10, TNF alpha, INF gamma and IL-17a were measured. Levels of C3a, 

C5a, IL-6 and IL-10 were found to be significantly higher in the acute phase than during 

the remission stage (Westwood et al., 2013).  

   A therapeutic trial with Eculizumab (monoclonal anti-C5 inhibitory antibodies) has 

been carried out to treat a 12 year-old child who presented with haemolytic anemia, low 

platelet counts, acute renal failure and seizures and high plasma level of C5b9. The 

treatment was started because this patient was suspected to have aHUS as the 

underlaying cause of disease and the patient presented with high plasma levels of C5b-9 

(MAC).  However, laboratory results later revealed the complete absence of ADAMTS-

13 and an inherited deficiency of the ADAMTS-13 gene while no abnormality was 

found in the factor H genes with no any evidence for anti-FH antibodies. These results 
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confirmed that the underlying cause of disease was TTP rather than aHUS. The 

treatment with Eculizumab improved the clinical condition and the haematological 

picture and the renal function of this patient markedly improved. This case report 

suggests for the first time that the complement system plays a role in the 

pathophysiology of congenital TTP (Pecoraro et al., 2015). This complement role needs 

more extensive study to point out the exact role of the complement system in this 

syndrome in order to improve both diagnostic and therapeutic utilities that help in 

management of TTP. 

1.5.5 Diagnosis of (TTP):  

The clinical diagnosis of TTP is difficult since there are many conditions can be 

considered as differential diagnosis. As example of these numerous conditions are 

shigatoxin dependened and the shigatoxin independent haemolytic uremic syndrome, 

HELP syndrome, the iatrogenic (drug induced) thrombotic thrombocytopenic purpura, 

malignancies, catastrophic antiphospholid syndrome, Dessimenated intravascular 

coagulation (DIC) and severe bacterial or viral infections usually made depending on 

several laboratory tests (Shibagaki & Fujita, 2005). The level of ADAMTS-13 enzyme 

< 5% in the circulation is crucial for diagnosis of TTP (PEYVANDI et al., 2010). The 

presence or absence of auto - immune anti - ADAMTS-13 enzyme antibodies in 

patient’s sera differenciates between the autoimmune TTP and the congenital TTP 

(Ferrari et al., 2009).  Other important laboratory parameters that assess the severity of 

TTP include biochemical, haematological and histological parameters. The decline in 

the platelet counts is very important indicator of the severity of TTP attack. Platelets 

may reach a very low percentage due to their utelisation within the vWF rich platelet 

aggregates (Schiviz et al., 2012). High level of Lactate dehydrogenase enzyme activity 

in plasma of the patients due to release from the release from the destructed red blood 

cells is a common biochemical parameter used as indicator which reflects the extent of 

the disease (Besbas et al., 2006). The level of plasma haptoglobin is very important 

laboratory marker for the assessment and follows up of TTP patients.The released 

Hemoglobin from the hemolysed red blood cells utelises the plasma haptoglobin leading 

to a heavy decline in the plasma haptoglobin level. Plasma haptoglobin level returns to 

its normal level after recovery from the acute TTP attack (Tabbara, 1992). Renal 

function impairment is not uncommon in TTP patients therefore, the assessment of renal 
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function test as doing BUN level can reflect whether there is effect on kidney function 

or kidney integrity or not (Rock et al., 1991).         

1.5.6 Treatment of TTP 

The main stay in the treatment of TTP is plasma infusion, which is expensive; time 

consuming, needs skillful personels in addition to the risk of development of 

complications such as infection, local thrombosis, allergy and even death. Therefore 

scientific researchers are trying to find therapeutic substitutes with less complications 

and better outcome. Recombinant ADAMTS-13 enzyme, genetic manipulation and 

inhibitors of vWF–GPIb/IX/V interaction are currently studied to find a curative therapy 

for patients with TTP (Schiviz et al., 2012; Feys et al., 2010).  

1.6 Hypothesis 
The importance of the interactions and links between the complement system and the 

coagulation system is underlined by most recent discoveries analysing the 

pathophysiological processes involved in the development and maintenance of 

thrombotic Microangiopathies such as thrombotic thrombocytopenic purpura (TTP). My 

preliminary results generated in an in vivo mouse model of light/heat-induced 

thrombosis applying intravital microscopy clearly suggested a significant therapeutic 

benefit of lectin pathway inhibition targeting the lectin pathway effector enzyme 

MASP-2 with a monoclonal inhibitory anti-MASP-2 antibody to ameliorate the onset 

and severity of thrombotic disease. 

This hypothesis was subsequently tested in a mouse model of congenital thrombotic 

thrombocytopenic purpura using ADAMTS-13 deficient mice. 
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1.7    Aims of the study: 
The aims of this study are to: 

1- Establish a mouse model of thrombotic thrombocytopenic purpura by ip 

injection of vWF and Lipopolysaccharide from E. coli O111:B4 into ADAMTS-

13 KO mice. 

2- Assess the utility of inhibition of the lectin pathway of complement activation 

system in treatment of congenital Thrombotic thrombocytopenic purpura in the 

established mouse model using anti-MASP-2 antibodies OMS721-SGMI2 in 

comparison to the relevant isotype antibodies (ET-904)  and saline treated control 

groups.  

3- Compare the effect of the inhibition of the lectin pathway of complement 

activation system on different haematological, biochemical parameters as 

platelet counts, plasma lactate dehydrogenase activity level, plasma haptoglobin 

level and BUN in comparison to isotype Ab treated and saline treated mouse 

groups.  

4- Compare the effect of the inhibition of the lectin pathway of complement 

activation system on histopathological changes in the kidney tissues among the 

mouse groups treated with anti-MASP-2 antibodies, isotype antibodies and 

saline after performing Eosin/Haematoxylin, Sirius red histological staining, 

immunohistochemical staining of vWF rich microthrombi by staining of vWF, 

and immunohistochemistry of macrophages.   
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2 Chapter Two: Materials and Methods 

2.1  Materials 

2.1.1 Chemical materials 

Material Supplier 

1 kb plus DNA ladder Invitrogen 

10X TAE Generon 

2-Propanol Sigma-Aldrich 

2X MyTaq Red Mix Bioline 

6X DNA loading dye Thermo scientific 

Agarose, electrophoresis grade Melford 

Ammonium oxalate  Sigma –Aldrich 

Avidin/ Biotin  blocking kit Vector laboratories  

Barbital sodium Sigma-Aldrich 

Bovine Serum Albumin (BSA) Sigma-Aldrich 

Calcium chloride Sigma -Aldrich 

DAB peroxidase substrate kit Vector Laboratories 

Deoxyribo nucleotide PCR grade ,dNTP mix, 10 Mm Promega 

DNA polymerase enzyme Promega 

DPX Sigma-Aldrich 

Eosin stain Sigma-Aldrich 

Ethanol Fisher Scientific 

Ethidium bromide Sigma-Aldrich 

Ethylenediaminetetraacetic acid (EDTA) Sigma-Aldrich 

FITC Thermo Fisher 

Formaldehyde 37% Sigma-Aldrich 

Glacial acetic acid Fisher scientific 

Goat blocking serum for IHC Sigma- Aldrich 

H2SO4 Fisher scientific 

Haemate-p( vWF) CSL-Behring 

Hematoxylin Sigma-Aldrich 
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Horseradish peroxidase streptavidin Vector Laboratories 

Hydrochloric acid Fisher Scientific 

Hydrogen peroxide Sigma-Aldrich 

Immuno-pen Millipore 

Industrialized methylated spirit Department of chemistry, 

University of Leicester 

Isoflurane Abbott Laboratories 

Ketavet 100mg/ml Zoetis 

Lipopolysaccharide E.coli O111:B4 Sigma-Aldrich 

Mannan Sigma-Aldrich 

MgCL2  PCR solution 25 mM Thermo Scientific 

MgCl2 powder Sigma-Aldrich 

NaOH Sigma-Aldrich 

Oligo-primers Eurofins 

PBS tablets Sigma-Aldrich 

PCR reaction buffer IV 10X Thermo Scientific 

Picric acid Sigma-Aldrich 

Reagent diluents R and D system 

RNase A solution Thermo Scientific 

Sigma fast p-Nitrophenyl phosphate tablets Sigma-Aldrich 

Sirius red stain Sigma-Aldrich 

Sodium azide Sigma-Aldrich 

Sodium carbonate Sigma-Aldrich 

Sodium chloride Fishe scientific 

Sodium citrate  R and D system 

Sodium hydrogen carbonate Fisher scientific 

Sodium hydroxide Sigma-Aldrich 

TMB-ONE substrate Promega 

Tris-Hydrochloride Fisher Scientific 

Tween-20 Fisher-Scientific 

Xylazin hydrochloride 2% Prodivet pharmaceuticals   

Xylene Fisher Scientific 
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2.1.2  Antibodies  

Antibody Supplier 

 Goat anti-rabbit IgG (whole molecule)-

alkaline phosphatase  antibodies 

Sigma-Aldrich 

Goat anti-rat IgG - B antibodies Santa Cruz Biotechnology 

Isotype non-inhibitory  IgG antibodies  Omeros Corporation 

Polyclonal rabbit-anti human C3c 

antibodies 

Dako 

Rabbit anti-human  vWF antibodies Dako 

OMS 721-SGMI2 anti-MASP-2 

antibodies  

Omeros Corporation 

2.1.3 Kits 

Kit Supplier 

LDH activity estimation kit   Sigma-Aldrich 

Quantichrome Urea Assay kit BioAssay Systems 

Promega-Wizard Genomic DNA 

purification kit 

Promega 

Mouse haptoglobin duo set ELISA 

detection kit 

R and D systems 
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2.2 Thrombotic thrombocytopenic purpura: 
  

2.2.1 Animal study: 

  All animal work was done on ADAMTS-13 knockout mice on B6.129 background 

under the Animals Scientific Procedure Act (ASPA) 1986, project license (PPL) 

number 60/4327 and personal license (PIL) number l1CF84CBA, Department of 

Infection, Immunity and Inflammation, University of Leicester, UK. 

2.2.1.1 Mouse breeding: 

   Two heterozygous pairs of B6.129-ADAMTS-13
tm1Dgi/J 

mice were imported from 

Jackson Laboratories, USA. Breeding of these mice was done at the CRF building of 

University of Leicester to get knockout mice. Ear snips were used to genotype the mice 

offspring.  

2.2.1.2 Genotyping of ADAMTS-13 deficient mice with PCR: 

2.2.1.2.1    Isolation of genomic DNA from mouse ear snips 

   Genomic DNA was isolated from mouse ear snips (0.3 cm in diameter) using Promega 

Wizard Genomic DNA extraction kit. Samples were incubated overnight at 55°C with 

gentle shaking in a lysis buffer containing 250µl nuclei lysis solution plus 60µl of 0.5M 

EDTA and 10 µl of 20mg/ml proteinase K (Invitrogen). After the end of the incubation 

period, 1.5µl of RNase A solution (4 mg/ml) was added to each sample and mixed very 

well by inversion of the tubes for several times. The tubes were incubated at 37°C for 20 

minutes and samples were cooled to room temperature for 5 minutes. After the addition of 

100 µl of protein precipitation solution to each sample, the samples were vortexed at high 

speed for 20 seconds. Samples were chilled on ice for 5 minutes then centrifuged for 4 

minutes at 3000xg. The clear supernatant containing DNA was removed carefully and 

transferred into new sterile 1.5 ml micro-tube. Leaving the white precipitate that contains 

the proteins. 300 µl of room temperature iso-propanol were added to each sample and 

mixed by inverting the tubes several times precipitated the genomic DNA, which was 

obtained by centrifugation at 10000xg for 5 minutes at room temperature. The clear 

supernatant was removed carefully leaving the DNA pellet. The obtained DNA pellet was 

washed by adding 300 µl of 70% ethanol. Re-precipitation of the DNA was done by 

centrifugation at 10000 xg for 5 minutes. The DNA pellet was air dried for 20-30 
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minutes. DNA pellet was dissolved in 100 µl of DNase/RNase free water, and left 

overnight at 4°C. The extracted genomic DNA was then stored at 2-8°C.  

2.2.1.2.2 Detection of mutant band by PCR 

   ADAMTS-13 knockout mice and their wild type and heterozygous littermates were 

identified using the standard PCR reaction and gel electrophoresis using 2% Agarose gel 

for 50 minutes at 120 volt.  The mutant band gives a band of about 290 bp, the wild type 

band is 361 bp and the heterozygote has two bands of 290 bp and 361 bp.  Each PCR 

reaction mixture  was composed of:  

Material  Volume  

MgCl2 1.5 µl 

Reaction buffer 1.5 µl 

dNTP mix 0.3 µl 

Primer 1 1.5 µl 

Primer 2 1.5 µl 

Primer3 1.5 µl 

Taq-DNA polymerase 0.12 µl 

RNase/DNase free water 6.08 µl 

    

   The primers that were  used to identify the mouse genotype as wild type, heterozygous 

or knock out are purchased from Eurofins and they are: 

 

Primer Sequence  

0 1MR8008 wild type forward    AGCCCCAACTCTTGTCTTTTAAT (23) 

 

01MR8009 common     GAGTTGCTAGGTTATCAGGAAG (22)  

 

01MR8010 mutant forward TGGTTCTAAGTACTGTGGTTTCC (23) 
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2.2.1.3 Induction of Thrombotic thrombocytopenic purpura: 

   ADAMTS-13 KO mice on C57BL/6 background age 15-18 weeks were used in this 

model. They were injected intraperitonially (ip) with human plasma purified vWF-FVIII 

formula- Haemate-p (1200 iu vWF and 500 iu FVII) from CSL-Behring, UK, plus 

Lipopolysaccharide (LPS) from E. coli O111:B4 from Sigma-Aldrich, UK. 

2.2.1.3.1 Inhibition of the complement lectin pathway 

   The mice of each TTP experimental level were sorted into three groups. Mice of the 

first group were given intraperitoneal injections of inhibitory monoclonal anti-MASP-2 

antibodies (OMS721-SGMI2) from Omeros Corporation (Seattle, USA). The second 

group was given ip isotype non-inhibitory control antibodies (ET-904) from Omeros 

Corporation (Seattle, USA). The third group received only saline intraperitoneally.  The 

antibodies and the saline were given three times to each mouse on three different days 

in the last week before giving vWF and LPS. The first dose of the antibodies and saline 

was given 7 days before vWF and LPS injection (day -7), the second dose was given 4 

days before vWF and LPS (day-4), while the third dose was given only 1 day before 

vWF and LPS injection (day -1). Each Antibody (OMS7210-SGMI2 or ET-904) was 

given in a dose of 10mg/kg body weight in each time (i.e each mouse received 3 x 

10mg/kg) (Figure 2, 1).  

2.2.1.3.2 Dosing of vWF and LPS: 

 Optimization of TTP mouse model was done by ip injection of ADAMTS-13 KO mice 

with different doses of vWF and LPS. Three dosing protocols of ip vWF and LPS were 

used at three different experimental levels of induction of thrombocytopenia in the 

circulation of the used mice. 

    The first TTP mouse model experiment was initiated by ip injection of ADAMTS-13 

KO mice (n=36) with LPS E. coli O111:B4 in a dose of 0.5 mg/kg plus vWF (Haemate-

p) in a dose of 2000 iu/kg body weight. The second TTP mouse model experiment was  

done by ip injection of 18 ADAMTS-13 KO mouse with LPS E. coli O111:B4 in a dose 

of 2mg/kg plus vWF in a dose of 2000 iu/kg. The third TTP mouse model experiment 

was induced by ip injection of 36 ADAMTS-13 KO mice with LPS E. coli O111:B4 in 
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a dose of 2mg/kg plus vWF (Haemate-p) in a dose of 4000 iu/kg body weight (Figure 

2.1). 

2.2.1.3.3 Mice follow up during the experiment 

   Mice were observed and scored 12 hourly for 48 hours. Saphenous bleeding was done 

for each mouse on day 1 before vWF and LPS injection and the second one was 15 

hours after injection of VWF and LPS. Mice were culled humanely 48 hours after the 

second injection. Mice were culled by cervical dislocation following cardiac puncture 

under terminal anaesthesia. 

 Mice cadavers were then dissected and their kidneys were extracted, sliced into two 

longitudinal symmetrical halves and fixed in 4% formaldehyde in PBS for 48 hours at 

room temperature, then  preserved in 70% IMS. Mouse kidneys were then embedded in 

paraffin for sectioning and histological and immunological studies. 

2.2.1.3.4  Blood sampling and blood preparation  

   Blood samples were taken for platelet counts. Blood was collected from mice by 

either saphenous bleeding or by cardiac puncture under terminal anesthesia. Blood 

samples were either mixed with sodium citrate in a ratio of 1:10, which  was used to 

perform platelet counts, LDH activity estimation, haptoglobin level or without citrate 

for serum to perform complement studies or estimation of BUN level. 
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Figure 2.1 Flow chart for experimental model of thrombotic thrombocytopenic 

purpura on ADAMTS-13 KO mice with LPS, vWF dosing and inhibition of the 

lectin pathway of complement activation system.    

 

 

 

 

 

 

 

+48 hours , cardiac puncture under terminal anasthesia and blood collection , cull the 
mice and harvest the tissues 

+15    hours, Saphenous vein  blood sampling for platelet counts 

Day 0, 

 ip dose of vWF and LPS 

-1 day, blood sampling , platelet counts 

by saphenous bleeding and serum collected  

-1 day  ip dose of 10 mg/kg of OMS721-SGMI2 Abs or Isotype Abs, or saline 

-4 days,  ip dose of 10 mg/kg of OMS721-SGMI2or Isotype Abs, or saline  

-7 days,   ip dose of 10 mg/kg of OMS721-SGMI2 Abs or Isotype Abs, or saline 
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2.2.1.3.5 Platelet counting  

   Blood samples were collected either from saphenous vein or by cardiac puncture 

under terminal anaesthesia. The blood samples were mixed with sodium citrate (1 part 

sodium citrate plus 9 parts blood). Citrated blood samples were used to count platelets 

in mouse blood samples.  Volume of 20 microliters of the citrated blood was diluted in 

1% fresh filtered ammonium oxalate (Sigma-Aldrich) in a dilution of 1:200. Platelets 

were counted under phase contrast microscope using disposable improved neubauer 

(figure 2) chamber slides directly in duplicates. Samples were counted blindly.  The 

slides were kept for 15 minutes in humid environment before counting under 

microscope. 

The platelets were counted in the total 25 small squares in the middle of the slide 

(which has volume of 0.1µl) and multiplied by 1.1 as a correction factor for citrate ratio 

(1:10) and by (dilution factor) and by volume correction factor (10) to get number of 

platelets per microliter. 

 

Figure 2.2 Neubauer improved DHC-N01. Middle squares with the arrow pointing 

to  them are used to count platelets 

C-chip Neubauer improved DHC-NO1 (WWW.DIGITALBIO.COM) 

 

http://www.digitalbio.com/
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2.2.1.3.6  Lactate dehydrogenase activity assay in plasma 

   The level of plasma lactate dehydrogenase in mice plasma was estimated using 96 

well plates using LDH activity estimation kit from Sigma-Aldrich. NADH standard 

(1.25mM) was added in duplicates as 0, 2,4,6,8 and 10 µl generating 0 (blank), 2.5, 5, 

7.5, 10 and 12.5 nmol/well. 2 μl of mouse plasma diluted up to 50 μl in dilution buffer 

(provided in the kit) was added in duplicates in each corresponding well.  2 μl of 

substrate in 50 μl of dilution buffer was then added to each well containing sample or 

standard or blank. Then, the samples were mixed for 3 minutes and OD was estimated 

at 450 nm each 5 minutes of incubation at 37°C were used in each well. 

  LDH activity of the samples was estimated according to this equation: 

LDH Activity = B *Sample dilution/ Reaction time *Volume of the samples in 

millilitre. 

 B: is the amount of NADH released between the initial time of the reaction and the 

final time of getting the penultimate OD reading which lies within the OD of the 

standard curve generated from standard NADH provided with the kit. 

The LDH activity in the results was measured in milliunit / ml. 

2.2.1.3.7 Blood Urea Nitrogen (BUN) 

   Mouse plasma samples from ADAMTS-13 KO mice whether injected with VWF and 

LPS treated with the anti-MASP-2 inhibitory antibodies, isotype antibodies or saline 

control, or normal mice that did not receive any material were used to assess BUN level. 

Quantichrom quantitative colorimetric urea determination kit from BioAssay systems 

(USA) was used in these experiments. Undiluted plasma samples were used directly 

(n=1). In duplicates of 96 well plates, 5 l of undiluted plasma samples, blank (water), 

and the standard (50 mg/ml) were added followed by the addition of 200 l of the 

working solution that contains equal volume of solutions A and B provided in the kit. 

After very well mixing, plates were incubated for 20 minutes at room temperature, then 

the OD was determined using Biorad reader at wavelength of 430 nm.  

Calculations:    Blood urea =   (OD (430) Sample- OD (430) Blank /  OD (430) 

Standard -OD (430) Blank   * (N) *(STD) mg/dl.  
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N=dilution=1 

STD=standard concentration=50 mg/dl      .                                                                

BUN (mg/dl) = blood urea (mg/dl)/2.14 

2.2.1.3.8 Plasma Haptoglobin level estimation 

    ELISA Kit (R&D) was used to develop sandwich ELISA to estimate mouse plasma 

haptoglobin level. All reagents were wormed to room temperature before use, and all 

components were left to sit for at least 15 minutes with gentle shaking after initial 

reconstitution. Working dilutions were prepared and used immediately. Mouse 

haptoglobin capture antibody concentration is 240 μg/mL of rat anti-mouse haptoglobin 

antibody after reconstitution with 0.5 mL of PBS, the working concentration is 2 μg/ 

mL in PBS. Mouse haptoglobin detection antibody contains 15 μg/mL of biotinylated 

rat anti-mouse haptoglobin antibody after reconstitution with 1.0 mL of the reagent 

diluents (R&D Systems, Concentrate 2, Catalog # DY995), and the working 

concentration was 250 ng/mL in the reagent diluents. Mouse haptoglobin standard each 

vial contains 90 ng/mL of mouse haptoglobin when reconstituted with 0.5 mL of 

reagent diluent. A seven points standard curve using 2-fold serial dilutions in reagent 

diluent, and a high standard of 4000 pg/mL is recommended. Volume of 1000 μL of 

high standard per each 96 well plate assayed was prepared. 

2.2.1.3.8.1 Plate Preparation 

  Capture Antibody was diluted to the recommended working concentration in PBS. A 

96-well Micro-plate was coated with 100 μL per well of the diluted capture antibody. 

The plate was sealed and incubated over night at 4°C. Next day the plate was washed 

with 400 µl/well of washing buffer (0.5% v/v of tween 20 in PBS) three times. After the 

last wash, any remaining washing buffer was removed by inverting the plate and 

blotting it against clean paper towels. Plate was blocked by adding 300 μL of the 

reagent diluent to each well. Then the plate was incubated at room temperature for 2 

hours. After that washing of the plate three times was performed as previously describe.  

2.2.1.3.8.2 Assay Procedure 

 Hundred microliters samples (samples were diluted 1:100-1:50000) or standards 

diluted in the reagent diluents were added to each well.  The plate was sealed and 

incubated for 2 hours at room temperature. Then, plate was washed three times with 

washing buffer as described previously and followed by addition of 100 μL of the 



 Materials and Methods 

50 
 

detection antibody diluted in the reagent diluents to each well. After that the plate was 

covered with a new adhesive strip and incubated for 2 hours at room temperature. 

Washing with washing buffer was done again as described .Then addition of 100 μL of 

the working dilution of Streptavidin-HRP (diluted in the reagent diluents according to 

the stated dilution rate by manufacturer) to each well. The plate was sealed and 

incubated for 20 minutes in dark at room temperature. After that the plate was washed 

three times as described previously then100 μL of Substrate Solution TMB-ONE 

(Promega) was added  to each well and incubated in darkness for 20 minutes at room 

temperature. At the end the reaction was stopped by adding 50 µl of the stop solution 

(1N H2SO4) to each well. Gentle tapping of the plate was performed to ensure thorough 

mixing and the optical density of each well was measured immediately, using a micro-

plate reader set to 450 nm and 570 nm dual wave lengths. The concentration of the 

haptoglobin was estimated from standard curve that is generated by subtraction of the 

average zero standard optical density (O.D.) from the average of the duplicate readings 

for each standard, control, and sample has been done to create a standard curve to 

calculate concentrations of unknown samples using computer software Prism 6.  

2.2.1.3.9 Assessment of the efficacy of blocking the lectin pathway by 

Anti-MASP-2 antibodies using ELISA method 

   ELISA experiment was performed to assess the efficacy of the injected anti-MASP-2 

antibodies in blocking the lectin pathway of complement system. The used ELISA was 

designed to evaluate the C3 hydrolysis and C3c deposition produced by the lectin 

pathway from activated serum on the Mannan coated microtitre plates at high dilutions 

of serum samples 1:100. 

 Overnight coating of micro-titer plate with 100 µl of 10microgram/ml Mannan in 

coating buffer (15 mM Na2CO3, 35 mM NaHCO3, pH 9.6) . Next day plates were 

blocked with 1% Bovine serum albumin (1% w/v BSA, 140mM NaCl, 10mM Tris, pH 

7.4) for two hours at room temperature was performed.  Sera were diluted at 1:100 in 

barbital buffer saline BBS (4mM barbital, 1mM MgCl2, 145mM NaCl, 2mM CaCl2, pH 

7.4).Volume of 100 µl of the diluted sera was added to the each well, and incubated at 

37C° for 15 minutes.  After  three times washing of wells with 300 µl of washing buffer 

(140mM NaCl, 10mM Tris, 0.05% tween-20 and 5mM CaCl2, pH 7.4) , about 100 µl  of 

the primary antibody(Polyclonal Rabbit Anti-Human C3c complement anti body , 



 Materials and Methods 

51 
 

Dako) in a concentration of 1:5000 diluted in washing buffer was added  to each well 

and incubated for 1hour at room temperature. Wells were washed thrice. Then plates 

were incubated for one hour at room temperature with 100 µl/well of the secondary 

antibody (Anti-Rabbit IgG alkaline phosphatase produced in goat, Sigma) at 

concentration of 1:5000 in the washing buffer. At the end of the incubation the plates 

were washed with washing buffer as in previous steps. Excess of washing buffer was 

removed by light tapping of plate on clean piece of tissue. At the end volume of 100 

microliter of Substrate (Sigma Fast p-Nitrophenyl Phosphate tablets, Sigma) was added 

to each well and reading of results was done at 405 nm using BioRad micro titer plate 

OD reader.  

2.2.1.3.10 Histopathological study of TTP mouse model 

2.2.1.3.10.1 Preparation of tissues for histo- pathological study 

2.2.1.3.10.1.1 Tissue fixation 

   Tissues were dissected and fixed in 4% formaldehyde in PBS for 48 hours at room 

temperature then preserved in 70% IMS. Mouse kidneys were then embedded in 

paraffin for sectioning, histological and immunological studies. 

2.2.1.3.10.1.2 Rehydration and dehydration of sections 

   The paraffin embedded kidney sections were rehydrated and de-waxed by transferring 

the sections into two stations of Xylene, followed by two stations of 100% IMS, single 

station 90%, and single station 70 % and finally water, 5 minutes at each station. 

   Rehydrated sections were used in different histological and immunohistochemical 

staining techniques. At the end of tissues staining, samples were dehydrated in 70% 

IMS, 90% IMS, two stations of 100% IMS followed by imersion in two stations of 

Xylene, two minutes at each station, and mounting by DPX (Sigma-Aldrich) and 

covered by cover slips. 

2.2.1.3.10.2 Immunohistochemistry 

   After rehydration of tissue sections, and before the addition of the primary antibodies, 

blocking of the receptors that may induce cross reactivity with the antibodies was 

performed in order to avoid background.  Natural tissue peroxidases were blocked by 

3% H2O2 (Sigma-ALDRICH) for 15 minutes followed by three times wash with PBS 

each time for 5 minutes. Avidin-Biotin blocking kit (Vector Laboratories) was used to 
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block avidin and biotin sites on the tissue sections. Two drops of avidin were applied to 

the tissue sections for 15 minutes followed by two times washing with PBS, 5 minutes 

each time, then two drops of Biotin were applied to each section to block the biotin 

sites, incubated for 15 minutes followed by two times washing with PBS, each time 5 

minutes. Serum was used in blocking the sections for 1 hour. The source of the serum 

was determined according to the raising host of the used secondary antibodies. After the 

end of the blocking process, the primary antibodies diluted in the blocking serum and 

incubated over night at 4°C. Next day, sections washed thrice with PBS, 5 minutes each 

time, and then the biotinylated secondary antibodies diluted in PBS were added and 

incubated at room temperature for 30 minutes, followed by thrice washing in PBS. After 

washing, sections were incubated with one to two drops of horseradish peroxidase 

(ready to use) from Vector laboratories for 30 minutes followed by three times washing 

with PBS. DAB staining (Vector Laboratory), which was prepared by the mixing of two 

drops of DAB buffer supplied with the kit into 5 ml of distilled water followed by 

addition of 4 drops of DAB (supplied with the kit) and two drops of H2O2 (supplied 

with the kit). Volume of 100 µl of DAB was added to each section and incubated 2-10 

minutes to develop, then washed two times with water for 5 minutes each time. Samples 

were then dehydrated with IMS and xylene and mounted with DPX and finally covered 

by cover slips. 

2.2.1.3.10.2.1 Immunohistochemistry staining of vWF 

   Tissue sections were de-waxed and rehydrated, then blocked with 3%H2O2, Avidin 

(Vector Laboratories), Biotin (Vector Laboratories) for 15 minutes for each blocking 

step followed by blocking with serum using Goat serum (Sigma-Aldrich) diluted 10% 

in PBS for 1 hour. Sections were washed with PBS two times, 5 minutes each time 

following every blocking step. Samples were incubated overnight at 4°C with 100 μl of 

the primary antibodies (Rabbit anti- human vWF (Dako)) diluted 1:200 in 10% blocking 

buffer. On next day, the sections were washed thrice, each time for 5 minutes with PBS. 

Volume of 100μl of biotinylated goat-anti-rabbit secondary antibody (Santa Cruz) was 

added to each tissue sections in a dilution of 1:400 in PBS and incubated for 30 minutes 

at room temperature. Following thrice washing one or two drops of streptavidin, 

horseradish peroxidase (ready to use) from Vector laboratories were added to each 

section and incubated 30 minutes at room temperature, followed by thrice washing with 

PBS. Volume of 100 μl of DAB substrate (Vector laboratories) was added to the 
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sections and incubated for 8 minutes to develop brown color. Sections then washed 

twice by water each time for 5 minutes. At the end the sections were dehydrated using 

IMS and xylene, mounted with DPX (Sigma-Aldrich) and covered with cover slips and 

examined under light microscope.    

2.2.1.3.10.2.2 Immunohistochemistry staining of macrophages 

   Tissue sections were de-waxed and rehydrated then blocked with 3% H2O2, Avidin 

and Biotin (Vector Laboratories) for 15 minutes for each blocking step followed by 

blocking with Goat serum (Sigma-Aldrich) diluted 10% in PBS for 1 hour. Following 

every blocking step, sections were washed with PBS two times, 5 minutes each. After 

that, samples were overnight incubated at 4°C with 100 μl of the primary antibodies (rat 

anti- mouse F4/80 (Bio-Rad)) diluted 1:100 in the 10% goat serum in PBS. On next day, 

the sections were washed thrice with PBS, each time for 5 minutes. Volume of 100μl of 

biotinylated goat-anti-rat secondary antibody (Santa Cruz) was added to each tissue 

sections in a dilution of 1:200 in PBS and incubated for 30 minutes at room 

temperature. Following thrice washing one or two drops of streptavidin, horseradish 

peroxidase (ready to use) from Vector laboratories were added to each section and 

incubated for 30 minutes at room temperature, followed by thrice washing with PBS. 

Volume of 100 μl of DAB substrate (Vector laboratories) was added to the sections and 

incubated for 8 minutes to develop brown color. Sections then washed twice by water 

each time for 5 minutes. At the end the sections were dehydrated using IMS and xylene, 

mounted with DPX (Sigma-Aldrich) and covered with cover slips to be ready for 

examination under light microscope.      

2.2.1.3.10.3 Hematoxylin and Eosin staining (H/E staining) 

   Staining of tissue sections was performed using H/E staining to screen tissues 

integrity and necrosis in addition to the ability to get clear view for both intracellular 

and extracellular structures.  

   Sections were placed in Hematoxylin stain (Sigma-Aldrich) stain for 5 minutes, 

washed by running water for 5 minutes, then placed in Eosin stain (Sigma-Aldrich) for 

three minutes after that washed again with running tap water. The nuclei appeared blue, 

the muscle appeared dark pink, collagen appeared light pink and the red blood cells 

cytoplasm appeared orange/red. At the end the sections were dehydrated using IMS and 
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xylene, mounted with DPX (Sigma-Aldrich) and covered with cover slips to be ready 

for examination under light microscope.      

2.2.1.3.10.4  Sirius red staining 

   After DE-wax and hydration of the paraffin embedded sections tissue sections were 

stained in picro-sirius red (0. 5gm of F3B from Sigma-Aldrich plus 500 ml water plus 

1.3% v/v of picric acid from Sigma-Aldrich) for one hour, then washed in four changes 

of acidified water (6ml of acetic acid, Fisher Scientific in 1 L water), each change for 5 

minutes. The excess water was removed from the slides by vigorous shaking. After that 

slides were dehydrated  by ethanol and xylene and mounted in DPX. Collagen appears 

red on pale yellow background. At the end the sections were dehydrated using IMS and 

xylene, mounted with DPX (Sigma-Aldrich) and covered with cover slips to be ready 

for examination under the light microscope.      

2.2.1.3.10.5 Tissue sections imaging process 

   In brief, 24 bit colour images were captured from sequential non-overlapping fields of 

the kidney section. Sections were imaged and analysed blindly after section titles being 

sealed, randomised and given different numbers.The images were analyzed and 

assessed using image j software. After each image capture, the freeware program NIH 

Image was used to extract the red channel as an 8 bit monochrome image. Unevenness 

in the background illumination was subtracted using a pre-recorded image of the 

illuminated microscope field with no section in place.  The image was subjected to a 

fixed threshold to identify areas of the image corresponding to the staining 

positivity.  The percentage of black pixels was then calculated, and after all the images 

around the kidney had been measured in this way the average percentage was recorded, 

providing a figure corresponding to the percentage of antibody binding or special 

stained area in the kidney section.  A set of macros were written to automate this 

process. 
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2.3 Intra vital microscopy and FITC photo-

illumination technique for induction of thrombosis  
   These experiments were done in Walter-Brendel Center for Experimental Medicine in 

Munich, Germany with the help of Prof. Markus Sperandio and Dr. Andreas Margraf. 

Animal work was done under the authorities of rules of Walter-Brendel Center for 

Experimental Medicine. 

2.3.1 Animals and inhibition of the lectin pathway 

 C57BL male mice 13 weeks of age were used in all these experiments. Mice were 

provided by the same centre. Mice were divided into 2 groups. The first group was 

given monoclonal human anti-MASP-2 antibodies OMS721 (provided by Omeros 

Corporation, Seattle, USA) in a dose of 10mg/kg in two divided doses. The first dose 

was given intraperitonially 12 hours before the experiment and the second dose was 

given by intra arterial route 10 minutes before experiment. The second group wild type 

mice were injected with isotype control antibody (ET-904) in the same dose of OMS721 

to exclude the effect the immunoglobulin. 

2.3.1.1 Procedure 

2.3.1.1.1 Preparation of supersaturated physiological saline  

The physiological saline was applied on Cremaster muscle during dissection and 

preparation in order to prevent dryness of the muscle. It is prepared as following: 

Solution 1: prepared from dissolving of NaCl 292.9 gm, KCl 13.3 gm, CaCl2 11.2 gm, 

MgCl2 7.7 gm in 3.8 L of Deionised water. 

 Solution 2: prepared by dissolving of NaHCO3 57.5 gm in 3.8 L of deionised water. 

The infusion saline was prepared as the following: 200mL solution 1+ 200mL solution 

2+ 1600 ml of deionised water. The solution was gassed on the day of experiment with 

N2 95% and CO2 5% using a foam dispenser to decrease the level of O2 to decrease its 

effect on the blood vessel constriction.  

2.3.1.1.2 Induction of anesthesia 

   Induction of anaesthesia by intramuscular injection of 300 μl of anaesthetic mixture 

which composed of 100 μl of ketavit (100 mg/ml), 100 μl Xylazin hydrochloride 2% 

and 800 μl physiological saline. Mice anaesthesia level was checked periodically during 



 Materials and Methods 

56 
 

the experiment and on need 50 μl of the anaesthesia were given to boost the level of 

anaesthesia at each time. 

2.3.1.1.3 Preparation of the Cremaster muscle 

  The mouse was placed on the heating plate of the microscope stage to prevent loss of 

body temperature. The mouse was fixed by tape on the stage and start dissection of 

mice under dissecting microscope (Olympus BX51W1). Endo tracheal tube was 

inserted into the mice trachea, and then arterial catheter was inserted. Dissection of the 

cremaster muscle was done under microscope and then the mouse was transferred to the 

examination stage of the intravital microscope. Supersaturated physiological saline was 

infused continuously to prevent the dehydration and dryness of the Cremaster muscle 

(Figure 2.3 and Figure 2.4.A, B). 

2.3.1.1.4 Photo-illumination stage 

 Blood flow velocity and vessel diameter were checked for each tested blood vessel.   

FITC 10% (w/v) was prepared by dissolving 10 mg from Fluorescein Iso Thio Cyanate-

Dextran1gm (Sigma-Aldrich) in 100 ml of deionised water and kept in dark at 4°C. 

Intra-arterial injection of 60 μl of FITC 10 %, waiting for 10 minutes after injection, 

then photo-illumination started by exposure of the vessel of choice to laser beam 

(Olympus burner device (AU-RFL-T), high pressure mercury bulb) to induce vessel 

endothelial wall injury, which induces thrombosis. Observation of the thrombotic events 

and time required for the occlusion of the examined blood vessel (Figure 2.3 and Figure 

2.4.C, D). 

2.4 Statistics   
   All graphs and statistical calculations were performed using graphpad Prism software. 

Data were represented as mean ± SD or SEM. Statistical comparisons and level of 

significance (P-value) was estimated using two way ANOVA test for platelet counts 

and body weight changes. Tukey
,
s multiple comparison tests were performed to 

compare groups and measure the p-values and level of significance of the difference 

between  groups at different time points during the experiments (time 0, 15 hours and 

48 hours). One way ANOVA has been done to evaluate the p-value between groups of 

study for LDH, BUN, Haptoglobin, and immunohistochemistry.Tukey
,
s multiple 

comparison test  was used to compare data obtained from groups and estimate the p-

values. Unpaired-t-test was used to estimate P-value and level of significance difference 
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between the the used mouse groups within the photo-illumination mouse model of the 

Cremaster muscle microcirculation thrombosis under the intravital microscope.  

 

 

    

 

Figure 2.3 Flow chart of procedure work on C57BL/6 male cremaster muscle for 

Intra vital microscopy and FITC photo-illumination technique for induction of 

thrombosis 
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Figure 2.4 Intra vital microscopy and FITC photo-illumination technique for 

induction of thrombosis in cremaster muscle C57BL/6 male mice after inhibition of 

lectin pathway.  

A and B: Theseimages show anasthetised mouse with carotid artery catheter(1), 

tracheostomy for endotracheal tube (2), dissected Cremaster muscle (3 and 4). C: Image 

shows the intravital microscope instrument (5) giving illumination on the dissected 

Cremaster (6). D. the gun of the microscope in a situation of light emission directed on 

the mouse Cremaster muscle (6).  
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3 Chapter Three: Results 

3.1 Body weight changes of ADAMTS-13 deficient 

mice after receiving different doses of vWF and 

LPS with or without inhibition of the lectin 

activation pathway of the complement system  
 

3.1.1 Body weight changes after i.p. injection of mice with 

vWF (2000 iu/kg) plus LPS 0.5mg/kg body weight with 

or without inhibition of the lectin activation pathway of 

the complement system  

   ADAMTS-13 deficient mice received lipopolysaccharide from E.coli O111:B4 

(Sigma) at a dose of 0.5mg/kg plus 2000 iu/kg (Haemate-p) vWF. Mice ((n=12) were 

either pretreated with a monoclonal inhibitory anti-MASP-2 antibody (i.e. OMS721-

SGMI2) (10 mg/kg/dose given i.p.) in three doses at day -7, day -4 or day -1 before they 

were challenged by the injection with vWF and LPS. The same number of  sex and age-

matched ADAMTS-13 deficient mice were pretreated with 3 doses of an isotype control 

IgG antibody (E-T904) given on day -7, -4 and -1 at a concentration of 10mg/kg/dose in 

parallel with the OMS721-SGMI2 treated group (n=12). An additional age and sex-

matched ADAMTS-13 deficient mouse group) (n=12) was pretreated with saline 

injections given at days -7,-4 and -1. The body weight of all mice was measured in 

grams before giving vWF and LPS (time 0) and after 48 hours.  

 The mean ±SD of groups at time point 0 was 25.225 ± 3.12 gm for saline treated 

control group, 25.08 ± 3.24 gm for isotype Ab treated control group, and 24.99 ±2.69 

gm for the OMS 721-SGMI2 treated mouse group. The body weight of all groups 

declined significantly over time after vWF and LPS injections (P-value ≤0.0001). The 

mean weight ±SD of all groups after 48 hours was determined to be 23.08±2.749 gm for 

the saline treated group while the mean weight ±SD of the isotype treated group is 

22.9±2.764 gm and for OMS721-SGMI2 treated group is 23.33 ±2.77 gm. There were 

no significant differences between the control groups, P-value >0.05.  



Results 

61 
 

   A comparison between the study groups after 48 hours post vWF and LPS ip 

injections revealed non-significant statistical weight differences throughout all 

experimental groups with a P-value>0.05(Tukey
,
s multiple comparison test). The saline-

treated group lost about 8.5% from weight; the isotype pre-treated control group lost 

about 8.7% of weight, while the OMS721-treated group lost 6.65% of weight. The mean 

difference between the saline treated control group and isotype antibody treated control 

group is 0.175 gm, while  the mean difference between saline treated control group and 

OMS721-SGMI2  antibody treated group is 0.25 gm, and the mean difference between 

OMS721-SGMI2 treated and isotype treated groups is 0.425 gm (see figure 3.1. and 

tables 3.1 and 3.2.). 
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Figure 3.1 Body weight changes in ADAMTS-13 deficient mice after ip injection 

with a single dose of 2000 iu/ kg of vWF plus 0.5 mg /kg of LPS with or without 

inhibition of the lectin activation pathway of complement system  

Mice received either the inhibitory anti-MASP-2 monoclonal antibody OMS721-SGMI2 or a 

non-inhibitory isotype control antibody (E-T904) at a dose of 10 mg/kg bodyweight per dose, 

or saline in three doses (at days -7, -4, and -1) (n=12 per group). Subsequently, the mice were 

challenged with i.p. dosing of vWF (Haemate-p) at a dose of 2000 iu/kg plus LPS (E.coli 

O111:B4) at a dose of 0.5mg/kg. Body weight was measured at time points 0 and at 48 hours 

after vWF and LPS injection. Statistics using two way Anova tests revealed a significant 

decline in body weight over time in all groups by ordinary two way anova  (p-value ≤0.0001) 

with no significant differences among the experimental groups using Tukey
,
s multiple 

comparison test (p-value >0.05).  
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Table 3.1 Statistical analysis of p-values and mean differences  in  body weight 

changes of the different experimental groups shown in figure 3.1 after i.p. 

injection of mice with a single dose of vWF (2000 iu/ kg) plus LPS (0.5 mg /kg) 

with or without inhibition of the lectin pathway 

Mice received either the inhibitory anti-MASP-2 monoclonal antibody OMS721-SGMI2 or 

a non-inhibitory isotype control antibody (ET-904) at a dose of 10 mg/kg bodyweight per 

dose, or saline in three doses (at days -7, -4, and -1) (n=12 per group). Subsequently, the 

mice were challenged with i.p. dosing of vWF (Haemate-p) at a dose of 2000 iu/kg plus LPS 

(E.coli O111:B4) at a dose of 0.5mg/kg. Body weight was measured at time points 0 and at 

48 hours after vWF and LPS injection. Statistics using two way Anova tests revealed a 

significant decline in body weight over time in all groups by ordinary Two way anova test  

(p-value ≤0.0001) with no significant differences among the experimental groups using 

Tukey
,
s multiple comparison test  (p-value >0.05).  

 

  Two way Anova Tukey
,
s test multiple comparisons 

Time 

point 

Groups compared Summary of 

P-value 

 

Means 

difference 

gm 

Time 

0 

 

Saline treated control group vs. Isotype 

Ab treated control group NS >0.05 0.1417 

Saline treated control group vs.  

OMS 721-SGMI2 treated mouse group 

 

NS >0.05 0.2333 

Isotype Ab treated control vs.  

OMS 721-SGMI2 treated mouse group 

 

NS >0.05 0.09167 

48 

hrs 

Saline treated control group vs.  

Isotype Ab treated control NS >0.05 0.1750 

Saline treated control group vs. 

 OMS 721-SGMI2 treated mouse group 

 

NS >0.05 0.2500 

Isotype Ab treated control vs.  

OMS 721-SGMI2 treated mouse group 

 

NS >0.05 0.4250 
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Table 3.2 Mean standard error of the mean and standard deviation of body 

weight changes of the mouse groups in figure (3.1) post i.p. injection of 

ADAMTS-13 deficient mice with vWF 2000 iu/kg and LPS 0.5 mg/kg with or 

without inhibition of the lectin pathway 

Mouse groups include the saline treated control group (n=12), isotype Ab (ET-904) 

treated group (n=12), and OMS721-SGMI2 treated group (n=12) which were all 

challenged with vWF (2000 iu/kg) and LPS (0.5 mg/kg). The body weight was 

measured at time point 0 and after 48 hours post injection with vWF and LPS. 

 

 

 

 

 

 

 

 

 

 

Time 

point Mouse groups Mean gm SEM gm SD gm 

Time 

0 

 

Saline treated control group 25.225 0.9025322 3.126463 

Isotype Ab treated control group 25.08333 0.9361295 3.242848 

OMS 721-SGMI2 treated mouse 

group 24.99167 0.7777647 2.694256 

48 hrs 

Saline treated control group 23.08333 0.7938049 2.749821 

Isotype Ab treated control group 22.90833 0.7981473 2.764864 

OMS 721-SGMI2 treated mouse 

group 23.33333 0.7996527 2.770078 
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3.1.2 Body weight changes after i.p. injection of ADAMTS-13 

deficient mice with vWF 2000 iu/kg plus LPS 2 mg/kg 

body weight with or without inhibition of lectin pathway 

of the complement system 

   ADAMTS-13 deficient mice received lipopolysaccharide from E.coli O111:B4 

(Sigma) 2 mg/kg plus 2000 iu/kg (Haemate-p) vWF. These mice were either given 

monoclonal inhibitory anti-MASP-2 antibodies (OMS721-SGMI2) or isotype control 

antibodies (ET-904)  in a dose of 10 mg/kg/dose for three doses in the last week before 

injection with vWF and LPS (i.e days -7,-4 and -1), or saline (n=6 per each group). The 

body weight of these mice have been measured before giving vWF and LPS (time 0) 

and after 48 hours.  

   The mean ±SD of groups at time 0 is 26.71 ±3.1 gm for saline treated control group, 

27.3 ±3.2 gm for isotype Ab treated control group, and 26.56 ±2.94 gm for OMS 721-

SGMI2 treated mouse group. Body weight of all groups declined significantly with 

time, P-value ≤0.0001 (ordinary two way anova). Saline treated group lost about 11.3% 

from their weight and the isotype treated group lost about 13.1% from their weight 

while the OMS721 lost 9.4% from their weight. The mean ±SD of groups after 48 hours 

was determined to be 23.66 ±3.01 gm for the saline treated group, while the mean ±SD 

of the isotype treated group is 23.73 ±2.38 gm and for OMS721-SGMI2 treated group 

24.217 ±2.33 gm. 

    No significant difference was observed among groups under study regarding their 

body weight changes where P-value >0.05(Tukey
,
s multiple comparison test). The mean 

differences between saline treated control group and isotype antibodies treated group 48 

hours after injection of vWF and LPS between is 0.06 gm, while the mean difference 

between saline treated control group and OMS721-SGMI2 antibodies treated group is 

0.55 gm, and the mean difference between OMS721-SGMI2 treated and isotype treated 

groups is 0.48 gm (Figure 3.2. and Tables 3.2 and 3.3).   
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Figure 3.2 Body weight changes of ADAMTS-13 deficient mouse groups 

after i.p. injection with single dose of vWF 2000 iu/ kg plus LPS 2 mg /kg 

with or without inhibition of the lectin pathway 

Mice received either the inhibitory anti-MASP-2 monoclonal antibody OMS721-

SGMI2 or a non-inhibitory isotype control antibody (ET-904) at a dose of 10 mg/kg 

bodyweight per dose, or saline in three doses (at days -7, -4, and -1) (n=6 per group). 

Subsequently, the mice were challenged with i.p. dosing of vWF (Haemate-p) at a dose 

of 2000 iu/kg plus LPS (E.coli O111:B4) at a dose of 2mg/kg. Body weight was 

measured at time points 0 and at 48 hours after vWF and LPS injection. Statistics using 

two way Anova tests revealed a significant decline in body weight over time in all 

groups using ordinary two way anova test (p-value ≤0.0001) with no significant 

differences among the experimental groups usibg Tukey
,
s multiple comparison test (p-

value >0.05).  
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Table 3.3 Statistical analysis of p-value and means difference of the body weight 

changes of mouse groups in figure (3.2) after i.p. injection of mice with a single 

dose of vWF 2000 iu/ kg plus LPS 2 mg /kg with or without inhibition of the lectin 

pathway 

Mice received either the inhibitory anti-MASP-2 monoclonal antibody OMS721-

SGMI2 or a non-inhibitory isotype control antibody (ET-904) at a dose of 10 mg/kg 

bodyweight per dose, or saline in three doses (at days -7, -4, and -1) (n=6 per group). 

Subsequently, the mice were challenged with i.p. dosing of vWF (Haemate-p) at a dose 

of 2000 iu/kg plus LPS (E.coli O111:B4) at a dose of 2mg/kg. Body weight was 

measured at time points 0 and at 48 hours after vWF and LPS injection. Statistics using 

two way Anova tests revealed a significant decline in body weight over time in all 

groups using ordinary two way anova  (p-value ≤0.0001) with no significant differences 

Two  ways Anova Tukey
,
s multiple comparison test 

Time 

point 

Groups compared Summary 

of P-

value 

 

Means 

difference 

gm 

Time 0 

 

Saline treated control group vs. 

 Isotype Ab(ET-904)  treated control 

group NS>0.05 0.6000 

Saline treated control group vs.  

OMS 721-SGMI2 treated mouse group 

 

NS>0.05 0.1500 

Isotype Ab(ET-904)  treated control vs.  

OMS 721-SGMI2 treated mouse group 

 

NS>0.05 0.7500 

48 hrs 

Saline treated control group vs.  

Isotype Ab treated control(ET-904) NS>0.05 0.06667 

Saline treated control group vs. 

 OMS 721-SGMI2 treated mouse group 

 

NS>0.05 0.55 

Isotype Ab(ET-904)  treated control vs.  

OMS 721-SGMI2 treated mouse group 

 

NS>0.05 0.48 
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among the experimental groups  using Tukey
,
s multiple comparison test (p-value 

>0.05).  

 

Table 3.4 Mean, standard error of the mean, and standard deviation of body 

weight changes of mouse groups in figure (3.2) post i.p. injection of ADAMTS-

13 deficient mice with vWF (2000 iu/kg) and LPS (2 mg/kg) with or without 

inhibition of the lectin pathway 

Mouse groups include saline treated control group (n=6), isotype Ab(ET-904)  treated group 

(n=6), and OMS721-SGMI2 treated group (n=6) that challenged with vWF 2000 iu/kg and 2 

mg/kg of LPS. Body weight was measured at time 0 and after 48 hours post injection of 

vWF and LPS. 

 

 

 

 

 

 

Time 

point Mouse groups Mean gm SEM gm SD gm 

Time 0 

 

Saline treated control group 26.71667 1.266864 3.103171 

Isotype Ab treated control group 27.31667 1.312864 3.215846 

OMS 721-SGMI2 treated mouse 

group 26.56667 1.20185 2.94392 

48 hrs 

Saline treated control group 23.66667 1.229273 3.011091 

Isotype Ab treated control group 23.73333 0.9749073 2.388026 

OMS 721-SGMI2 treated mouse 

group 24.217 0.953 2.3342 



Results 

68 
 

3.1.3 Body weight changes after i.p. injection of mice with 

vWF (4000 iu/kg) plus LPS (2 mg/kg) body weight with 

or without inhibition of the lectin pathway of 

complement activation     

 ADAMTS-13 deficient mice received lipopolysaccharide from E.coli O111:B4 (Sigma) 

2 mg/kg plus 4000 iu/kg (Haemate-p) vWF. These mice were given either monoclonal 

inhibitory anti-MASP-2 antibodies (OMS721-SGMI2) 10 mg/kg/dose for three doses in 

the last week before injection with vWF and LPS (i.e days -7,-4 and -1) (n=12), or 

isotype non-inhibitory control IgG antibodies(ET-904)  10mg/kg/dose in three doses in  

the same session of OMS721-SGMI2 injection (n=12) or saline (i.e days -7,-4 and -1 

)(n=12). The body weight of these mice was measured before giving vWF and LPS 

(time 0) and after 48 hours.  

 The mean ±SD of groups at time 0 is 25.9 ±3.063 gm for saline treated control group, 

26.317 ±3.285 gm for isotype Ab treated control group, and 26.233 ± 2.101 gm for 

OMS721- SGMI2 treated mouse group. Body weight of all groups declined 

significantly with time using ordinary two way anova (P-value ≤0.0001). Saline treated 

group lost about 14.7% from their weight and the isotype treated group lost about 

15.8% from their weight while the OMS721 lost 13.6% from their weight. The Mean 

±SD of groups after 48 hours was estimated and it is 22.1± 3.034 gm for the saline 

treated group, while the Mean ±SD of the isotype treated group is 22.1±2.5 gm and for 

OMS721-SGMI2 treated group is 22.6±1.7 gm. No significant effect for the treatment 

on body weight changes was observed among the whole groups where P-value >0.05 

using Tukey
,
s multiple comparison test.  The mean differences between saline treated 

control group and isotype antibodies treated group 48 hours after injection of vWF and 

LPS between is 0.03 gm, while the mean difference between saline treated control 

group and OMS721-SGMI2 antibodies treated group is 0.54 gm, and the mean 

difference between OMS721-SGMI2 treated and isotype treated groups is 0.50 gm 

(Figure 3.3 and Tables 3.5 and 3.6).   
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Figure 3.3 Body weight change in ADAMTS-13 ko mice after i.p. injection 

with vWF 4000 iu/ kg plus LPS 2mg /kg with or without inhibition of the lectin 

pathway 

Mice received either the inhibitory anti-MASP-2 monoclonal antibody OMS721-SGMI2 or 

a non-inhibitory isotype control antibody (ET-904) at a dose of 10 mg/kg bodyweight per 

dose, or saline in three doses (at days -7, -4, and -1) (n=12 per group). Subsequently, the 

mice were challenged with i.p. dosing of vWF (Haemate-p) at a dose of 4000 iu/kg plus 

LPS (E.coli O111:B4) at a dose of 2mg/kg. Body weight was measured at time points 0 and 

at 48 hours after vWF and LPS injection. Statistics using two way Anova tests revealed a 

significant decline in body weight over time in all groups using ordinary anova test  (p-

value ≤0.0001) with no significant differences among the experimental groups sing Tukey
,
s 

multiple comparison test (p-value >0.05).  
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Table 3.5 Statistical analysis of p-value and mean differences of the body 

weight changes of mouse groups in figure (3.3) after i.p. injection of mice 

with single dose of vWF 4000 iu/ kg plus LPS 2 mg /kg with or without 

inhibition of the lectin pathway. 

Mice received either the inhibitory anti-MASP-2 monoclonal antibody OMS721-

SGMI2 or a non-inhibitory isotype control antibody (ET-904) at a dose of 10 mg/kg 

bodyweight per dose, or saline in three doses (at days -7, -4, and -1) (n=12 per 

group). Subsequently, the mice were challenged with i.p. dosing of vWF (Haemate-

p) at a dose of 4000 iu/kg plus LPS (E.coli O111:B4) at a dose of 2mg/kg. Body 

weight was measured at time points 0 and at 48 hours after vWF and LPS injection. 

Statistics using two way Anova tests revealed a significant decline in body weight 

over time in all groups using ordinary anova  (p-value ≤0.0001) with no significant 

differences among the experimental groups using Tukey
,
s multiple comparison test 

(p-value >0.05).  

Two ways Anova  Tukey
,
s multiple comparison test 

Time 

point Groups compared 

Summary 

of P-value 

 

Means 

difference  

gm 

Time 0 

 

Saline treated control group vs. 

 Isotype Ab(ET-904)  treated control 

group  NS >0.05 
0.4167 

Saline treated control group vs.  

OMS 721-SGMI2 treated mouse group 

 

 NS >0.05 
0.3333 

Isotype Ab(ET-904)  treated control vs.  

OMS 721-SGMI2 treated mouse group 

 

 NS >0.05 
0.08333 

48 hrs 

Saline treated control group vs.  

Isotype Ab(ET-904)  treated control  NS >0.05 
0.03333 

Saline treated control group vs. 

 OMS 721-SGMI2 treated mouse group 

 

 NS >0.05 
0.5417 

Isotype Ab(ET-904)  treated control vs.  

OMS 721-SGMI2 treated mouse group 

 

 NS >0.05 
0.5083 
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Table 3.6 Means, standard error of the means and standard deviations of body weight 

changes of mouse groups in figure (3.3) post i.p. injection of ADAMTS-13 deficient mice 

with vWF 4000 iu/kg and LPS 2mg/kg with or without inhibition of the lectin pathway 

Mouse groups include Saline treated control group (12), isotype Ab(ET-904)  treated group 

(n=12), and OMS721-SGMI2 Abs treated group (n=12) that were challenged with i.p. 

injection with vWF 4000 iu/kg and LPS 2 mg/kg. Body weight was measured at time 0 and 48 

hours post injection of vWF and LPS. 

 

 

 

 

Time 

point Mouse groups Mean  gm SE M gm SD gm 

Time 

0 

 

Saline treated control group 25.900 0.8841192 3.062679 

Isotype Ab(ET-904)  treated control 

group 26.31667 0.9484304 3.285459 

OMS 721-SGMI2 treated mouse 

group 26.23333 0.6064468 2.100793 

48 hrs 

Saline treated control group 
22.100 

 
0.8758546 

 
3.034049 

 

Isotype Ab(ET-904)  treated control 

group 22.1 
0.7253352 

 
2.512635 

 

OMS 721-SGMI2 treated mouse 

group 22.6 
0.49105 

 
1.701047 
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3.2 Hematological and Biochemical Characterization 

of TTP mouse model  

3.2.1 Changes in platelet counts 

3.2.1.1 Decline of platelets in circulation of ADAMTS 13 deficient mice 

in relation to increasing doses of vWF and/or LPS.  

   The intraperitoneal injection of ADAMTS-13 ko mice with vWF (Haemate-p) (CSL-

Behring) 2000 iu/kg plus 0.5mg/kg lipopolysaccharide from E.coli O111:B4 (Sigma) 

induced a significant decline in platelet counts over 48 hours post injection. ADAMTS-

13 knockout mice that received vWF plus LPS reserved about 43.66% and 20.9 % of 

their original platelet counts at 15 hours and 48 hours post the injection with vWF and 

LPS respectively (n=12). Increasing the dose of the lipopolysaccharide to 2mg/kg with 

keeping the dose of vWF at 2000 iu/kg has been found to potentiate the platelet  count 

decline over the 48 hours post vWF and LPS injection. The mice only kept only 26.04% 

and 10.16% of their platelets in their circulation at 15 hours and 48 hours post VWF and 

LPS intraperitoneal injection (n=6). ADAMTS-13 ko mice showed more decline in their 

platelet counts after further increase of the dose of vWF from 2000 iu/kg to 4000iu/kg 

accompanying 2mg/kg LPS of E.coli O111:B4. At 15 hours post injection of vWF and 

LPS platelets remaining in the circulation of ADAMTS-13 deficient mice declined to 

15.79% and at 48 hours declined to 5.15% of the numbers determined at time point 0 

(n=12)  (Table3.7). 
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Table 3.7  Percentage of platelets remaining in circulation of three groups of 

ADAMTS-13 ko mice injected ip with three different doses of vWF and LPS 

E.coli O111:B4. 

 First group (n=12) was injected ip with LPS 0.5mg/kg plus VWF 2000iu/kg. Second 

group (n=6) was injected ip with LPS 2mg/kg plus VWF 2000 iu/kg and the third group 

(n=12) was injected ip   with LPS 2mg/kg plus VWF 4000 iu/kg.     

 

 

 

 

 

 

 

Mouse groups % of platelets 

preserved in the 

circulation after 

15 hr 

% of platelets 

preserved in the 

circulation after 

 48 hr 

Ip injected   with vWF 

2000 iu/kg plus LPS 

0.5mg/kg        ( n=12) 

43.66 20.9 

Ip injected  with  vWF 

2000 iu/kg plus LPS 2 

mg/kg        ( n=6) 

26.05 10.6 

Ip injected with vWF 

4000 iu/kg plus LPS 2 

mg/kg (n=12) 

15.8 5.157 
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3.2.1.2 Platelet count changes in the TTP mouse model with or without 

inhibition of the lectin pathway of complement.  

3.2.1.2.1 . Platelet counts changes after ip injection of mice with vWF 

2000 iu/kg plus LPS 0.5mg/kg body weight with or without 

inhibition of lectin pathway  

 ADAMTS-13 ko Mice received lipopolysaccharide from E.coli O111:B4 (Sigma) 

0.5mg/kg plus 2000 iu/kg (Haemate-p) vWF. These mice were sorted into three groups 

(n=12/group) according to the treatment type that they received. These groups were 

given either monoclonal inhibitory anti-MASP-2 antibodies (OMS721-SGMI2) 10 

mg/kg/dose for three doses in the last week before injection with vWF and LPS (i.e 

days -7,-4 and -1), or isotype non-inhibitory control IgG antibodies(ET-904) 

10mg/kg/dose in three doses in the same session of OMS721-SGMI2 injection or saline 

(i.e days -7,-4 and -1). 

  Inhibition of the lectin pathway of complement activation system by intraperitoneal 

injection of ADAMTS-13 ko mice with mice OMS721-SGMI2 monoclonal inhibitory 

anti-MASP-2 antibodies shows that the treated ADAMTS-13 ko mice preserved 

significantly more platelets in their circulation than those treated with saline or isotype 

control antibodies. Platelet counts were measured at 15 hours or 48 hours after injecting 

these mice with vWF and LPS.  

     About 53.15 % (Mean±SD) (447.167±77.91)x10
3
/µl of platelets were preserved in 

circulation of OMS721-SGMI2 treated mice after 15 hours from injection with vWF 

and LPS in comparison to 43.66% (373±61.07) x10
3
/µl, and 42.83% (381.416±38.46) 

x10
3
/µl in both saline treated control mice group and isotype antibodies treated control 

mice group with p-values ≤0.01 and ≤0.05 respectively.  

   After 48 hours from injection of ADAMTS-13 knockout mice with vWF and LPS, it 

is clear that mice treated with OMS721-SGMI2 Abs kept platelets of about 31.88% 

(268.250±39.393) x10
3
/µl while  the isotype antibodies treated mice group kept about 

22.08%(196.66±15.51)x10
3
/µl and saline treated mice group kept only 

20.91%(178.7±37.95) x10
3
/µl. Statistically there is a significant difference between the 

OMS721-SGMI2 treated mice group and the saline treated or the isotype antibodies 

treated groups with p-values ≤0.001 and≤0.01 respectively (Tukey
,
s multiple comparison 

test) (Figure 3.4, Tables 3.8 and 3.9). 
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Figure 3.4 Platelet counts in ADAMTS-13 ko mice after ip injection with single 

dose of vWF 2000 iu/ kg plus 0.5 mg/kg LPS with or without inhibition of the lectin 

pathway 

Mice received either monoclonal inhibitory anti-MASP-2 antibodies OMS721-SGMI2 

or isotype control antibodies(ET-904)  10 mg/kg per dose or saline in three doses (day -

7, -4, -1) (n=12 per group). After that mice were challenged with LPS (E.coli O111:B4) 

in dose of 0.5mg/kg plus vWF in a dose of 2000 iu/kg on day 0. The platelets were 

counted at time 0 before giving vWF and LPS, 15 hours and 48 hours after injection of 

vWF and LPS. Statistics using two way Anova test shows a highly significant effect of 

disease protection measured by more reservation of platelets in the circulation after 

giving anti-MASP-2 antibodies in comparison to saline injected or isotype antibodies 

treated mice. P-values measured by Tukey
,
s multiple comparison test at 15 hours are ≤0.01 

and ≤0.05 respectively, while at 48 hours they are ≤0.001 and≤0.01 respectively.  
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Time 

point 

Mouse groups Mean 

x10
3
/µl 

SEM 

x10
3
/µl 

SD x10
3
/µl 

Time 0 

 

Saline treated control group 854.250 26.98565 

 

93.48104 

Isotype Ab(ET-904)  treated control 

group 

890.483 

 
 

22.23702 

 

77.031 

OMS 721-SGMI2 treated mouse 

group 

841.2333 

 

32.62895 

 

113.030 

 

15 hrs 

Saline treated control group 373 17.63004 

 

61.07224 

Isotype Ab(ET-904)  treated control 

group 

381.417 11.10314 

 

38.462 

OMS 721-SGMI2 treated mouse 

group 

447.1667 

 

22.49136 

 

77.91235 

 

48 hrs 

Saline treated control group 178.7083 10.95557 

 

37.9512 

Isotype Ab(ET-904)  treated control 

group 

196.667 4.479894 

 

15.519 

OMS 721-SGMI2 treated mouse 

group 

268.250 

 

11.3719 

 

39.393 

 

Table 3.8 Means, standard error of the means and standard deviations of platelet 

counts changes in mouse groups in figure (3.4) post ip injection of ADAMTS-13 ko 

mice with vWF 2000 iu/kg and 0.5 mg/kg LPS with or without inhibition of the 

lectin pathway 

Mouse groups include saline treated control group (n=12), isotype Ab(ET-904)  treated 

group (n=12), and OMS721-SGMI2 treated group (n=12) that were challenged with 

2000 iu/kg vWF (Haemate-p)  plus 0.5mg/kg LPS( E.coli O111:B4) .These counts were 

measured at time 0, 15 hours and 48 hours post ip injection of mice with vWF and LPS.  
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Table 3.9 Statistical analysis of p-value and mean difference of platelet counts 

reserved in the circulation of mouse groups in figure (3.4)  after ip injection of 

mice with vWF 2000 iu/ kg plus 0.5 mg/kg LPS with or without inhibition of the 

lectin pathway 

 Mice received either monoclonal inhibitory anti-MASP-2 antibody OMS721-SGMI2 or 

isotype control antibody(ET-904)  10 mg/kg per dose in three doses (day -7, -4, -1) (n=12 per 

group). Then the mice were given ip dose of vWF (2000 iu/kg) and LPS (E.coli O111:B4) 0.5 

mg/kg. Statistics using two way Anova tests shows a highly significant effect of disease 

protection measured by the reservation of more platelets in the circulation after giving anti-

MASP-2 antibodies at both 15 hours and 48 hours post giving the mice vWF and LPS in 

comparison to saline treated or isotype antibodies treated mouse groups. 

 

Two ways Anova  Tukey
,
s multiple comparison test 

Time 

point Groups compared 

significance 

of  P-value 

Mean 

difference 

x10
3
/µl 

Time 

0 

 

Saline treated control group vs. 

 Isotype Ab(ET-904)  treated control group NS >0.05 16.98 

Saline treated control group vs.  

OMS 721-SGMI2 treated mouse group 
 

NS >0.05 18.32 

Isotype Ab(ET-904)  treated control vs. 

 OMS 721-SGMI2 treated mouse group 
 

NS >0.05 1.342 

15hrs 

 Saline treated control group vs.  

Isotype Ab(ET-904)  treated control group NS >0.05 4.057 

Saline treated control group vs. 

 OMS 721-SGMI2 treated mouse group 
 

 Yes **P ≤ 

0.01 100.3 

Isotype Ab(ET-904)  treated control vs. 

 OMS 721-SGMI2 treated mouse group 
 

Yes *P ≤ 

0.05 96.25 

 

 

48 hrs 

 
 
 
 

Saline treated control group vs. 

 Isotype Ab treated control group NS >0.05 

0.08000 

Saline treated control group vs.  

OMS 721-SGMI2 treated mouse group 
 

Yes ***P ≤ 

0.001 

94.90 

Isotype Ab(ET-904)  treated control vs.  

OMS 721-SGMI2 treated mouse group 
 

Yes **P ≤ 

0.01 

94.98 
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3.2.1.2.2 Platelet counts changes after ip injection of mice with vWF 

2000 iu/kg plus LPS 2mg/kg body weight with or without 

inhibition of lectin pathway.  

   Increasing the intraperitoneal dose of the lipopolysaccharide from E.coli 

O111:B4(Sigma)  from 0.5mg/kg to 2mg/kg and keeping vWF (Haemate-p) dose 2000 

iu/kg leads to more decline in platelet counts than previously used dose of LPS from 

E.coli O111:B4(Sigma) which was 0.5 mg/kg plus 2000iu/kg vWF(Haemate-p). At this 

stage of 4 times higher dose of LPS, the inhibition of the lectin pathway via OMS721-

SGMI2 monoclonal inhibitory anti-MASP-2 antibodies still proves efficient in 

providing treated mice with a significant higher preserved platelet counts in their 

circulation than controls. 

   ADAMTS-13 ko mice that received three doses of 10 mg/kg/dose of OMS721-

SGMI2 on days-7,-4,and -1(n=6) before ip injection of LPS and vWF reserved 38.9% 

(364.166±29.15) x10
3
/µl of their original platelet counts at 15 hours post VWF LPS 

injection. On the other hand the mice that received isotype control IgG antibodies (ET-

904)in three doses of 10mg/kg/dose (n=6) or saline (n=6) reserved 25.23% 

(222.83±63.4) x10
3
/µl and 26.74% (219.16±38.35) x10

3
/µl respectively. AT 48 hours 

post injection of LPS and vWF, mice that are treated with anti-MASP-2 antibodies still 

reserve more platelets 24.7% (230.8±43.82) x10
3
/µl which is significantly higher than 

platelet counts preserved in the circulation of mice treated with saline 10.43% 

(85.5±25.45) x10
3
/µl or isotype antibodies10.25% (90.58±24.82) x10

3
/µl. OMS721-

SGMI2 anti-MASP-2 antibodies help the treated mice to preserve more statistically 

significant platelet counts than isotype Ab treated or saline treated at 15 hours and 48 

hours after vWF and LPS injection with p-value≤0.01 at the two time points  (Figure 

3.5, Tables 3.10, and 3.11). 
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Figure 3.5 Platelet counts in ADAMTS-13 ko mice after ip injection with 2000 

iu/kg vWF plus 2mg/kg LPS with or without inhibition of the lectin pathway 

 Mice received either monoclonal inhibitory anti-MASP2 antibody OMS721-SGMI2 or 

isotype antibody (ET-904) 10 mg/kg per dose or saline in three doses (day -7, -4, -1) 

(n=6 per group). After that mice received ip challenge with vWF in a dose of 2000 iu/kg 

plus E.coli O111:B4 in a dose of 2mg/kg body weight on day 0.  Statistics using two 

way Anova tests shows that OMS721-SGMI2 anti-MASP-2 antibody help the treated 

mice to keep more statistically significant platelet counts than isotype antibody treated 

or saline treated at 15 hours and 48 hours after vWF and LPS injection with p-

value≤0.01 at the two time points using Tukey
,
s multiple comparison test.   
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Table 3.10 Mean, standard error of the mean and standard deviation of platelet 

counts changes in mouse groups in figure (3.5) post ip injection of ADAMTS-13 ko 

mice with vWF 2000 iu/kg and LPS 2mg/kg with or without inhibition of the lectin 

pathway 

Mouse groups include saline treated control group (n=6), isotype Ab treated group 

(n=6), and OMS721-SGMI2 treated group (n=6) that were challenged with 2000 iu/kg 

vWF (Haemate-p) plus 2/kg LPS (E.coli O111:B4) .These counts were measured at 

time 0 before injection of mice with LPS and vWF, 15 hours and 48 hours post ip 

injection of mice with vWF and LPS.  

 

 

 

 

 

 

 

Time 

point 

Mouse groups Mean 

x10
3
/µl 

SEM 

x10
3
/µl 

SD 

x10
3
/µl 

Time 0 

 

Saline treated control group 819.500 

 
 

27.08474 66.3438 

 

Isotype Ab (ET-904) treated control 

group 

883.1667 

 

57.94274 

 

141.9302 

OMS 721-SGMI2 treated mouse 

group 

934.3333 

 

47.40371 

 

116.1149  

 

15 hrs 

Saline treated control group 219.1667 

 

15.65975 

 

38.3584 

Isotype Ab(ET-904)  treated control 

group 

222.8333 

 

25.88361 

 

63.40163 

OMS 721-SGMI2 treated mouse 

group 

364.1667 

 

11.90075 

 

29.15076 

 

48 hrs 

Saline treated control group 85.500 

 

10.3915 

 

25.45388 

 

Isotype Ab(ET-904)  treated control 

group 

90.58334 

 

10.13609 

 

24.82824 

 

OMS 721-SGMI2 treated mouse 

group 

230.8333 

 

17.89305 

 

43.82884 
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Table 3.11 Statistical analysis of p-value and  mean difference of platelet counts 

reserved in the circulation of mouse groups in figure (3.5) after ip injection of mice 

with single dose of 2000 iu/kg vWF plus 2mg/kg LPS with or without inhibition of 

the lectin pathway  

Mice received either monoclonal inhibitory anti-MASP2 antibody OMS721-SGMI2, or 

isotype control antibody(ET-904)  10 mg/kg per dose or saline in three doses (day -7, -4, 

-1) (n=6 per group. Statistics using two way Anova test shows that OMS721-SGMI2 

anti-MASP-2 antibodies help the treated mice to keep more statistically significant 

platelet counts than isotype Ab treated or saline treated at 15 hours and 48 hours after 

vWF and LPS injection with p-value≤0.01 at the two time points(Tukey
,
s multiple 

comparison test). 

  

Two ways Anova  Tukey
,
s multiple comparison test 

Time 

point 
Groups compared 

Summary of 

P-value 

Mean 

difference 

x10
3
/µl 

Time 0 

 

Saline treated control group vs. 

 Isotype Ab(ET-904)  treated control group Ns>0.05 63.67 

Saline treated control group vs. 

 OMS 721-SGMI2 treated mouse group 
 

Ns>0.05 114.8 

Isotype Ab(ET-904)  treated control vs.  

OMS 721-SGMI2 treated mouse group 
 

Ns>0.05 51.17 

15 hrs 

 Saline treated control group vs. 

 Isotype Ab(ET-904)  treated control Ns>0.05 3.667 

Saline treated control group vs.  

OMS 721-SGMI2 treated mouse group 
 

Yes **≤ 0.01 145.0 

Isotype Ab(ET-904)  treated control vs.  

OMS 721-SGMI2 treated mouse group 
 

Yes **≤ 0.01 141.3 

48 hrs 

Saline treated control group vs.  

Isotype Ab(ET-904)  treated control Ns>0.05 -5.083 

Saline treated control group vs.  

OMS 721-SGMI2 treated mouse group 
 

Yes ** ≤0.01 -145.3 

Isotype Ab(ET-904)  treated control vs.  

OMS 721-SGMI2 treated mouse group 
 

Yes **≤ 0.01 -140.3 
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3.2.1.2.3 Platelet counts changes after ip injection of mice with vWF 

4000 iu/kg plus LPS 2mg/kg body weight with or without 

inhibition of lectin pathway  

   Higher doses of vWF (Haemate-p) 4000 iu/kg plus 2mg/kg LPS from E.coli O111:B4 

(Sigma) was given to another group of ADAMTS-13 ko mice (n=36). These mice were 

divided into three groups. Each group composed of 12 mice. These groups were given 

either three times saline ip prior to vWF and LPS dosing or three doses of anti-MASP-2 

antibodies (OMS721-SGMI2), or isotype control IgG antibodies(ET-904)  in a dose of 

10 mg/kg/dose. Dosing of mice was done on days -7,-4 and -1 before giving vWF and 

LPS.  

   Mice treated with OMS721-SGMI2 Ab still have the ability to keep more significant 

number of platelets than the control groups. Mice treated with OMS721-SGMI2 

preserved about 27.6% (241.34± 34.57) x10
3
/µl of their original platelets counts at 15 

hours following ip injection of the mice with vWF and LPS in comparison to 15.7% 

(140.82± 26.33) x10
3
/µl and 16.56% (144.882± 28.74) x10

3
/µl for saline and isotype 

treated controls.  

 On the other hand after 48 hours from injection of mice with vWF and LPS, the mice 

that were treated with OMS 721 preserved about 16.13% (140 ± 18.75 x10
3
/µl) of their 

original platelets counts in comparison to 5.15%(45.99± 10.09) x10
3
/µl and 5.24% 

(45.91± 16.7) x10
3
/µl in saline and isotype treated controls. These results indicate that 

OMS721-SGMI2 Ab treated mice preserve higher significant platelet counts than 

isotype treated and saline treated groups at 15 hours or 48 hours post injection of vWF 

and LPS with p-value ≤0.0001 at each comparison using Tukey
,
s multiple comparison test    

(Figure 3.6, Tables 3.12 and 3.13). 
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Figure 3.6 Platelet counts ADAMTS-13 ko mice after ip injection with single dose 

of 4000 iu/kg vWF plus 2mg/kg LPS with or without inhibition of the lectin 

pathway 

. Mice received either monoclonal inhibitory anti-MASP-2 antibody OMS721-SGMI2 

or isotype control antibody(ET-904)  10 mg/kg per dose or saline in three doses (day -7, 

-4, -1) (n=12 per group. Then mice were challenged with ip vWF in a dose of 4000 

iu/kg plus LPS in a dose of 2mg/kg body weight on day 0.  Statistics using two way 

Anova tests revealed that OMS721-SGMI2 anti-MASP-2 antibodies help the treated 

mice to keep more statistically significant platelet counts than isotype Ab treated or 

saline treated at 15 hours and 48 hours after vWF and LPS injection with p-value 

≤0.0001 at the two time points(Tukey
,
s multiple comparison test).   
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Table 3.12 Mean, standard error of the mean and standard deviation of platelet 

counts changes in mouse groups in figure (3.6) post ip injection of ADAMTS-13 

deficient mice with vWF 4000 iu/kg and LPS 2 mg/kg with or without inhibition of 

the lectin pathway 

Mouse groups include saline treated control group (n=12), the isotype Ab(ET-904)  

treated group (n=12), and OMS721-SGMI2 treated group (n=12) which were 

challenged later on with 4000 iu/kg vWF (Haemate-p) plus LPS( E.coli O111:B4) at a 

concentration of 2mg /kg body weight. The platelet counts were measured at time points 

0 before injection with vWF and LPS, 15 hours and 48 hours post i.p. injection of mice 

with vWF and LPS.  

 

 

 

 

 

 

Time 

point 

Mouse groups Mean 

x10
3
/µl 

SEM 

x10
3
/µl 

SD x10
3
/µl 

Time 

0 

 

Saline treated control group 891.8475 

 

16.8206 

 

58.26827 

 

Isotype Ab(ET-904)  treated control 

group 

874.870 

 

25.71351 

 

89.0742 

 

OMS 721-SGMI2 treated mouse 

group 

873.5275 

 

15.54607 

 

53.85318 

 

15 hrs Saline treated control group 140.8252 

 

7.602791 

 

26.33684 

 

Isotype Ab(ET-904)  treated control 

group 

144.882 

 

8.296523 

 

28.740 

 

OMS 721-SGMI2 treated mouse 

group 

241.134 

 

9.979206 

 

34.56899 

 

48 hrs Saline treated control group 45.99667 

 

2.913352 

 

10.09215 

 

Isotype Ab(ET-904)  treated control 

group 

45.91667 

 

4.826471 

 

16.71939 

 

OMS 721-SGMI2 treated mouse 

group 

140.900 

 

5.414186 

 

18.75529 
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Table 3.13 Statistical analysis of p-value and mean difference of  platelet counts 

kept in the circulation of mouse groups in figure (3.6) after ip injection with vWF 

4000 iu/ kg plus LPS 2mg /kg with or without inhibition of the lectin pathway  

ADAMTS-13 deficient mice received either monoclonal inhibitory anti-MASP-2 

antibody OMS721-SGMI2, or isotype antibody(ET-904)  both at concentrations of 10 

mg/kg body weight per dose or saline in three doses (day -7, -4, -1) (n=12 per group). 

After that, mice were challenged with a dose of vWF (Haemate-p) 4000 iu/kg body 

weight plus LPS (E.coli O111:B4) at 2mg/kg body weight. Statistics using two way 

Anova test shows a highly significant effect of disease protection measured by the 

reservation of platelets in the circulation after giving anti-MASP-2 antibodies at both 15 

hours and 48 hours post giving the mice vWF and LPS in comparison to groups treated 

with saline or isotype antibodies. 

Two way Anova  Tukey
,
s multiple comparison test 

Time 

point 
Groups compared 

Summary 

of P-value 

 

Mean 

difference 

x10
3
/µl 

Time 0 

 

Saline treated control group vs. 

 Isotype Ab(ET-904)  treated control 

group NS>0.05 16.98 

Saline treated control group vs.  

OMS 721-SGMI2 treated mouse group 
 

NS>0.05 18.32 

Isotype Ab(ET-904)  treated control vs.  

OMS 721-SGMI2 treated mouse group 
 

NS>0.05 1.342 

15 hrs 

 Saline treated control group vs.  

Isotype Ab(ET-904)  treated control NS>0.05 4.057 

Saline treated control group vs. 

 OMS 721-SGMI2 treated mouse group 
 

Yes ****  

≤ 0.0001 100.3 

Isotype Ab(ET-904)  treated control vs.  

OMS 721-SGMI2 treated mouse group 
 

Yes**** 

 ≤ 0.0001 96.25 

48 hrs 

Saline treated control group vs.  

Isotype Ab(ET-904)  treated control NS>0.05 0.08000 

Saline treated control group vs. 

 OMS 721-SGMI2 treated mouse group 
 

Yes****   

 ≤ 0.0001 94.90 

Isotype Ab(ET-904)  treated control vs.  

OMS 721-SGMI2 treated mouse group 
 

Yes****   

≤ 0.0001 94.98 
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3.2.2 Plasma lactate dehydrogenase activity assay 

3.2.2.1 Plasma lactate dehydrogenase activity in relation to increasing 

dose of vWF or LPS.  

Increasing the dose of vWF (Haemate-p) (CSL-Behring) and LPS from E.coli O111:B4 

(Sigma) in our TTP model proved to have a direct effect on the level of LDH plasma 

activity in the plasma of the experimental mice. Lactate dehydrogenase enzyme is an 

intracellular enzyme that is released in case of cellular damage. Lactate dehydrogenase 

enzyme is also release from hemolysed red boold cells as in TTP condition(Patton et al., 

1994).   The mean of LDH activity in the plasma of ADAMTS-13 deficient mice 48 

hours after they received intraperitoneal injections of 2000 iu/kg body weight of vWF 

plus 0.5mg/kg lipopolysaccharide was 417.3 milli unit/ml (n=12).  Increasing the dose 

of the lipopolysaccharide to 2mg/kg body weight while keeping the dose of vWF at 

2000 iu/kg body weight was found to elevate LDH activity in mice plasma samples up 

to 605.6 milliunit/ml( n=6). LDH plasma activity increased more to reach about 1073 

milliunit/ml upon increasing the dose of vWF from 2000 iu/kg to 4000 iu/kg whilst 

keeping the dose of LPS from E.coli O111:B4 at 2mg/kg body weight (n=12) (Table 

3.14).  

Mouse groups Mean of LDH activity levels in 

milliunit/ml 

Ip injected   with vWF 2000 iu/kg plus 

LPS 0.5mg/kg        ( n=12) 

417.3 

 Ip injected  with  vWF 2000 iu/kg 

plus LPS 2 mg/kg        ( n=6) 

605.6 

 Ip injected with vWF 4000 iu/kg plus 

LPS 2 mg/kg (n=12) 

1073 

 

Table 3.14 Activity of LDH in plasma of three groups of ADAMTS-13 deficient 

mice injected i.p. with three different doses of VWF and LPS E.coli O111:B4. 

First group (n=12) was injected i.p. with LPS 0.5mg/kg body weight plus VWF at a dose of 

2000 iu/kg body weight. A second group (n=6) was injected i.p. with LPS at a dose of 2mg/kg 

body weight plus VWF at a dose of 2000 iu/kg body weight and the third group (n=12) was 

injected i.p. with LPS at a dose of 2mg/kg body weight plus VWF 4000 iu/kg. 
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3.2.2.2 Lactate dehydrogenase plasma activity after i.p. injection of 

mice with vWF 2000 iu/kg plus LPS 0.5mg/kg body weight with 

or without inhibition of lectin pathway.  

 ADAMTS-13 deficient mice received lipopolysaccharide from E.coli O111:B4 (Sigma) 

0.5mg/kg plus 2000 iu/kg (Haemate-p) vWF from CSL-Behring. These mice were 

devided into three groups, each group composed of 12 mice. These mice were either 

given the monoclonal inhibitory anti-MASP-2 antibody (OMS721-SGMI2) at a 

concentration of 10 mg/kg body weight/dose for three doses in the last week before 

injection with vWF and LPS (i.e days -7,-4 and -1), or an irrelevant non-inhibitory 

isotype control IgG antibody (ET-904) or saline only at the same dose in three dosing 

intervals (i.e at days -7,-4 and -1).   

  Inhibition of the lectin pathway of complement activation by intraperitoneal injection 

of ADAMTS-13 deficient mice with the monoclonal inhibitory anti-MASP-2 antibody 

OMS721-SGMI2 shows significantly lower plasma LDH activity than mice pre- treated 

with saline or isotype control antibody. LDH activity was measured in the plasma of all 

mice in these experiments 48 hours after injecting them with vWF and LPS. Plasma 

LDH activity was elevated in all treated mouse groups when compared to normal mouse 

plasma samples (n=12). Saline treated and isotype antibody treated mice have LDH 

levels in their plasma which are significantly higher than those measured in serum of 

untreated control group mice and OMS721 pre-treated mice after vWF and LPS 

challenge with a P-value ≤0.0001(Tukey
,
s multiple comparison test). The plasma of 

OMS721-SMGI2 pre-treated ADAMTS-13 deficient mice has marginally significant 

higher LDH level after vWF and LPS challenge than unchallenged mice (P-value ≤0.05, 

Tukey
,
s multiple comparison test). The saline pre-treated group has LDH activity 

Mean±SD of 417.3±52.6 milliunit/ml (n=12) and 429.3±64.34 milliunit/ml for the 

isotype group (n=12) compared to 203±35.44 milliunit/ml for normal ADAMTS-13 KO 

mouse plasma not receiving vWF or LPS or any type of treatments (n=12) and 

275±81.95 milliunit/ml for OMS721 pre-treated mice after vWF and LPS challenge 

(n=12). No significant difference has been found between the isotype Ab treated and the 

saline treated groups (see Figure 3.7, Tables 3.15 and 3.16).     
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Figure 3.7 Plasma LDH activity in ADAMTS-13 mice after i.p. injection with vWF 

2000 iu/kg plus LPS 0.5mg /kg body with or without inhibition of the lectin 

pathway 

ADAMTS-13 deficient mice were pre-treated either with the monoclonal inhibitory anti-MASP-

2 antibody OMS721-SGMI2 or its isotype control antibody(ET-904)  with 3 doses of 10 mg per 

kg body weight or saline given on day -7,-4,-1 (n=12 per group). On day 0 the mice were 

challenged by single dose of vWF (Haemate-p) (2000 iu/kg body weight plus 0.5mg/kg body 

weight of LPS (E.coli O111:B4). Data are represented as Mean±SD. Statistics using one-way 

Anova test reveals that LDH activity levels in plasma of mice pre-treated with OMS721-SGMI2 

are significantly lower than those seen in isotype mAb pre-treated or saline pre-treated mouse 

groups, p-value ≤0.0001(Tukey
,
s multiple comparison test).   
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One way Anova Tukey
,
s multiple comparison test 

Mouse groups Summary 

of P-value 

 

Mean 

difference 

milliunit/

ml 

Control saline treated group vs.  

OMS721-SGMI2 Ab treated group 

Yes**** 

≤0.0001 142.0 

Control saline treated group vs. 

 Isotype control Ab(ET-904)  treated NS>0.05 11.99 

Control saline treated group vs. Normal 

mouse plasma samples 

Yes **** 

≤0.0001 213.5 

OMS721-SGMI2 Ab treated group vs. 

Isotype control Ab(ET-904)  treated 

Yes **** 

≤0.0001 154.0 

OMS721-SGMI2 Ab treated group vs. 

Normal mouse plasma samples 

Yes * 

≤0.05 71.50 

Isotype control Ab treated(ET-904)  vs. 

Normal mouse plasma samples 

Yes **** 

≤0.0001 225.5 

                                                                                                                                                                                                                                  

Table 3.15 Statistical analysis of p-value and mean difference of plasma 

LDH activity level in plasma of mouse groups in figure (3.7) after i.p. 

injection with 2000 iu/kg body weight vWF plus 0.5 mg /kg body 

weight LPS with or without inhibition of the lectin pathway  

ADAMTS-13 deficient mice received either monoclonal inhibitory anti-MASP-2 

antibody OMS721-SGMI2 or isotype control antibody(ET-904)  10 mg/kg per dose 

or saline in three doses (day -7, -4, -1) (n=12 per group). On day 0 the mice were 

challenged with vWF 2000 iu/kg plus LPS 0.5 mg/kg body weight. Statistics using 

one-way Anova test shows a significant lower LDH level in mice treated with 

OMS721-SGMI2 than those treated with isotype antibodies or saline.  
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Table 3.16 Mean, standard error of the mean and standard deviation of 

plasma LDH activity levels changes in mouse groups in figure (3.7) post ip 

injection of ADAMTS-13 deficient mice with 2000 iu/kg body weight vWF 

and 0.5 mg/kg body weight LPS with or without inhibition of the lectin 

pathway  

ADAMTS-13 deficient mouse groups include saline treated control group (n=12), 

isotype Ab(ET-904)  treated group (n=12), and OMS721-SGMI2 treated group (n=12). 

These mice were challenged later on with i.p. injection of vWF 2000 iu/kg body weight 

and 0.5 mg/kg body weight LPS. 

 

 

 

 

 

 

 

 

Parameters 

milliunit/ml 

Control saline 

treated group 

OMS721-

SGMI2 Ab 

treated group 

Isotype 

control 

Ab(ET-904)  

treated group 

Normal 

mouse 

plasma 

samples 

Mean 417.3 275.3 429.3 203.8 

SD 52.26 81.95 64.34 35.44 

SEM 15.08 23.66 18.57 10.23 
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3.2.2.3 Plasma LDH activity levels after i.p. injection of ADAMTS-13 

deficient mice with vWF 2000 iu/kg body weight plus LPS 

2mg/kg body weight after inhibition of lectin pathway  

   Increasing the intraperitoneal dose of the lipopolysaccharide from E.coli O111:B4 

(Sigma) from 0.5mg/kg to 2mg/kg body weight and keeping vWF (Haemate-p) dose 

2000 iu/kg body weight leads to more increase in LDH levels than previously used dose 

of LPS from E.coli O111:B4 (Sigma) which was 0.5 mg/kg body weight plus 2000iu/kg 

body weight vWF (Haemate-p). Even when subjecting the ADAMTS-13 deficient mice 

to a higher dose of LPS, the inhibition of the lectin pathway via OMS721-SGMI2, an 

inhibitory anti-MASP-2 antibody, is still efficient to ameliorate thrombotic pathology in 

treated mice as evidenced by significantly lower LDH levels in their plasma than 

littermates pre-treated with either that isotype control antibody or saline only.  

    Plasma samples from the saline treated mouse group (n=6) and isotype treated (ET-

904) mouse group (n=6) have higher LDH activity than normal plasma samples with a 

P-value ≤0.0001. Mean ± SD of saline group is 605.6 ± 149.7 milliunit/ml and of 

isotype group is equal to 630 ±118.9 milliunit/ml. On the other hand Mean ± SD of 

normal mouse plasma was 198.8±33.09 milliunit/ml. The mean differences between 

saline treated group and normal plasma samples is  406.8 milliunit/ml, while the mean 

difference between isotype treated group and normal plasma samples is 431.5 

milliunit/ml.  Plasma LDH activity of the saline treated and isotype treated mouse 

groups is significantly  higher  than plasma samples from OMS721 SGMI2 treated 

mouse group which has LDH activity Mean± SD equal to 383.1± 19.84 milliunit/ml  . 

The mean difference between saline treated group and OMS721- SGMI2 treated 

samples is 222.5 milliunit/ml, and it is 247.2 milliunit/ml between isotype treated group 

and OMS721- SGMI2 treated mouse group plasma samples with P-value ≤0.01(Tukey
,
s 

multiple comparison test).Plasma samples from OMS721 treated mouse group have 

higher LDH activity than normal plasma samples with mean difference of about184.3 

and P-value of ≤0.05(Tukey
,
s multiple comparison test). On the other hand no significant 

statistical difference has been found between isotype treated mouse groups and saline 

treated mouse groups with P-value ≥0.05(Tukey
,
s multiple comparison test) (Figure3.8, 

Tables 3.17 and 3.18).   
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Figure 3.8 Plasma LDH activity in ADAMTS-13 mice after i.p. injection with 

vWF 2000 iu/kg body weight plus LPS with a dose of 2mg/kg body weight with or 

without inhibition of the lectin pathway 

Mice were treated either with the monoclonal inhibitory anti-MASP-2 antibody OMS721-

SGMI2 or isotype control antibody(ET-904)  at 10 mg per kg or saline in three doses (day -7,-

4,-1) (n=6 per group). After that mice were challenged with vWF 2000 iu/kg body weight plus 

2mg/kg LPS (E.coli O111:B4) on day 0. Data are represented as Mean±SD. Statistics using one 

way Anova test reveals that LDH activity level in plasma of mice which are treated with 

OMS721 is significantly lower than its level in both isotype Ab. Treated  (p-value≤ 0.01, 

Tukey
,
s multiple comparison test) or saline treated mouse groups (p-value ≤ 0.01, Tukey

,
s 

multiple comparison test).  
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Table 3.17 Statistical analysis of p-value and mean difference of the 

LDH activity level in plasma of mouse groups in figure (3.8)  after i.p. 

injection of mice with vWF 2000 iu/ kg plus 2 mg /kg LPS with or 

without inhibition of the lectin pathway 

 ADAMTS-13 deficient mice received either monoclonal inhibitory anti-MASP2 

antibody OMS721-SGMI2 or isotype control antibody(ET-904)  10 mg/kg per 

dose or saline in three doses (day -7, -4, -1) (n=6 per group), or its isotype 

control antibody 10 mg/kg per dose in three doses (day -7, -4,-1) (n=6) or saline 

(n=6). Mice then challenged by single dose of vWF (Haemate-p) 2000 iu/kg 

intraperitoneally plus 2mg/kg LPS (E.coli O111:B4) on day 0. Statistics using 

one way Anova tests revealed a significantly lower LDH level in mice treated 

with OMS721-SGMI2 (n=6) than those  treated with isotype antibodies or 

saline.   

 

One Way Anova Tukey
,
s multiple comparison test 

Mouse groups Summary of  P-

value 

 

Mean 

difference 

milliunit/

ml 

Control saline treated group vs.  

Isotype Ab(ET-904)  treated 

group NS>0.05 -24.71 

Control saline treated group vs.  

OMS721- SGMI2 treated group 

Yes** 

≤ 0.01 222.5 

Control saline treated group vs.  

Normal mouse plasma samples 

Yes**** 

≤0.0001 406.8 

Isotype Ab(ET-904)  treated 

group vs.  

OMS721- SGMI2 treated group 

Yes** 

≤ 0.01 247.2 

Isotype Ab(ET-904)  treated 

group vs.  

Normal mouse plasma samples 

Yes**** 

≤0.0001 431.5 

OMS721- SGMI2 treated group 

vs. Normal mouse plasma samples 

Yes* 

≤0.05 184.3 
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Table 3.18 Mean, standard error of the mean and standard deviation of plasma 

LDH activity level changes in mouse groups in figure (3.8) post ip injection with 

vWF 2000 iu/kg body weight and LPS 2mg/kg body weight with or without 

inhibition of the lectin pathway. 

ADAMTS-13 deficient mouse groups include saline treated control group (n=6), isotype 

Ab(ET-904)  treated group (n=6), and OMS721-SGMI2 treated group (n=6).These mice were 

challenged later on with ip injection of mice with vWF 2000 iu/kg body weight and 2 mg/kg 

body weight LPS. 

 

 

 

 

 

 

 

 

 

Parameters 

milliunit/ml 

Saline 

treated 

group 

Isotype Ab 

(ET-904) 

treated group 

OMS721- SGMI2 

treated group 

Normal mouse 

plasma 

samples 

Mean 605.6 630.3 383.1 

198.8 

 

SD 149.7 118.9 19.84 

33.09 

 

SEM 61.10 48.52 8.098 

13.51 
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3.2.2.4 Plasma LDH activity levels after i.p. injection of mice with vWF 

4000 iu/kg body weight plus LPS 2mg/kg body weight after 

inhibition of lectin pathway.  

      Higher doses of vWF (Haemate-p) 4000 iu/kgbody weight plus 2mg/kg LPS from 

E.coli O111:B4 (Sigma) was given to group of ADAMTS-13 deficient mice (n=36). 

These mice were divided into three groups. Each group composed of 12 mice. These 

groups given either saline ip prior to vWF and LPS dosing or anti-MASP-2 antibodies 

(OMS721-SGMI2), or isotype control IgG antibodies(ET-904). The dose of antibodies 

is 10 mg/kg body weight per dose. Dosing of mice with saline or antibodies was done 

on days -7,-4 and -1 before giving vWF and LPS.   

Plasma samples from saline treated mouse group (n=12) and isotype treated mouse 

group (n=12) have significantly higher LDH activity than normal plasma samples with 

P-value ≤0.0001. Mean ± SD of saline group is 1073±161.8 milliunit/ml and of isotype 

group is equal to 1005±160.1 milliunit/ml. On the other hand Mean± SD of normal 

mouse plasma was 203±35.44 milliunit/ml. The mean differences between saline treated 

group and normal plasma samples is  868.8 milliunit/ml,  while the mean difference  

between isotype treated group and normal plasma samples is 801.1 milliunit/ml. 

Mice treated with OMS721-SGMI2 still have less LDH than isotype and saline treated 

mice. Plasma LDH activity of the saline treated and isotype treated mouse groups is 

significantly  higher  than  LDH activity  in plasma samples of  OMS721-SGMI2 Abs 

treated mouse group,  which has LDH activity Mean±SD equal to 701±165.9 

milliunit/ml.   The mean difference between saline treated group and OMS721 treated 

samples is 370.8 milliunit/ml and the difference between isotype treated group and 

OMS721 treated mouse group plasma samples is 303.1 milliunit/ml with P-value 

≤0.0001. In the same time mice treated with OMS 721-SGMI2 Abs also have higher 

LDH level than normal plasma samples with mean difference of about 498 milliunit/ml 

and P-value of ≤0.0001(Tukey
,
s multiple comparison test). 

    No significant difference has been found between the isotype Ab treated and the 

saline control treated groups with mean difference of 67.7 milliunit/ml and P-value 

≥0.05(Tukey
,
s multiple comparison test). (Figure 3.9, Tables 3.19 and 3.20).   
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Figure 3.9 LDH activity ADAMTS-13 deficient mice after i.p. injection with 

4000iu/kg vWF plus 2mg/kg LPS with or without inhibition of the lectin 

pathway.  

Mice (n=12 per group) were pre-treated with either  the monoclonal inhibitory anti-MASP-2 

antibody OMS721-SGMI2 or an isotype control antibody both given in a dose of 10 mg per 

kg of body weight per dose or saline given i.p. in three doses on day -7,-4, and -1). On day 0 

mice were challenged by i.p. injections of 4000 iu/kg vWF (Haemate-p) plus 2mg/kg LPS 

(E.coli O111:B4). Data are represented as Mean±SD. Statistics using one way Anova test 

reveals that LDH levels in plasma of mice pre- treated with OMS721-SGMI2 Abs are 

significantly lower than LDH levels in both isotype Ab treated or saline treated control 

groups (p-value≤0.0001, Tukey
,
s multiple comparison test).       
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 Table 3.19 Statistical analysis of p-values and mean differences of 

LDH levels in plasma of the different experimental mouse groups in 

figure (3.9) after i.p. injection with 4000 iu/kg vWF plus 2mg/kg LPS 

with or without inhibition of the lectin pathway 

Mice received either monoclonal inhibitory anti-MASP2 antibody OMS721-

SGMI2 or isotype antibody (ET-904) 10 mg/kg per dose or saline in three 

doses (day -7, -4, -1) (n=12 per group). On day 0 mice were challenged by 

i.p. injection of 4000 iu/kg vWF (Haemate-p) plus 2mg/kg LPS (E.coli 

O111:B4). Statistics using one-way Anova tests shows significantly lower 

LDH levels in mice treated with OMS721-SGMI2 than in those treated with 

either the isotype antibody or saline. 

 

One Way Anova  Tukey
,
s multiple comparison test 

Mouse groups  

Summary of 

P-value 

Means 

difference 

milliunit/ml 

Saline treated control group vs.  

Isotype Ab(ET-904)  treated 

group 

NS 

>0.05 67.70 

Saline treated control group vs.  

OMS721-SGMI2 Ab treated 

group 

Yes**** 

 ≤0.0001 370.8 

Saline treated control group vs.  

Normal mouse plasma samples 

Yes**** 

 ≤0.0001 868.8 

Isotype Ab (ET-904) treated 

group vs.  

OMS721-SGMI2 Ab treated 

group 

Yes**** 

 ≤0.0001 303.1 

Isotype Ab(ET-904)  treated 

group vs.  

Normal mouse plasma samples 

Yes**** 

≤0.0001 801.1 

OMS721-SGMI2 Ab treated 

group vs. Normal mouse plasma 

samples 

Yes**** 

≤0.0001 498.0 
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Table 3.20 Mean, standard error of the mean and standard 

deviation of plasma LDH activity level changes in mouse groups in 

figure (3.9) post ip injection with 4000 iu/kg body weight vWF and 

2mg/kg LPS with or without inhibition of the lectin pathway 

Mouse groups include saline treated control group (n=12), isotype Ab (ET-

904)  treated group (n=12), and OMS721-SGMI2 treated group (n=12). 

These mice were challenged later on with i.p. injection of 4000 iu/kg body 

weight vWF and 2 mg/kg body weight LPS. 

 

 

 

 

 

 

 

 

Parameters 

milliunit/ml 

Control 

saline 

treated 

group 

Isotype Ab 

(ET-904) 

treated 

group 

OMS721- 

SGMI2 

treated 

group 

Normal  

mouse 

plasma 

samples 

Mean 

1073 

 1005 701.8 203.8 

SD 

161.8 

 160.1 165.9 35.44 

SEM 

46.72 

 46.22 47.88 10.23 
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3.2.3 Measurement of haptoglobin levels after i.p. injection of 

mice with vWF 4000 iu/kg plus LPS 2mg/kg body weight 

with or without inhibition of lectin pathway functional 

activity 

 Haptoglobin level has been estimated in the plasma of ADAMTS-13 deficient mice that 

received 4000 iu/kg of (Haemate-p) plus 2mg/kg body weight LPS from E.coli O111:B4 

(Sigma) (n=36). Haptoglobin levels were measured in plasma samples of these mice culled 48 

hours after vWF, LPS injection using a Sandwich ELISA method. Generally all mouse groups, 

saline treated (n=12), isotype control Ab (ET-904) treated (n=12) and OMS721-SGMI2 treated 

(n=12) mice showed significantly lower haptoglobin levels than those seen with plasma samples 

of untreated mice (P-value ≤0.0001). 

Mean ± SD of saline treated group (n=12) is 64.78 ± 15.97 µg/ml and of isotype treated group 

(n=12) is equal to 66.25± 13.07 µg/ml. On the other hand Mean± SD of normal mouse plasma 

samples (n=4) is 169.4± 19.55 µg/ml. The mean differences between saline treated group and 

normal plasma samples is  104.6 µg/ml,  while the mean difference  between isotype treated 

group and normal plasma samples is 103.2 µg/ml. Plasma haptoglobin level of the saline treated 

group(n=12) and isotype treated mouse group(n=12) is significantly  lower  than  Haptoglobin 

levels  in plasma samples of  OMS721 treated mouse groups (n=12),  which shows Haptoglobin 

levels of  86.37±12.66 µg/ml  Mean ± SD. The mean difference between the saline treated 

group (n=12) and the OMS721 treated groups (n=12) is 21.59 µg/ml (P-value ≤0.01). The mean 

difference between isotype treated group (n=12) and OMS721- SGMI2 treated mouse group 

plasma samples (n=12) is 20.12 µg/ml and P-value ≤0.01 (Tukey
,
s multiple comparison test). At 

the same time mice treated with OMS 721 also have lower haptoglobin level than normal 

plasma samples with mean difference of about 83.04 µg/ml and P-value of ≤0.0001 (Tukey
,
s 

multiple comparison test). No significant difference for haptoglobin plasma level has been 

found between the isotype Ab treated group (n=12) and the saline control treated group (n=12) 

with mean difference of 1.47 µg/ml and P-value ≥0.05 (Tukey
,
s multiple comparison test). 

(Figure 3.10, Tables 3.21 and 3.22).   
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Figure 3.10 Plasma level of haptoglobin in ADAMTS-13 ko mice after ip injection 

with 4000 iu/kg vWF plus 2mg/kg LPS with or without inhibition of the lectin 

pathway 

Mice were treated either with the monoclonal inhibitory anti-MASP-2 antibody OMS721-

SGMI2 or isotype control antibody (ET-904)  10 mg / kg per dose or saline in three doses (day -

7,-4,-1) (n=12 per group). On day 0 mice were challenged with ip injection of 4000 iu/kg vWF 

(Haemate-p) plus 2mg/kg LPS (E.coli O111:B4). Normal (ADAMTS-13 -/-) mouse plasma 

used as normal controls (n=4). Data are represented as Mean±SD. Statistics using one way 

Anova test reveals that haptoglobin level in plasma of mice which are treated with OMS721-

SGMI2 is significantly higher than its level in both isotype Ab. treated or saline treated mouse 

groups (P-value ≤0.01 between saline and OMS-SGMI2 Ab treated groups or between isotype 

Ab and OMS-SGMI2 Ab treated groups, Tukey
,
s multiple comparison test).       
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Table 3.21 Statistical analysis of p-value and mean difference of plasma 

haptoglobin level of mouse groups in figure (3.10) after ip injection with 

4000 iu/kg body weight vWF plus 2mg/kg body weight LPS with or without 

inhibition of the lectin pathway  

Mice were treated either with the monoclonal inhibitory anti-MASP-2 antibody 

OMS721-SGMI2 or isotype control antibody(ET-904)  10 mg / kg per dose or saline in 

three doses (day -7,-4,-1) (n=12 per group). On day 0 mice were challenged with ip 

injection of 4000 iu/kg vWF (Haemate-p) plus 2mg/kg LPS (E.coli O111:B4). Normal 

mouse plasma used as normal controls (n=4). Statistics using one way Anova test reveals 

that haptoglobin level in plasma of mice which are treated with OMS721-SGMI2 is 

significantly higher than its level in both isotype Ab. treated or saline treated mouse 

groups (P-value ≤0.01 between saline and OMS-SGMI2 Ab treated groups or between 

isotype Ab and OMS-SGMI2 Ab treated groups, statistics were done byTukey
,
s multiple 

comparison test).       

 

 

 

 

One Way Anova test  Tukey
,
s multiple comparison test 

 Mouse groups 
Summary of 

P-value 

Means 

difference 

µg/ml 

Saline treated control group vs. 

 Isotype Ab(ET-904)  treated group NS> 0.05 
1.474 

Saline treated control group vs. OMS721-

SGMI2 Ab treated group 

Yes** 

≤ 0.01 
21.59 

Saline treated control group vs. 

 Normal mouse plasma 

Yes**** 

≤ 0.0001 
104.6 

Isotype Ab(ET-904)  treated group vs. 

 OMS721-SGMI2 Ab treated group 

Yes** 

≤ 0.01 
20.12 

Isotype Ab(ET-904)  treated group vs.  

Normal mouse plasma 

Yes**** 

≤ 0.0001 
103.2 

OMS721-SGMI2 Ab treated group vs. 

 Normal mouse plasma 

Yes**** 

≤ 0.0001 
83.04 
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Parameter 

µg/ml 

Saline treated 

control group 

Isotype Ab 

treated 

group(ET-904) 

OMS721-

SGMI2 Ab 

treated group 

Normal 

mouse 

plasma 

Mean 
 
 

64.78 66.25 86.37 169.4 

SD 
 
 

15.97 13.07 12.66 19.55 

SEM 
 
 

4.609 3.774 3.656 9.777 

 

Table 3.22 Mean standard error of the mean and standard deviation of 

plasma haptoglobin level changes in mouse groups in figure (3.10) post ip 

injection of ADAMTS-13 ko mice with 4000 iu/kg vWF and 2mg/kg LPS 

with or without inhibition of the lectin pathway 

Mouse groups include saline treated control group (n=12), isotype Ab(ET-904)  

treated group (n=12), and OMS721-SGMI2 antibodies treated group (n=12) and 

normal mouse plasma samples (n=4). These mice were challenged later on with i.p. 

injection with vWF 4000 iu/kg body weight and 2 mg/kg body weight LPS.  
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3.2.4 Serum Blood Urea Nitrogen measurements 

3.2.4.1 Serum BUN level after ip injection of ADAMTS-13 ko mice 

with vWF 2000 iu/kg plus LPS 0.5 mg/kg body weight with or 

without inhibition of lectin pathway 

   ADAMTS-13 deficient mice were divided into 3 groups and received monoclonal 

inhibitory anti-MASP-2 antibodies (OMS721-SGMI2) or isotype control antibodies(ET-

904) 10 mg/kg/dose or saline for three doses in the last week before injection with vWF 

and LPS (i.e days -7,-4 and -1) (n-12 per group). Then these mice were challenged by 

single dose of vWF 2000 iu/kg (Haemate-p, from CSL-Behring), plus 0.5mg/kg LPS 

from E.coli O111:B4 (Sigma) on day 0. BUN level in sera of mice of all groups has 

been estimated using Quantichrom urea assay kit (Bio Assay systems) for quantitative 

colorimetric urea determination at 520 nm using Bio-Rad plate reader.  

 At this dosage level there is no clear elevation of BUN level in the studied groups, 

without any significant difference among  the treated groups whether saline treated 

(n=12), isotype antibodies treated (n=12) or OMS721-SGMI2 treated groups (n=12), 

and the normal ADAMTS-13 plasma samples (n=12). In all mentioned comparisons 

done by One way Anova tests P-value≥0.05 (Tukey
,
s multiple comparison test). 

   The Mean ± SD for normal mouse serum samples was 15.49±2.522 mg/dl, for 

OMS721-SGMI2 treated group is 15.23±2.144 mg/dl, for saline treated group is 

15.52±1.574 and for isotype treated group is 15.83±1.673 mg/dl. 

     The mean difference between normal mouse serum and OMS721-SGMI2 treated 

mouse group is 0.2577 mg/dl, while the mean difference between normal mouse plasma 

samples and isotype treated group is 0.3448 mg/dl and the mean difference between the 

normal mouse serum and the saline treated mouse group is 0.03479 mg/dl. The mean 

difference between OMS721-SGMI2 treated group and isotype antibodies treated group 

is 0.6025 mg/dl. The mean difference between OMS721 treated group and saline treated 

group is 0.2925 mg/dl and the mean difference between isotype antibodies treated group 

and saline treated control group is 0.31 mg/dl (Figure 3.11, Tables 3.23,and 3.24) .   
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Figure 3.11 Serum level of BUN in ADAMTS-13 ko mice after ip injection 

with 2000 iu/kg body weight vWF plus 0.5mg/kg body weight LPS with or 

without inhibition of the lectin pathway 

Mice were treated with the monoclonal inhibitory anti-MASP-2 antibodies OMS721-

SGMI-2 or isotype antibodies(ET-904)  10 mg per kg or saline in three doses (day -7,-4,-1) 

(n=12 per group). Then the mice were challenged by ip vWF in a dose of 2000 iu/kg body 

weight and LPS from E.coli O111:B4 in a dose of 0.5mg/kg body weight. Data are 

represented as Mean±SD. Statistics using one way Anova test reveals that there is no 

significant statistical difference in BUN level in all studied mouse groups (p-value >0.05). 
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One Way Anova Tukey
,
s multiple comparison test 

Mouse groups 

Summary of 

P-value 

 

Mean 

difference 

mg/dl 

Normal mouse serum samples vs.  

OMS721-SGMI2 Ab treated group NS>0.05 0.2577 

Normal mouse serum samples vs. 

 Isotype Ab(ET-904)  treated group NS>0.05 0.3448 

Normal mouse serum samples vs. 

 saline treated control group NS>0.05 0.03479 

OMS721-SGMI2 Ab treated group vs.  

Isotype Ab(ET-904)  treated group NS>0.05 0.6025 

OMS721-SGMI2 Ab treated group vs.  

saline treated control group NS>0.05 0.2925 

Isotype Ab(ET-904)  treated group vs.  

saline treated control group NS>0.05 0.3100 

 

Table 3.23 Statistical analysis of p-value and mean difference of the BUN 

in serum of mouse groups in figure (3.11)  after i.p. injection with single 

dose of vWF 2000 iu/ kg body weight plus LPS 0.5 mg /kg body weight 

with or without inhibition of the lectin pathway  

ADAMTS-13 mice received either monoclonal inhibitory anti-MASP-2 antibodies 

OMS721-SGMI2 or isotype control antibodies (ET-904)  10 mg/kg per dose or saline 

in three doses (day -7, -4, -1) (n=12 per group). On day 0 the mice were challenged 

with an i.p. dose of vWF in a dose of 2000 iu/kg and LPS from E.coli O111:B4 in a 

dose of 0.5mg/kg.  Statistics using one way Anova tests revealed no significant 

difference in BUN level between mice treated with OMS721-SGMI2 and those mice 

treated with isotype antibody or saline and the normal ADAMTS-13 -/- mice samples 

(p-value>0.05, Tukey
,
s multiple comparison test). 
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Table 3.24 Mean, standard error of the mean and standard deviation of 

serum BUN level changes in mouse groups in figure (3.11) post ip 

injection with 2000 iu/kg vWF and 0.5mg/kg LPS with or without 

inhibition of the lectin pathway  

Mouse groups include saline treated control group (n=12), isotype Ab(ET-904)  

treated group (n=12), and OMS721-SGMI2 treated group (n=12) that were 

challenged with vWF 2000 iu/kg body weight plus LPS 0.5mg/kg body weight.  

 

   

 

 

 

 

 

 

 

 

 

 

Parameter mg/dl 

normal 

mouse 

serum 

samples 

OMS721-

SGMI2 

Ab treated 

group 

Isotype 

Ab(ET-904)  

treated 

group 

saline 

treated 

control 

group 

Mean 15.49 15.23 15.83 15.52 

SD 2.522 2.144 1.673 1.574 

SEM 0.7282 0.6188 0.4831 0.4545 
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3.2.4.2 Serum BUN level after ip injection of ADAMTS-13 ko mice 

with vWF 2000 iu/kg plus LPS 2 mg/kg body weight after 

inhibition of lectin pathway 

   ADAMTS-13 deficient mice received lipopolysaccharide from E.coli O111:B4 

(Sigma) 2 mg/kg plus 2000 iu/kg (Haemate-p) vWF. These mice were divided 

previously into 3 groups ,which are either treated with monoclonal inhibitory anti-

MASP-2 antibodies (OMS721-SGMI2) 10 mg/kg/dose for three doses in the last week 

before injection with vWF and LPS (i.e days -7,-4 and -1), or saline or isotype non-

inhibitory control IgG antibodies (ET-904) 10mg/kg/dose in three doses at the same 

session of OMS721-SGMI2 injection (i.e days -7,-4 and -1). BUN level in plasma of 

mice of all groups has been estimated using Quantichrom urea assay kit (Bio Assay 

systems)  for quantitative colorimetric urea determination at 520 nm using Bio-Rad 

plate reader.  

    At this dosage level there is mild elevation of BUN among the groups saline treated 

(n=6), and isotype antibodies treated (n=6) in comparison to the normal mouse serum 

samples (n=6), P-value ≤0.05 using One way Anova Tukey
,
s multiple comparison test.  

The mean ±SD of the saline treated and isotype treated mouse groups is 18.33±1.0322 

mg/dl and 18.52 ± 1.575 mg/dl respectively while the mean± SD for the normal mouse 

serum samples is 16.19±1.322 mg/dl. The mean differences between the normal mouse 

serum samples (n=6) and saline treated group (n=6) or isotype antibodies treated group 

(n=6) are 2.143 mg/dl, and 2.2332 mg/dl respectively. On the other hand no statistically 

significant difference has been found between the OMS721-SGMI2 treated group (n=6) 

and the normal mouse serum samples (n=6) and P-value is >0.05(Tukey
,
s multiple 

comparison test). The mean ± SD of the OMS721-SGMI2 treated group is 17.74± 0.74 

mg/dl and the mean difference between the two groups is 1.552 mg/dl. BUN in the 

saline treated group and the isotype treated group is marginally higher than BUN level 

in the OMS721-SGMI2 Abs treated group, so there is no statistical significant 

difference using One way Anova Tukey
,
s multiple comparison test and P-value is >0.05 

with mean differences between the saline treated group or the isotype treated group and 

the OMS721 treated group equal to 0.5915 mg/dl and 0.7801 mg/dl respectively (Figure 

3.12, tables 3.25 and 3.26).  
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Figure 3.12 BUN levels in circulation of three experimental mouse groups after 

i.p. injection of ADAMTS-13 deficient mice with VWF 2000 iu per kg body 

weight plus LPS with a dose of 2 mg per kg body weight with or without 

inhibition of the lectin pathway  

Mice are treated either with the monoclonal inhibitory anti-MASP2 antibody OMS721-

SGMI2 or isotype control antibody in a dose of 10 mg/ kg body weight or PBS in three doses 

(day -7,-4,-1) (n=6 per group). On day 0 the mice were challenged by ip vWF (Haemate-p) in 

a dose of 2000 iu/kg and LPS from E.coli O111:B4 in a dose of 2mg/kg. Data are represented 

as Mean±SD. Statistics using one way Anova test reveals that there is no significant 

statistical difference in serum BUN level between groups treated with OMS721-SGMI2 Abs 

and normal mouse serum (p-value>0.05). On the other hand mice treated with saline or 

isotype antibodies (ET-904) have statistically significant higher level of BUN in their serum 

than normal mouse serum (p-value≤0.05, Tukey
,
s multiple comparison test). No significant 

statistical difference has been found among the treated groups (p-value>0.05, Tukey
,
s 

multiple comparison test). 
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Table 3.25 Statistical analysis  of the BUN in serum  of mouse groups in 

figure (3.12)  after ip injection with vWF 2000 iu/kg plus LPS 2mg/kg body 

weight with or without inhibition of the lectin pathway 

 Mice were treated either with the monoclonal inhibitory anti-MASP2 antibody OMS721-

SGMI2 or isotype antibody (ET-904) 10 mg per kg or saline in three doses (day -7,-4,-1) 

(n=6 per group). Then the mice were challenged by ip vWF in a dose of 2000 iu/kg and 

LPS from E.coli O111:B4 in a dose of 2mg/kg one day post the last dose of the antibody 

dosing sessions. Statistics using one way Anova test reveals that there is no significant 

statistical difference in serum BUN level between groups treated with OMS721-SGMI2 

antibodies and normal mouse serum or between the OMS721-SGMI2 treated group and 

the saline or the isotype treated groups(p-value >0.05, Tukey
,
s multiple comparison test). 

On the other hand mice treated with saline or isotype antibodies have statistically higher 

level of BUN in their serum than normal mouse serum (p-value≤0.05, Tukey
,
s multiple 

comparison test). 

 

One Way Anova  Tukey
,
s multiple comparison test 

Mouse groups Summary of 

P-value 

Means  

difference 

mg/dl 

 

Normal ADAMTS-13 
-/- 

mouse serum 

samples vs.  

Saline injected control group Yes *≤0.05 2.143 

Normal mouse serum samples vs. 

 Isotype Ab(ET-904)  injected group Yes *≤0.05 2.332 

Normal  ADAMTS-13 
-/- 

 mouse serum 

samples vs. OMS721-SGMI2 Ab 

injected group NS>0.05 1.552 

Saline injected control group vs. 

 Isotype Ab(ET-904)  injected group NS>0.05 0.1887 

Saline injected control group vs.  

OMS721-SGMI2 Ab injected group NS>0.05 0.5915 

Isotype Ab(ET-904)  injected group vs.  

  OMS721-SGMI2 Ab injected group NS>0.05 0.7801 
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Table 3.26 Mean, standard error of the mean and standard deviation of 

serum BUN level changes in mouse groups in figure (3.12) post ip injection 

with 2000 iu/kg vWF and 2mg/kg LPS with or without inhibition of the lectin 

pathway.  

Mouse groups include saline treated control group (n=6), isotype Ab (ET-904)  treated 

group (n=6), and OMS721-SGMI2 treated group (n=6). These mice were challenged with 

ip injection with vWF 2000 iu/kg and 2 mg/kg LPS after receiving their full doses of 

antibodies or saline. 

 

 

 

 

 

 

 

 

 

Parameter  

mg/dl 

Normal 

mouse 

serum 

samples 

Saline 

injected 

control 

group 

Isotype 

Ab(ET-904)  

injected 

group 

OMS721-

SGMI2 Ab 

injected 

group 

Mean 

 

16.19 

 

18.33 

 

18.52 

 

17.74 

 

SD 1.322 

 

1.032 

 

1.575 

 

0.7414 

 

SEM 0.5397 

 

0.4211 

 

0.6432 

 

0.3027 
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3.2.4.3 Serum BUN level after ip injection of ADAMTS-13 ko mice 

with vWF  4000 iu/kg plus LPS 2 mg/kg body weight with or 

without inhibition of lectin pathway 

     BUN level has been estimated in the serum of ADAMTS-13 ko mice that received 

4000 iu/kg of (Haemate-p) plus 2mg/kg LPS from E.coli O111:B4 (Sigma) (n=36). 

BUN level was measured in the plasma samples of these mice after being culled 48 

hours after vWF, LPS injection using Quantichrom urea assay kit(Assay biosystems) for 

quantitative colorimetric urea determination at 520 nm using Bio-Rad plate reader 

method.  

    Using One way Anova statistical analysis revealed a highly significant higher BUN 

in the sera of saline treated (n=12), isotype Ab (ET-904) treated (n=12) and OMS721-

SGMI2 treated (n=12) mouse groups than normal mouse serum samples (n=12) (P-

value ≤0.0001). However, the level of serum BUN in circulation of mice treated with 

OMS721-SGMI2 is lower than serum BUN in isotype treated and saline treated mouse 

groups, but without significant statistical difference, p-value >0.05(Tukey
,
s multiple 

comparison test).  

 Mean difference between normal and saline treated is 8.630 and between normal serum 

samples and isotype treated is 9.322 mg/ml. Mean difference between normal and 

OMS721-SGMI2 Abs treated is 7.137 mg/ml and between OMS721-SGMI2 treated and 

saline treated is 1.493 mg/dl. The mean difference between OMS721-SGMI2 treated 

and isotype treated 2.185 mg/dl and the difference between isotype treated and saline 

treated is 0. 6916 mg/dl. 

   Means and standard deviations of BUN levels in serum samples of the studied groups 

calculated as following. Mean ± SD of saline treated group is 24.12 ± 1.619 mg/dl, 

Mean ± SD of isotype treated group is 24.81 ± 2.451 mg/dl, Mean ± SD of OMS721-

SGMI2 Abs treated group is 22.62±1.587 mg/dl, and finally Mean ± SD of normal 

mouse serum samples is 15.49±2.522 mg/dl (Figure 3.13, Tables 3.27, and 3.28).  
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Figure 3.13 BUN level in circulation of ADAMTS-13 ko mice after i.p. injection 

with 4000iu/kg vWF plus 2mg/kg body weight LPS with or without inhibition of 

the lectin pathway 

 Mice are treated either with the monoclonal inhibitory anti-MASP-2 antibodies OMS721-

SGMI2 or isotype control antibodies (ET-904) at a dose of 10 mg per kg or saline in three doses 

(day -7,-4,-1) (n=12 per group).Then the mice were challenged by i.p. vWF in a dose of 4000 

iu/kg and LPS from E.coli O111:B4 in a dose of 2mg/kg. BUN level in these groups was 

compared to normal mouse serum samples (n=12). Data are represented as Mean±SD. Statistics 

using one way Anova test reveals that BUN level in all treated groups is significantly higher than 

its level in normal mouse sera (p-value≤0.0001, Tukey
,
s multiple comparison test). BUN level in 

serum of mice which are treated with OMS721-SGMI2 is lower than its level in both isotype 

treated and saline treated mouse groups, but without significant difference (p-value>0.05, Tukey
,
s 

multiple comparison test).     
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One  Way Anova Tukey
,
s multiple comparison test 

Mouse groups Summary of P-value Means  

difference 

mg/dl 

Normal adamts-13 -/- mouse samples 

vs. saline injected control group Yes****≤0.0001 8.630 

Normal  adamts-13 -/- mouse 

samples vs. Isotype Ab(ET-904)  

injected group Yes****≤0.0001 9.322 

Normal adamts-13 -/- mouse  

samples vs. OMS721-SGMI2 Ab 

injected group Yes****≤0.0001 7.137 

saline injected control group vs. 

Isotype Ab(ET-904)  injected group NS>0.05 0.6916 

saline injected control group vs. 

OMS721-SGMI2 Ab injected group NS>0.05 1.493 

Isotype Ab(ET-904)  injected group 

vs. OMS721-SGMI2 Ab injected 

group NS>0.05 2.185 
 

Table 3.27 Statistical analysis of p-value and mean difference of the BUN 

in plasma of mouse groups in figure (3.13) after ip injection with 4000 iu/ 

kg vWF plus 2mg/kg LPS with or without inhibition of the lectin pathway 

 Mice are treated either with the monoclonal inhibitory anti-MASP-2 antibodies 

OMS721-SGMI2 or isotype antibodies (ET-904) at a dose of 10 mg per kg or saline in 

three doses (day -7,-4,-1) (n=12 per group). Then the mice were challenged by ip vWF 

in a dose of 4000 iu/kg and LPS from E.coli O111:B4 in a dose of 2mg/kg on day 0. 

BUN level in these groups was compared to normal mouse serum samples (n=12). 

Statistics using one way Anova test reveals that BUN level in all treated groups is 

significantly higher than its level in normal mouse sera (p-value≤0.0001, Tukey
,
s 

multiple comparison test). BUN level in serum of mice which are treated with 

OMS721-SGMI2 is lower than its level in both isotype treated or saline treated mouse 

groups, but without significant difference (p-value>0.05, Tukey
,
s multiple comparison 

test).     
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Parameter 

mg/dl 

untreated 

mouse 

samples 

saline 

injected 

control 

group 

Isotype 

Ab(ET-904)  

injected 

group 

OMS721-

SGMI2 Ab 

injected group 

Mean 

 

 

15.49 

 

24.12 

 

24.81 

 

22.62 

 

SD 

 

2.522 

 

1.619 

 

2.451 

 

1.587 

 

SEM 

 

0.7282 

 

0.4674 

 

0.7074 

 

0.4582 

 
 

Table 3.28 Mean, standard error of the mean and standard 

deviation of serum BUN level changes in mouse groups in figure 

(3.13) post ip injection with 4000 iu/kg vWF and 2mg/kg LPS with 

or without inhibition of the lectin pathway  

Mouse groups saline treated control group (n=12), isotype Abs (ET-904)  

treated group (n=12), and OMS721-SGMI2 Abs treated group (n=12). These 

mice were challenged with vWF 4000 iu/kg and 2 mg/kg LPS. 
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3.3 Histological and immune histochemistry of kidney 

tissues of ADAMTS-13 ko mice that receive 

intraperitoneal vWF 4000 iu/kg plus LPS 2 mg/kg 

body weight with or without inhibition of lectin 

pathway 
 

3.3.1  Sirius red staining of kidneys 

   Sirius red staining of formalin fixed paraffin embedded kidney sections has been done 

on kidney samples from ADAMTS-13 ko mice that have been given vWF in a dose of 

4000 iu/kg (Haemate-p from CSL-Behring,UK), together with LPS from E.coli 

O111:B4 2mg/kg(Sigma). These mice were given different types of treatments before 

the challenge with vWF and LPS. Mouse groups were either treated with OMS721-

SGMI2 Ab. (n=12), saline (n=12) or isotype Ab (ET-904) (n=12).  Representative 

images from each stained kidney section were captured under light microscope.  The 

captured photos were analysed by image analysis software program called image j to 

estimate the percentage area stained with Sirius red among the tested groups. 

     Statistical comparison of percentage of staining of kidney sections by One way 

Anova test revealed not significant slight  increase in level of fibrous tissues in kidneys 

of mice in all groups in comparison to the normal kidney tissues (n=12). P-value among 

different treatment groups which are saline treated group (n=12), isotype treated group 

(n=12) or saline treated group (n=12) and the normal ADAMTS-13 
-/-

 mice group 

(n=12) is >0.05(Tukey
,
s multiple comparison test). No significant statistical difference has 

been found between OMS-SGMI2 Abs treated group (n=12) and isotype treated group 

(n=12) or saline treated group (n=12), with P-value >0.05(Tukey
,
s multiple comparison 

test). 

      Mean± SD of OMS721-SGMI2 Ab treated group is 0.675 ± 0.1310 in comparison to 

saline group which has Mean ±SD equal to 0.5867± 0.1242 and the isotype treated 

group which has Mean ± SD equal to 0.6492±0.1078. On the other hand normal kidney 

control sections have Mean ± SD equal to 0.5592 ±0.09.The mean difference between 

saline treated group and OMS721-SGMI2 Ab treated group is 0.08833.The mean 

difference between the isotype Ab treated group and OMS721-SGMI2 Abs treated 
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group is 0.02583, while the mean difference between the isotype treated group and the 

saline treated group is 0.06250.The mean difference between OMS721-SGMI2 Ab 

treated group and normal mouse group is   0.1158. While the mean difference between 

Saline treated control and normal mouse samples is 0.027 and the mean difference 

between Isotype Ab treated group and normal mouse samples is 0.09 (Figures 

3.14,3.15;  Tables 3.29 and 3.30). 
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Figure 3.14 Sirius red staining of fibrous tissues in kidney sections of ADAMTS-13 

deficient mice in comparison to normal kidney sections after challenge with 4000 

iu/kg vWF and LPS 2mg/kg with or without inhibition of their lectin pathway 

 These mouse groups received intra peritoneal vWF (Haemate-p) at a dose of 4000 iu per kg 

plus LPS (E.coli O111:B4) at a dose of 2 mg per kg body weight after being treated either with 

the monoclonal inhibitory anti-MASP-2 antibody OMS721-SGMI2 Abs or isotype control 

antibodies (ET-904) at 10 mg per kg or saline in three doses (day -7,-4,-1) (n=12/group). 

Comparison of the percentage mean of the area stained by Sirius red via special software (image 

j) has been done after capture of images under light microscope. Data are presented as 

Mean±SD. Statistical comparison by One way Anova test revealed non-significant slightly 

higher fibrous tissue staining by Sirius red in kidneys of mice in all groups in comparison to the 

normal kidney tissues (n=12), P-value >0.05(Tukey
,
s multiple comparison test).  
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Figure 3.15 Representative images of paraffin embedded kidney sections from 

ADAMTS-13 ko mice stained by Sirius red after challenge with 4000 iu/kg vWF 

and LPS 2mg/kg with or without inhibition of their lectin pathway 

These mouse groups received intra peritoneal vWF (Haemate-p) at a dose of 4000 iu per kg plus 

LPS (E.coli O111:B4) at a dose of 2 mg per kg body weight after being treated either with the 

monoclonal inhibitory anti-MASP-2 antibody OMS721-SGMI2 Abs or isotype control 

antibodies (ET-904) at 10 mg per kg or saline in three doses (day -7,-4,-1) (n=12/group). 

Comparison of stained sections has been done after capture of images under light microscope 

and comparison of the percentage of stained areas by special software called image j. Statistical 

comparison by One way Anova test shows non-significant slightly higher level of fibrous 

tissues in kidneys of mice in all groups in comparison to the normal kidney tissues (n=12), P-

value >0.05. A- Kidney section from normal mice. B- Kidney section from OMS721-SGMI2 

Ab treated group. C- Kidney section from normal saline treated group. D – Kidney section from 

isotype (ET-904) Ab treated group.   

              The blue arrow marks fibrous tissue stained by Sirius red stain 
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Table 3.29 Statistical analysis of P-value and Mean differences among 

groups used under study regarding Sirius red staining of kidney sections 

from different ADAMTS-13 ko mouse groups (Figures 3.14, 3.15). 

These mouse groups received intra peritoneal vWF (Haemate-p) at a dose of 4000 iu per 

kg plus LPS (E.coli O111:B4) at a dose of 2 mg per kg body weight after being treated 

either with the monoclonal inhibitory anti-MASP-2 antibody OMS721-SGMI2 Abs or 

isotype control antibodies (ET-904) at dose of 10 mg per kg or saline in three doses 

(day -7,-4,-1) (n=12/group). Comparison of stained sections has been done after capture 

of  images under light microscope and comparison of the percentage of stained areas by 

special software called image j. Statistical comparison by One way Anova test revealed 

non-significant slightly higher in level of fibrous tissues in kidneys of mice in all groups 

in comparison to the normal kidney tissues (n=12), P-value >0.05(Tukey
,
s multiple 

comparison test).  

            

 

 

 

 

 

One Way Anova  Tukey
,
s multiple comparison test 

Mouse groups Summary of P-

value 

Means  

difference 

OMS721-SGMI2 Ab treated group 

vs. Saline treated control group  NS >0.05 0.08833 

OMS721-SGMI2 Ab treated group 

vs. Isotype Ab(ET-904)  treated 

group NS >0.05 0.02583 

OMS721-SGMI2 Ab treated group 

vs. Normal mouse samples NS >0.05 0.1158 

Saline treated control group vs. 

Isotype Ab(ET-904)  treated group NS >0.05 -0.06250 

Saline treated control group vs. 

Normal mouse samples NS >0.05 0.02750 

Isotype Ab(ET-904)  treated group 

vs. Normal mouse samples NS >0.05 0.0900 
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Table 3.30 Mean, standard error of the mean and standard deviation of Sirius 

red staining of paraffin embedded kidney tissues of ADAMTS-13 ko mouse 

groups figure (3.14) after challenge with 4000iu/kg body weight vWF and 

2mg/kg body weight LPS 

These mouse groups received intra peritoneal vWF (Haemate-p) at a dose of 4000 iu per 

kg plus LPS (E.coli O111:B4) at a dose of 2 mg per kg body weight after being treated 

either with the monoclonal inhibitory anti-MASP-2 antibody OMS721-SGMI2 Abs or 

isotype control antibodies (ET-904) at 10 mg per kg or saline in three doses (day -7,-4,-1) 

(n=12/group). Comparison of stained sections has been done after capture of images 

under light microscope and comparison of the percentage of stained areas by special 

software called image j. Statistical comparison by One way Anova test revealed non-

significant slightly higher  level of fibrous tissues in kidneys of mice in all groups in 

comparison to the normal kidney tissues (n=12), P-value >0.05(Tukey
,
s multiple 

comparison test).  

 

 

 

 

 

 

 

 

 

Parameter 

OMS721-

SGMI2 

Ab treated 

group 

Saline 

treated 

control 

group  

Isotype Ab 

(ET-904)  

treated group 

Normal mouse 

samples 

Mean 0.6750 0.5867 0.6492 0.5592 

 

SD 0.1310 0.1242 0.1078 0.09150 

 

SEM 0.03781 0.03585 0.03113 0.02641 
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3.3.2 Immunohistochemistry staining of human vWF in 

kidney sections  

vWF rich thrombi in kidney sections after intraperitoneal injection of human 

vWF(Haemate-p) at a dose of 4000 iu/kg and LPS from E.coli O111:B4 at a dose of 

2mg/kg(Sigma) into ADAMTS-13 ko mice has been stained using rabbit anti-human 

vWF antibodies from Dako. The lectin pathway of the complement system of group of 

these mice was inhibited by monoclonal anti-MASP-2 antibodies OMS721-SGMI2 

(n=12), while the other two groups of mice saline (n=12 per group) received either 

isotype control non inhibitory antibodies or saline. These sections were also compared 

to the normal ADAMTS-13 mouse kidney sections (n=5). Slides prepared from paraffin 

embedded kidney sections were used.  Representative images from each kidney section 

were captured under light microscope.  The captured photos were analyzed by image 

analysis software program called imagej. 

 The stained Sections made from kidneys of ADAMTS-13 KO mice that had been 

treated with OMS721-SGMI2 showed  significantly lower vWF rich thrombi staining in 

their tissues than both saline and isotype Ab treated groups. Mean± SD of OMS721-

SGMI2 treated group is 0.2175±0.1154 in comparison to saline group which has Mean 

±SD equal to 0.5527± 0.3013 and the isotype treated group has Mean±SD  equal to 

0.5258±0.357. The mean difference between saline treated group and OMS721-SGMI2 

Ab treated group is 0.3352 with statistically significant difference when analyzed by 

One way Anova test with P-value ≤0.05.The mean difference between the isotype Ab 

treated group and OMS721-SGMI2 Ab treated group is 0.3083 with significant 

statistical difference between the two groups when analyzed by One way Anova test 

with P-value≤0.05. On the other hand the mean difference between the isotype treated 

group and the saline treated group is 0.02689 without statistical significant difference 

using One way Anova test, P-value>0.05.   

Normal kidney sections show a very low area stained with rabbit anti- human vWF 

which may be due to cross reactivity with mouse vWF. The mean ±SD of vWF stained 

area is 0.047± 0.012. The mean of the vWF staining of kidney sections from the saline 

or isotype treated groups is about 11 times more than the mean gained from the normal 

kidney sections. The mean difference between either of the isotype Ab or saline treated 

groups and the normal kidney sections has a significant statistical difference and P-
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value is ≤0.05.However there is no significant difference between the OMS721-SGMI2 

Ab treated group and normal kidney sections with mean difference of about 0.1700 and 

P-value >0.05 (see Figure 3.16, 3.17; Tables 3.31, 3.32). 
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Figure 3.16 Immunohistochemistry of human vWF rich platelet thrombi in 

paraffin embedded kidney sections from ADAMTS-13 deficient mice received 

vWF 4000 iu/kg body weight plus LPS with or without inhibition of the lectin 

pathway 

 The sections are taken from ADAMTS-13 ko mice after challenge with ip injection with VWF 

(Haemate-p) 4000 iu/kg plus 2mg/kg LPS (E.coli O111:B4). Before this challenge, the 

knockout mice were treated either with monoclonal inhibitory anti-MASP-2 antibody OMS721-

SGMI2 or isotype non inhibitory antibody at 10 mg per kg or saline in three doses (day -7,-4,-1) 

(n=12 per group). 11 mouse kidney sections were used from saline treated group. These 3 

groups were compared also to another group of normal kidney sections (n=5). Data presented as 

Mean ± SD. Statistics using one way Anova test reveals that mice treated with OMS721 has 

significantly lower vWF rich thrombi than both isotype Ab and saline treated groups (P-value 

≤0.05, Tukey
,
s multiple comparison test).  

 

 

 

 

 



Results 

122 
 

   

 

 

Figure 3.17 Representative images of human vWF rich platelet thrombi in paraffin 

embedded kidney sections from ADAMTS-13 ko mice received vWF 4000 iu/kg 

plus LPS with or without inhibition of the lectin pathway  

The sections are taken from ADAMTS-13 ko mice after ip injection of ADAMTS-13 deficient 

mice with VWF (4000 iu per kg) plus LPS (E.coli O111:B4) with a dose of 2 mg per kg body 

weight. Kidney tissues P-value ≤0.05 (A) kidney section from OMS721-SGMI2 Ab treated 

group. (B) Kidney section from saline (C) kidney section from isotype treated. (D) Normal 

kidney section (E). Negative control stained without application of the primary antibodies 

(Rabbit anti-human vWF antibodies).   

     The blue arrow marks the human vWF rich platelet aggregates. 
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Table 3.31 Statistical analysis of P-value and Mean difference among groups 

used under study regarding vWF staining of vWF rich thrombi in kidneys 

(Figures 3.16, 3.17)  

The sections are taken from ADAMTS-13 ko mice after ip injection of ADAMTS-13 

deficient mice with VWF (4000 iu per kg) plus LPS (E.coli O111:B4) with a dose of 2 

mg per kg body weight. Mice are treated either with the monoclonal inhibitory anti-

MASP2 antibody OMS721-SGMI2 at 10 mg per kg in three doses (day -7,-4,-1) (n=12), 

or treated with isotype control antibodies using the same doses and at the same times of 

the OMS721-SGMI2 Abs (n=12), or mice given saline alone (n=11). Theses sections 

from treated groups were compared to normal ADAMTS-13 ko mouse kidney sections 

(n=5).   

 

 

 

 

 

 

One Way Anova  Tukey
,
s multiple comparison test 

Mouse groups Summary of 

P-value 

Means 

difference 

 

Isotype Ab treated mouse group vs. 

 Saline treated control mouse group NS>0.05 0.02689 

Isotype Ab treated mouse group vs.  

OMS 721-SGMI2 treated mouse group Yes*≤0.05 0.3083 

Isotype Ab treated mouse group vs.  

Normal mouse tissue Yes* ≤0.05 0.4783 

Saline treated control mouse group vs. 

 OMS 721-SGMI2 treated mouse group Yes*≤0.05 0.3352 

Saline treated control mouse group vs.  

Normal mouse tissue Yes*≤0.05 0.5052 

OMS 721-SGMI2 treated mouse group 

vs. Normal mouse tissue NS>0.05 0.1700 
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Table 3.32 Mean, standard error of the mean and standard deviation of 

vWF staining of paraffin embedded kidney tissues of mouse groups in figure 

(3.16, 3.17).  

Groups include Saline treated control group (n=11), isotype Ab treated group 

(n=12), and OMS721-SGMI2 treated group (n=12) 48 hours post ip injection of 

mice with vWF 4000 iu/kg and 2 mg/kg LPS E.coli bodyweight compared to 

normal ADAMTS-13 mouse kidney sections(5).  

 

 

 

 

 

 

 

 

 

 

Parameter Isotype Ab 

treated mouse 

group 

Saline treated 

control mouse 

group 

OMS 721-

SGMI2 

treated mouse 

group 

Normal mouse 

tissue 

Mean 

 

0.5258 

 

0.5527 

 

0.2175 

 

0.0475 

 

SD 

 

0.3570 

 

0.3013 

 

0.1154 

 

0.01258 

 

SEM 

 

0.1031 

 

0.09085 

 

0.03331 

 

0.006292 
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3.3.3 Immunohistochemistry staining of macrophages in 

kidney sections 

Macrophages infiltrate in kidney sections after intraperitoneal injection of human vWF 

(Haemate-p) at a dose of 4000 iu/kg and LPS from E.coli O111:B4 at a dose of 2mg/kg 

(Sigma) into ADAMTS-13 ko mice as shown by staining using rat anti-mouse F4/80 

antibodies from Bio-Rad. Prior to the challenge with vWF and LPS, these mice were 

either treated with OMS721-SGMI2 Ab (n=12), saline (n=12) or isotype control 

antibodies n=12) and compared to normal ADAMTS-13 kidney tissues (n=3). 

Representative images from each kidney section were captured under light microscope.  

The captured photos were analyzed by image analysis software program called image j 

to estimate the percentage area stained with anti-F4/80 antibodies among groups. 

 Statistical comparison of percentage of the area stained of kidney sections by one way 

Anova test shows highly significant increase in level of macrophages infiltration in the 

kidney tissues of mice in all groups in comparison to the normal kidney tissues. P-value 

between the saline treated (11 sample) and the normal mouse sections (n=3) or isotype 

treated groups (11 sample) and the normal group (n=3) is ≤0.01 and ≤0.001 

respectively(Tukey
,
s multiple comparison test), while the P-value between OMS-SGMI2 

treated group (n=10) and normal mouse kidneys group (n=3) is ≤0.05 (Tukey
,
s multiple 

comparison test). On the other hand macrophages infiltration in kidneys of mice treated 

with OMS721-SGMI2 Ab treated show less macrophage infiltration than isotype Ab  

and saline treated groups but with no significant difference with P-value >0.05, (Tukey
,
s 

multiple comparison test). 

 Mean± SD of OMS721-SGMI2 Ab treated group is 0.9760 ± 0.4265 in comparison to 

saline group which has Mean ±SD equal to 1.184± 0.2789 and the isotype treated group 

which has Mean ± SD equal to 1.215±0.3274 On the other hand normal kidney control 

sections have Mean ± SD equal to 0.2533±0.105.  

The mean difference between saline treated group and OMS721-SGMI2 Ab treated 

group is 0.2076. The mean difference between the isotype Ab treated group and 

OMS721-SGMI2 treated group is 0.2395 while the mean difference between the isotype 

treated group and the saline treated group is 0.03182. The mean difference between 

OMS721-SGMI2 Ab treated group and normal mouse sample is 0.7227. While the 
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mean difference between Saline treated control and normal mouse samples is 0.9303 

and the mean difference between Isotype Ab treated group  and normal mouse samples 

is 0.9621(Figure 3.18, 3.19;  Tables 3.33 and 3.34). 
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Figure 3.18 Immunohistochemistry of macrophage infiltration in paraffin 

embedded kidney sections from ADAMTS-13 deficient mice received vWF 4000 

iu/kg plus LPS with or without inhibition of the lectin pathway 

 These mice received intra peritoneal vWF (Haemate-p) at a dose of 4000 iu per kg plus LPS 

(E.coli O111:B4) at a dose of 2 mg per kg body weight. The three ADAMTS-13 ko mouse 

groups are treated either with the monoclonal inhibitory anti-MASP2 antibody OMS721-

SGMI2 at 10 mg per kg in three doses (day -7,-4,-1) (n=12), or treated with isotype control 

antibodies using the same doses and at the same times of the OMS721-SGMI2 Abs (n=12), or 

mice given saline alone (n=12) in comparison to normal kidney tissue samples (n=3).  

Comparison of stained sections has been done after capturing images under light microscope by 

special software called image j. Statistical comparison by One way Anova test revealed 

significant increase in level of macrophage infiltration in tissues of kidneys of mice in all groups 

in comparison to the normal kidney tissues .P-value between the saline treated group(11 

sample) and normal tissue samples is≤0.01(Tukey
,
s multiple comparison test), isotype treated 

group (11 sample) and normal tissues (3 samples)  is ≤ 0.001(Tukey
,
s multiple comparison test) 

while it is ≤ 0.05 (Tukey
,
s multiple comparison test) between  OMS721-SGMI2 Ab treated 

group ( 10 samples) and normal tissue. On the other hand there is no significant difference 

among the OMS721-SGMI2 Ab treated group, isotype Ab treated group and saline treated 

group with P-value > 0.05, (Tukey
,
s multiple comparison test).     
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Figure 3.19 Representative Images of macrophage infiltration staining in paraffin 

embedded kidney sections from ADAMTS-13 ko mice received vWF 4000 iu/kg 

plus LPS with or without inhibition of the lectin pathway 

The sections are taken from ADAMTS-13 ko mice after ip injection of ADAMTS-13 deficient 

mice with VWF (4000 iu per kg) plus LPS (E.coli O111:B4) with a dose of 2 mg per kg body 

weight. (A) Normal mouse kidney (B) Isotype Ab treated group and saline treated group(C) 

Saline treated group.  (D) OMS721 SGMI2 Ab treated group. (E) The Negative control stained 

without application of the primary antibodies (rat anti-mouse F4/80 antibodies). 

               The blue irregular arrows mark the macrophages which appear as are dark brown spots 
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Parameter Saline 

treated 

control 

group 

Isotype Ab 

treated 

group 

OMS721-

SGMI2 Ab 

treated group 

Normal 

ADAMTS-

13 
-/-

 

mouse 

tissue 

Mean 

 

1.184 

 

1.215 

 

0.9760 

 

0.2533 

 

SD 

 

0.2789 

 

0.3274 

 

0.4265 

 

0.1050 

 

SEM 

 

0.08410 

 

0.09870 

 

0.1349 

 

0.06064 

 
 

Table 3.33 Means, standard deviation and standard error of the means of 

macrophage staining of paraffin embedded kidney tissues of mouse groups in 

figure (3.18, and 3.19).  

Groups include saline treated control group (n=11), isotype Ab treated group (n=11), 

and OMS721-SGMI2 treated group (n=10).These received challenge of ip injection 

of vWF 4000 iu/kg and 2 mg/kg LPS E.coli bodyweight. These groups were 

compared to kidney tissues from normal ADAMTS-13 normal mice (n=3).  

 

 

 

 

 

 

 

 

 

 

 



Results 

129 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.34 Statistical analysis of P-value and Mean difference among groups 

used under study regarding macrophage staining (Figure 3.16)  

These mice received intra peritoneal vWF (Haemate-p) at a dose of 4000 iu per kg plus 

LPS (E.coli O111:B4) at a dose of 2 mg per kg body weight. The three ADAMTS-13 ko 

mouse groups are treated either with the monoclonal inhibitory anti-MASP2 antibody 

OMS721-SGMI2 at 10 mg per kg in three doses (day -7,-4,-1) (n=12), or treated with 

isotype control antibodies using the same doses and at the same times of the OMS721-

SGMI2 Abs (n=12), or mice given saline alone (n=12) in comparison to normal kidney 

tissue samples (n=3).  

Comparison of stained sections has been done after capturing images under light 

microscope by special software called image j. Statistical comparison by One way Anova 

test revealed significant increase in level of macrophage infiltration in tissues of kidneys 

of mice in all groups in comparison to the normal kidney tissues .P-value between the 

saline treated group (11 sample) and normal tissue samples is≤0.01(Tukey
,
s multiple 

comparison test), isotype treated group (11 sample) and normal tissues(3 samples)  is 

≤0.001(Tukey
,
s multiple comparison test) while it is ≤ 0.05(Tukey

,
s multiple comparison 

test) between  OMS721-SGMI2 Ab treated group( 10 samples) and normal tissue. On the 

other hand there is no significant difference among the OMS721-SGMI2 Ab treated 

group, isotype Ab treated group and saline treated group with P-value >0.05(Tukey
,
s 

multiple comparison test).     

One Way Anova  Tukey
,
s multiple comparison test 

Mouse groups 

Summary of 

 P-value 

Means  

difference 

Saline treated control group vs.  

Isotype Ab treated group NS>0.05 
0.03182 

Saline treated control group vs. 

OMS721-SGMI2 Ab treated group. NS>0.05 
0.2076 

Saline treated control group vs.  

Normal mouse tissue Yes**≤0.01 
0.9303 

Isotype Ab treated group vs.  

OMS721-SGMI2 Ab treated group NS>0.05 
0.2395 

Isotype Ab treated group vs.  

Normal mouse tissue Yes***≤0.001 
0.9621 

OMS721-SGMI2 Ab treated group vs. 

Normal mouse tissue Yes*≤0.05 
0.7227 
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3.3.4 Hematoxylin/Eosin staining of Kidney sections from 

ADAMTS-13 ko mice 

  Hematoxylin/Eosin staining of formalin fixed paraffin embedded kidney sections has 

been done on kidney samples from ADAMTS-13 ko mice that have been given vWF in 

a dose of 4000 iu/kg (Haemate-p from CSL-Behring,UK), together with LPS from 

E.coli O111:B4 2mg/kg (Sigma). These mice were given different types of treatments 

before the challenge with vWF and LPS. Mouse groups were either treated with 

OMS721-SGMI2 Ab. (n=12), saline (n=12) or isotype Ab. (n=12). Groups were 

compared to normal ADAMT-13 kidney sections (5) slides. Sections were examined 

thoroughly under light microscope. 

Hyaline cast collections have been noticed in most of the animals used in this study. 7 

out of 12 ADAMTS-13 ko mice treated with saline, 8 mice out of 12 treated with 

isotype and 7 out of 12 treated with OMS721-SGMI2 Ab show this feature in the 

kidneys. On the other hand normal mouse sections show no cast collections. (See figure 

3.20). The integrity of glomerular structure has been reviewed for all mice used in the 

experiment. No extensive glomerular lesions have been found in kidney sections from 

mice used in the experiment, with no clear differences from the normal mouse samples 

(see figure 3.21).    
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Figure 3.20 Hematoxylin/ EOSIN staining showing cast formation of kidney 

sections from ADAMTS-13 KO mice that were challenged with vWF 4000 iu/kg 

plus LPS 2mg/kg with or without inhibition of the lectin pathway. 

 A- ADAMTS-13 ko mice treated with OMS721-SGMI2 Antibody. B-ADAMTS-13 

KO mice treated with saline. C- ADAMTS-13 KO mice treated with isotype control 

Antibody. D- Normal ADAMTS-13 KO mice kidney sections.   

     The yellow arrow marks the cast accumulation within the renal tubules.                          
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Figure 3.21 Hematoxylin/Eosin staining showing glomerular changes of kidney 

sections from ADAMTS-13 deficient mice that were challenged with vWF 4000 

iu/kg body weight plus LPS 2mg/kg body weight with or without inhibition of the 

lectin pathway.  

 A- Normal ADAMTS-13 deficient mice kidney sections. B-ADAMTS-13 deficient 

mice treated with saline. C- ADAMTS-13 deficient mice treated with OMS721-SGMI2 

Antibody. D-ADAMTS-13 deficient mice treated with isotype control Antibody.  

                 The green arrow marks different glomeruli in the kidney sections 
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3.4 Supportive data for TTP mouse model 

3.4.1 Genotyping of ADAMTS-13 ko mice 

ADAMTS-13 knockout mice and their wild type and heterozygous littermates were identified 

using the standard PCR reaction.  The mutant band is 290 bp, the wild type band is 361 bp and 

the heterozygote has two bands 290 bp and 361 bp. 

 

 Figure 3.22 Genotyping of ADAMTS-13 deficient mice. 

 Mutant mice show band  size of  290bp, the wild type mice show band size of  361bp while 

heterozygous mice show the both bands ( 361bp and  290) .Lanes of the gel are given numbers. 

Lane 1 is the 1kb plus DNA ladder. Lane 2 is the Blank negative control. Lanes 3, 5 and 11 are 

heterozygous mice showing two bands 290 bp mutant band 361bp wild type band. Lanes 4, 

6,7,8,9, and 10 are wild type mice with 361bp size band. Lanes 12, 13, 14 and 15 are knochout 

mice showing band of 290 bp size.   
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3.4.2 Inhibition of the lectin pathway by anti-MASP-2 

OMS721-SGMI2 antibody 

C3 cleavage and deposition were measured by ELISA on serum samples collected from 

ADAMTS-13 deficient mice pre-treated through i.p. injections with anti-MASP-2 

inhibitory antibody OMS721-SGMI2 and its isotype control antibody ET-904 each 

injected at a dose of 10mg/kg body weight on day -7, day-4, and day-1. Assessment of 

the C3 deposition in mouse sera shows clear inhibition of the lectin pathway in 

comparison to the isotype control antibody or saline treated mice,  at all experimental 

levels (p-value ≤0.0001) which is similar at all three experimental levels (See figure 

3.23 ). On the other hand there is no significant difference between the saline treated 

mice and isotype antibody treated mice groups (p-value>0.05).   
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Figure 3.23: Inhibition of the complement lectin pathway by anti-MASP-2 

antibodies (OMS721-SGMI2).  

C3 activation and C3b/iC3b/C3dg deposition via lectin pathway of complement activation in 

sera of mice that received anti-MASP-2 inhibitory antibody OMS721-SGMI2, or its isotype 

control antibody ET904 given i.p. (10mg/kg body weight) in groups of mice tested in three 

experimental severity levels of TTP challenged with i.p. vWF (Haemate-p) and LPS (E.coli 

O111:B4). A- Mice used in experimental level of vWF 2000 iu/kg dnb  hgiew  dob 0.5 mg/kg 

body weight LPS (n=12 per group) B- Mice group used in experimental level of vWF 2000iu/kg 

body weight plus LPS 2mg/kg body weight (n=6 per group) C- Mice used in experimental level 

of vWF 4000 iu/kg body weight with LPS 2mg/kg body weight (n=12 per group). In all cases 

antibodies were given i.p. at a dose of 10mg/kg body weight on day -7, day -4 and day -1. Sera 

of the antibody treated mice of the different experimental groups were compared to samples 

from the saline pre-treated mouse group that was given saline three times in parallel to the 

antibody treatment sessions.    

Serum samples were diluted at 1:100 in Barbital buffer saline with Ca++ and Mg++. The 

measurement of complement activation was achieved by incubating 100 µl of the diluted 

serum samples in duplicate wells in a microtitre ELISA plate coated with 1 µg Mannan. C3 

deposition on plate then measured after addition of substrate by reading OD at 405nm.    
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vWF and 

 LPS dose 

Mean difference 

between 

OMS721-SGMI2 

treated  group and 

isotype antibody 

(ET-904)treated 

group 

P-value Mean   difference 

between OMS721-

SGMI2 treated group 

and saline treated group 

P-value 

2000iu/kg 

vWF and 0.5 

mg/kg LPS  

0.7008 

 

≤0.0001 

(****) 

0.7504 

 

≤0.0001 

(****) 

2000iu/kg 

vWF and 

2mg/kg LPS 

0.6206 

 

≤0.0001 

(****) 

0.6891 

 

≤0.0001 

(****) 

4000 iu/kg 

vWF and 

2mg/kg LPS 

0.6742 

 

≤0.0001 

(****) 

0.6632 

 

≤0.0001 

(****) 

 

Table 3.35 Statistical comparisons of the C3 deposition of sera from mouse groups 

in figure (3.23) after ip injection of mice with anti-MASP-2 Ab (OMS721-SGMI2) 

and its isotype Ab (ET-904).  

Mice received the antibodies at a dose of 10 mg/kg per dose in three doses (day -7, -4, 

-1) , or its isotype control antibody (ET-904) 10 mg/kg per dose in three doses (day -7, 

-4,-1)  or saline. Statistics using one way Anova test revealed statistically significant 

lower C3 deposition rate in the sera of mice treated with anti-MASP-2 compared to 

those sera from mice treated with isotype antibodies or saline, p-values were calculated 

by Tukey
,
s multiple comparison test. 
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3.4.3 Protection of wild type mice from thrombosis due to 

FITC photo-illumination after injection of anti-human 

monoclonal anti-MASP2 antibodies. 

    In vivo light-dye injury in mouse cremaster venules has been done on C57BL/6 male 

mice under terminal anesthesia after intravenous injection of these mice with OMS721 

monoclonal inhibitory anti-MASP-2 or isotype non-inhibitory antibodies (ET904) in a 

dose of 10mg/kg in two divided doses. The first dose was given intraperitonially 12 

hours before the experiment and the second dose was given by intra-arterial route 10 

minutes before experiment .Time required for complete closure of the venules in the 

dissected cremaster muscles of OMS721 treated mice is significantly longer than time 

required by venules of dissected cremaster muscles of the isotype Ab treated mice 

group. Statistics using unpaired-t test showed that P-value ≤0.05. The Mean ± SEM of 

the time required by venules to completely close is 19.75±2.428 for isotype treated 

group and 32.50±5.447 for the OMS721 antibodies treated group. The mean difference 

between the two groups is 12.75 ± 3.649. Results show that inhibition of Lectin 

pathway of C57BL/6 mice by OMS721 monoclonal inhibitory antibodies prolongs the 

time required by venules of cremaster muscle to get a complete thrombosed lumen in 

comparison to isotype treated mice (Figure 3.24, Tables 3.35, 3.37 and 3.38).     
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Figure 3.24  Protection of wild type mice from thrombosis due to FITC photo-

illumination after injection with monoclonal anti-MASP2 antibodies  

 Two groups of C57BL/6 mouse males received either 10mg/kg body weight of OMS721 

monoclonal inhibitory anti-MASP-2 antibodies or isotype control non-inhibitory antibodies 

(ET-904). Cremaster muscle of these males was dissected. Application of illumination with 

intensity ranges between 800 and 1500 AU under terminal anesthesia using intravital 

microscopy shows that blood vessels of mice treated with OMS721 anti-MASP-2 antibodies 

needed significantly longer time to be occluded by thrombus than blood vessels of mice treated 

with isotype control antibodies. The statistical test used for analysis was the unpaired t 

test;*p<0.05. Data are represented as Mean±SEM.  

 

 

 

 



Results 

139 
 

 

 

 

 

 

 

 

 

 

 Table 3.36 statistics comparison table time required for complete occlusion 

of venules of cremaster muscles of C57/BL6 males after exposure to FITC 

photo-illumination with or without inhibition of the lectin pathway 

Two groups of C57BL/6 mouse males received either 10mg/kg of OMS721 

monoclonal inhibitory anti-MASP-2 antibodies or isotype control non-inhibitory 

antibodies (ET-904). Cremaster muscle of these males was dissected. Application of 

illumination with intensity ranges between 800 and 1500 AU under terminal anesthesia 

using intravital microscopy shows that blood vessels of mice treated with OMS721 

anti-MASP-2 antibodies needed significantly longer time to be occluded by thrombus 

than blood vessels of mice treated with isotype control antibodies. The statistical test 

used for analysis was the unpaired t test;*p<0.05. Data are represented as Mean±SEM.  

 

 

 

 

 

 

 

 

 

Groups compared Summary of  P- value  Mean difference 

minutes 

WT mice treated 

with OMS721 Abs 

vs. 

WT mice treated 

with isotype Abs 

 

 

Yes *0.0129 12.75 ± 3.649 
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Parameter (minutes) 

WT mice treated 

with isotype Abs 

WT mice treated with 

OMS721 Abs 

Mean 19.75 32.50 

SD 4.856 5.447 

SEM 2.428 2.723 

 

Table 3.37 Mean, SEM and SD of time required for complete thrombosis 

of cremaster muscle venules (Figure: 3.24) after exposure to FITC photo-

illumination with or without inhibition of the lectin pathway  

 Two groups of C57BL/6 mouse males received either 10mg/kg of OMS721 

monoclonal inhibitory anti-MASP-2 antibodies or isotype control non-inhibitory 

antibodies (ET-904). Cremaster muscle of these males was dissected. Application of 

illumination with intensity ranges between 800 and 1500 AU under terminal 

anesthesia using intravital microscopy shows that blood vessels of mice treated with 

OMS721 anti-MASP-2 antibodies needed significantly longer time to be occluded by 

thrombus than blood vessels of mice treated with isotype control antibodies. The 

statistical test used for analysis was the unpaired t test;*p<0.05.  
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Mouse group Mean of blood 

vessel diameter 

± SEM (µm) 

Mean of blood  

velocity± SEM 

(cm/sec) 

Mean of 

fluorescence 

intensity±SEM(AU) 

WT mice with 

OMS721 Ab  

33.5 ± 1.4 2.1 ± 0.2 1081.7±64.7 

WT mice with 

isotype Ab 

32.3 ± 1.5 2.6 ± 0.4 1064.2± 89.4 

 

Table 3.38 Mean± SEM of the blood vessels diameter and blood flow in 

the blood vessels of cremaster muscles, which received photo- illumination 

under the intravital microscopy with or without inhibition of the lectin 

pathway, (Figure 3.24).  
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Chapter Four: Discussion 
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4 Chapter Four: Discussion 

Discussion; 

   Thrombotic thrombocytopenic purpura is a life-threatening thrombotic micro- 

angiopathy. The disease is caused by the impairment of vWF cleavage as a result of the 

deficiency of the enzyme ADAMTS-13. ADAMTS-13 deficiency may be either due to 

autoimmune antibodies against the enzyme or due to congenital deficiency as a result of 

genetic mutations (Vanhoorelbeke & De Meyer, 2013).   

    A high status of complement activation has been described in patients with TTP 

regardless whether or not the pathology is caused by congenital defects in the 

ADAMTS-13 gene or due to auto-immune responses to ADAMTS-13 leading to 

antibody-mediated depletion of this enzyme (Westwood et al., 2013; Reti et al., 2012). 

Although, TTP could theoretically be treated by the replacement of ADAMTS-13, or 

perhaps through an immunosuppressive therapy to prevent exacerbation of auto immune 

TTP or through plasma exchange, a replacement therapy would only work if the cause 

of disease was congenital. Most recently, a successful therapeutic case study of a patient 

with congenital TTP resulting in a complete deficiency of ADAMTS-13 was reported 

by using the complement C5 inhibitor Eculizumab (a monoclonal anti-C5 antibody that 

inhibits the activation of C5 and the formation of the terminal activation cascade) and 

was reported to improve the patient condition.  Although it is early days and it is not 

always easy to draw general conclusions from single patient case studies, this study 

underlines that Complement activation is closely involved in the pathophysiology of 

TTP (Pecoraro et al., 2015). Refractory auto immune TTP due to anti-ADAMTS-13 

auto-antibodies was also shown to respond with amelioration of disease severity 

following application of Eculizumab in case of a 27 year old man with a history of 

refractory TTP who did not respond to plasma exchange, steroid treatment and 

vincristine. This patient presented with very low platelet counts, haemolysis, renal 

failure, high LDH levels, low ADAMTS-13 enzyme levels (less then <5% of the norm) 

and high titers of auto-immune IgG anti-ADAMTS-13 antibodies. The application of 

Eculizumab improved the patient’s platelet counts to a normal level and led to a decline 

of creatinine and LDH to normal levels and made this patient independent from dialysis. 

4 weeks after stopping Eculizumab treatment, acute exacerbation of TTP occured with 
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rapid decline in platelet counts and rapid increase in LDH and creatinine. Re-treatment 

of this patient with Eculizumab dramatically improved the patient’s clinical and 

laboratory parameters (Chapin et al., 2012).        

    Based on the proof of principle provided by my experimental mouse study, the FDA 

approved an investigator requested Compassionate use license for Omeros Corporation 

to initiate a clinical trial for the MASP-2 inhibitor OMS721 in patients with different 

thrombotic micropathies including aHUS and TTP. The phase 2 clinical trials included 

2 patients with aHUS and 1 patient with TTP in a mid-dose cohort study and 1 patient 

with aHUS in a high-dose cohort study. Patients with aHUS in the mid-dose cohort 

experienced a highly significant improvement of their clinical disease symptoms during 

the treatment. Platelet counts increased by about 47%, Schistocyt counts decreased by 

86% and plasma LDH activity declined by 5%. The aHUS patient  in the high-dose 

cohort stopped being dependent on  haemodialysis following the treatment with 

OMS721, his platelet counts increased by 63%, schistocytes disappeared completely 

with normalization of Haptoglobin level rising up from undetected level to normal state 

in addition to 43% decline in LDH level to reach near normal level and 24% decline in 

creatinine level. Regarding the TTP patient, who was included under the mid-dose 

cohort, he stopped requiring repeated plasma therapy upon starting the OMS721 therapy 

and after the completion of the therapy he continued to show less disease symptoms 

over most of the laboratory parameters (Omeros Corporation, phase 2 clinical trial of 

OMS721(http://investor.omeros.com/phoenix.zhtml?c=219263&p=irol-

newsArticle_Print&ID=2080177 ). 

In conclusion, my experimental mouse work and the OMS721 clinical trials have 

demonstrated a critical role of the lectin activation pathway in the pathophysiology of 

TTP and other micro-angiopathies. However, the therapeutic utility of inhibiting 

MASP-2 functional activity is not only restricted to TTP and aHUS but the therapeutic 

depletion of MASP-2 functional activity also shows therapeutic efficacy in other 

inflammatory pathologies, such as ischemia reperfusion injury as shown in mouse 

models of renal ischemia reperfusion where absence of MASP-2 functional activity 

shows a significant degree of protection against inflammation (Farrar et al., 2012; 

Farrar et al., 2016).  

http://investor.omeros.com/phoenix.zhtml?c=219263&p=irol-newsArticle_Print&ID=2080177
http://investor.omeros.com/phoenix.zhtml?c=219263&p=irol-newsArticle_Print&ID=2080177
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    Our mouse model of TTP depends on the delivery of high dose of vWF (2000 iu/kg- 

4000 iu/kg) into the circulation of B6.129-ADAMTS-13
tm1Dgi/J 

mice, which have genetic 

mutation of ADAMTS13 gene leading to absence of ADAMTS-13 enzyme in their 

circulation. LPS from E.coli O111:B4 (used at doses of 0.5-2 mg/kg body weight) has 

been used as an additional stimulus for the induction of TTP. Absence of ADAMTS-13 

enzyme impairs the cleavage of the UL-vWF multimers to smaller less active ones 

which increases risk of platelet aggregation leading to TTP. During the coagulation 

process vWF folds open and unveil their A2 domain so ADAMTS-13 enzyme can 

cleave the vWF multimers to smaller ones by cleaving the vWF at its cleavage site in 

the A2 domain, so Abscence of ADAMTS-13 enzyme will increase the coagulation 

process when there is high level of vWF (Siedlecki et al., 1996) . ADAMTS-13 enzyme 

has a reductase activity that can reduce the thiol groups on the surface of the vWF 

multimers preventing them from binding to each other to give rise to a larger vWF 

multimers with highest coagulation ability than small ones, so absence of ADAMTS-13 

enzyme will impair this process making ADAMTS-13 deficiency carrys higher 

susceptibility to thrombosis (YEH et al., 2010).  Absence of ADAMTS-13 has been 

found to potentiate inflammation, increase the vWF-dependent leukocyte rolling in 

addition to more leukocyte adhesion and platelet activation during acute inflammatory 

response. These reasons make ADAMTS-13 deficient mice suitable for the 

establishment of a mouse model of TTP and in other thrombotic diseases (Chauhan et 

al., 2008a; Khan et al., 2012; Petri et al., 2010). However, inspite of the importance of 

the absence of ADAMTS-13 enzyme, TTP in many of its attacks requires an additional 

stimulus such as infection, trauma or other stressful conditions to initiate the 

pathogenesis of TTP (Banno et al., 2006). ADAMTS-13 deficient mice on C57BL/6 

background do not spontaneously develop TTP symptoms; the suspected reason behind 

that is low level of vWF therefore they require additional exogenous vWF in order to 

make them more susceptible to TTP after giving additional stimulus which is LPS as 

additional external stimulus to induce disease is required in most of cases (Desch & 

Motto, 2007).  Lipopolysaccharide can activate the platelets and endothelial wall of 

small blood vessels (Zhang et al., 2009; Keepers et al., 2006) , therefore the 

lipopolysaccharide can work as additional stimulus which leads to increase the 

vulnerability to thrombosis and development of TTP upon giving high doses of vWF to 

the ADAMTS-13 deficient mice. 
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ADAMTS-13 deficient mice that received LPS and vWF developed a dramatic decline 

in their platelet counts within 48 hours following the injection time point. The increase 

of vWF dose or LPS dose potentiated platelet decline in the circulation of these mice. 

Mice that received 2000 iu/kg of vWF plus LPS 0.5 mg/kg reserved only 43.66 % of 

their platelets at 15 hours and 20.9% at 48 hours; increasing the dose of LPS to 2 mg/kg 

increased the decline and ADAMTS-13 deficient mice retain only 26% and 10.6 % after 

15 hours or 48 hours respectively. Giving vWF to the mice at a dose of 4000 iu/kg body 

weight in addition to 2m/kg body weight LPS leads to agreater decline in platelet counts 

and the mice only retain 15.8% and 5.157% of their initial platelet numbers after 15 and 

48 hours (Table 3.7). Schiviz and his colleagues developed a TTP mouse model using 

ADAMTS-13 deficient mice on C57BL/6 background. They gave these mice 

intravenous rhvWF at a dose of 2000 iu/kg body weight. Platelet counts in this model 

decline rapidly through 9 hours after injection to about 2.5% in comparison to the 

untreated group. A greater dose of vWF (4000 iu/kg body work), which is double the 

dose used by Schiviz and his colleagues has been used in this study to get very low 

platelet counts (5%).  The requirement for a higher dose (4000 iu/kg body weight) in 

addition to the use of LPS to achieve such low platelet counts in the circulation of 

ADAMTS-13 deficient mice may be due to the difference in the type of vWF used in 

the two models. Schiviz and his colleagues used a recombinant human vWF while 

plasma purified vWF has been used in this study which has lower level of high 

molecular weight multimers vWF than the recombinant one (Schiviz et al., 2012).  The 

platelet loss is most likely caused by consumption of platelets in vWF rich 

microthrombi in the micro blood vessels (George et al., 2002; Desch & Motto, 2007). 

Staining of hvWF in the microcirculation of kidney sections of ADAMTS-13 deficient 

mice that received vWF 4000 iu/kg and LPS 2mg/kg using rabbit anti-human vWF 

polyclonal antibodies (Dako) in paraffin embedded tissue sections showed presence of 

vWF rich platelet aggregates. This pattern of staining is absent in normal kidney 

sections used as comparison controls (Figures 3.16, 3.17; Tables 3.31, 3.32). Therefore 

this staining is not coming from cross reactivity with murine vWF in the mouse 

circulation. Our findings are consistent with findings reported by Schiviz and his 

colleagues as they report vWF rich platelet aggregates the micro blood vessels after 

staining with rabbit anti-human vWF polyclonal antibodies (Dako) (Schiviz et al., 

2012). On the other hand Motto et al. reported sporadic vWF rich thrombi in different 

organs after injection of shigatoxin in ADAMTS-13 ko mice (Motto et al., 2005). Post 
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mortem histological study showed formation of multiple thrombi in different organs of 

CAST/Ei ADAMTS-13 deficient mice which received rmvWF (10mg/kg) or 

shigatoxins 250pg/gm body weight in comparison to the wild type mice (Pickens et al., 

2015). 

   Inhibition of lectin complement pathway by monoclonal inhibitory anti-MASP-2 

antibodies OMS721-SGMI2 has been found to be able to save additional platelets in the 

ADAMTS-13 circulation enabling them to preserve significantly more platelet counts  

than in saline treated or isotype control antibodies treated groups in all vWF and LPS 

dosing levels. When ADAMTS-13 deficient mice were given vWF 2000 iu/kg plus 

0.5mg/kg body weight LPS, the OMS721-SGMI2 Ab treated mice preserved 53.15 % at 

15 hours in comparison to 43.66% and 42.83% preserved by both isotype and saline 

treated groups. After 48 hours from injection of ADAMTS-13 knockout mice with vWF 

and LPS, mice treated with OMS721-SGMI2 Ab preserved platelets of about 31.88% 

while both isotype antibody  treated and saline treated mouse groups kept about 22.08% 

and 20.91% respectively( Figure 3.4; Table 3.8, 3.9 ). Even after increasing the dose of 

LPS to 2mg/kg, inhibition of the lectin pathway still provides a significant higher 

percentage of platelet counts than the other groups at both 15 hours and after 48 hours. 

OMS721-SGMI2 reserved 38.9% at 15 hours while the mice that received isotype 

control IgG antibodies or saline reserved 25.23% and 26.74% respectively. At 48 hours 

mice that were pre-treated with anti-MASP-2 antibodies retained 24.7% of their initial 

platelet numbers in circulation, which is significantly higher than platelet counts 

preserved in the circulation of mice which are treated with saline that reserve 10.43% or 

isotype antibodies that reserve 10.25% of their platelets respectively (Figure 3.5; Tables 

3.10,3.11). After giving vWF in a dose of 4000 iu/kg and LPS in a dose of 2 mg/kg , 

mice pre-treated with OMS721-SGMI2 still have the ability to keep more significant 

number of platelets than the control groups. Mice treated with OMS721-SGMI2 

preserved about 27.6% µl of their original platelets counts at 15 hours in comparison to 

15.7% and 16.56%l for saline and isotype treated controls. On the other hand after 48 

hours from injection of mice with vWF and LPS, those mice that were treated with 

OMS721-SGMI2 retained about 16.13% of their original platelet counts in comparison 

to 5.15% and 5.24% in saline and isotype treated controls (Figure 3.6; Tables 3.12, 

3.13). 
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 Kidney sections from ADAMTS-13 deficient mice that receive VWF at a dose of 4000 

iu/kgbody weight  and LPS at a dose of 2mg/kg body weight showed after pre-treatment 

with OMS721-SGMI2 significantly lower vWF rich aggregates than isotype control 

pre-treated and saline treated groups, p-value ≤0.05 (Figures 3.16, 3.17; Tables 3.31, 

3.32). Preservation of more significant platelet counts in the OMS721-SGMI2 pre-

treated groups and lower platelet aggregates in kidney sections clearly indicates that 

blocking MASP-2 functional activity and the lectin pathway through OMS721-

SGMI2Ab has a significant  anti-thrombotic effect. This also implies that the lectin 

pathway of complement activation significantly contributes to the pathophysiology of 

inflammatory and thrombotic disorders. The anti-thrombotic activity of OMS721-

SGMI2 is evidenced by significant longer occlusion times of low blood pressure blood 

vessels in cremastric muscles when they are exposed to photo-illumination stimulus 

under intravital microscopy conditions following pre-treatment of mice with OMS721-

SGMI2 in comparison to isotype mAb pre-treated mice with a p-value≤0.05 (Figure 

3.24; Tables 3.36, 3.37, 3.38). MASP-2 is known as a serine protease, which has 

interaction with serine proteases of the coagulation system. Full-length and truncated 

recombinant MASP-2 was described to be able to initiate thrombosis by cleaving 

prothrombin to thrombin leading to the conversion of fibrinogen to fibrin and to 

increased stability of fibrin clots through the activation of the fibrin-stabilising factor 

(factor XIII) which is an important component that stabilises the fibrin clot  ( Krarup et 

al., 2007). MBL, which is an important lectin pathway recognition molecule and as such 

facilitates MASP-2 activation, also contributes to thrombosis.  The application of FeCl3 

induces thrombotic arterial occlusion within 10 minutes in wild-type mice and in 

C2/factor B-double deficient mice. MBL-knockout mice and MBL-associated serine 

protease (MASP)-1/3 knockout mice showed significantly less FeCl3-induced 

thrombosis. Reconstitution of MBL by recombinant human (rh) MBL restored 

thrombogenicity after application of FeCl3 in MBL-knockout mice to a nearly similar 

level to wild type mice (La Bonte et al., 2012). Using aggregometry, whole blood 

aggregation is found to be significantly less in the blood from MBL ko mice than wild 

type whole blood, on mannan-coated cuvettes, after stimulation of aggregation by using 

1 mg/ml collagen with p-value ≤ 0.05. (La Bonte et al., 2012). Absence of MBL as 

reported by d e la Rosa et al., implies significant protection of cerebral tissue from 

damage during acute ischemia after performing middle cerebral artery 

occlusion/reperfusion. MBL deficient mice have less infarct size, less severe 
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neurological signs, better blood flow at the reperfusion stage and less thrombotic events 

in the micro blood vessels than wild type mice (de la Rosa et al., 2014). Inhibition of 

MBL activity in left coronary artery ischemia reperfusion mouse model by monoclonal 

inhibitory anti-MBL antibodies significantly reduce infarct size to 39%, myocardial 

creatinin kinase by 48%, and neutrophils infiltration by 47% in comparison to the 

control mice(Jordan et al., 2001).   

    Lactate dehydrogenase activity elevated in the plasma of ADAMTS-13 ko mice in 

this model after receiving LPS and vWF. Mice that received vWF 2000 iu/kg and LPS 

0.5mg/kg have double the LDH level of the normal mice while those that received vWF 

2000 iu/kg and LPS 2 mg/kg have LDH activity which is triple LDH activity level in 

the plasma of normal. Increasing the dose of vWF to 4000 iu/kg plus 2mg/kg body 

weight of LPS leads to profound increase in LDH activity level to 5 times the level of 

LDH activity in plasma of normal mice (Table 3.14). Lactate dehydrogenase enzyme is 

an intracellular enzyme liberated from cells due to cellular damage or malignancies as 

multiple myeloma or due to intravascular haemolysis of the red blood cells. It is usually 

elevated in patients with TTP attack and returns to normal after remission (Scully et al., 

2012; Patton et al., 1994; Dimopoulos et al., 1991). LDH is regarded as a useful 

laboratory parameter of intravascular haemolysis such as thrombotic thrombocytopenic 

purpura and paroxysmal nocturnal haemoglobinurea in contrast to extra vascular 

haemolysis where its blood levels are slightly elevated, as in autoimmune haemolytic 

anaemia (Tabbara, 1992; Kato et al., 2006). Other studies of TTP also show elevation of 

LDH plasma activity level. Schiviz et al. reported high level of LDH activity in plasma 

of ADAMTS-13 ko mice after challenge with rhvWF in a dose of 2000 iu/kg which 

reaches around 5 times the normal level in normal mice (Schiviz et al., 2012). Plasma 

Lactate dehydrogenase level also elevated in baboons in the next 48 hours after 

inhibition of ADAMTS-13 enzyme by monoclonal antibodies (Feys et al., 2010).     

   Mice pre-treated with OMS721-SGMI2 show significantly lower levels of LDH than 

the pre-treated control groups throughout all severity levels of TTP induction. After 

injection of ADAMTS-13 deficient mice with vWF 2000 iu/kg body weight and LPS 

0.5 mg/kg body weight, the mean difference between the OMS721-SGMI2 pre-treated 

group and saline treated group is 142 with p-value ≤0.0001, while the mean difference 

between OMS721-SGMI2 pre-treated group and the isotype control mAb pre-treated 

group is 154 p-value ≤0.0001 (Figure 3.7; Tables 3.15 and 3.16) . After i.p. injection of 
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ADAMTS-13 deficient mice with vWF 2000 iu/kg body weight plus 2mg/kg body 

weight LPS, the mean difference between OMS721-SGMI2 pre-treated group and saline 

treated group is 222.5 with P-value ≤ 0.01. The mean difference between OMS721-

SGMI2 pre-treated group and isotype Ab pre-treated group is 247.2 with P-value ≤ 0.01 

(Figure 3.8; Table 3.17, 3.18). The significantly lower LDH activity of the OMS721-

SGMI2 pre-treated group is also reported when ADAMTS-13 deficient mice received 

vWF at a concentration of 4000 iu/kg plus LPS (2mg/kg body weight). The mean 

difference between OMS721-SGMI2 pre-treated group and saline treated group is 370.8 

and p-value ≤0.0001. The mean difference between OMS721-SGMI2 pre-treated group 

and isotype Ab treated group is 303.1 with p-value ≤0.0001 (Figure3.9; Table 3.19, 

3.20). These lower LDH levels may result from lower platelet aggregation in the micro- 

vasculature with lower mechanical damage of red blood cells leading to a lower level of 

LDH release in OMS721-SGMI2 pre-treated mice. This is also supported by 

significantly higher levels of haptoglobin in the plasma of ADAMTS-13 deficient mice 

pre-treated with OMS721-SGMI2 following TTP induction with vWF at a 

concentration of 4000 iu/kg body weight plus LPS 2mg/kg body weight, resulting from 

less haemolysis in the OMS721-SGMI2 pre-treated group than in the other groups 

(Figure 3.10; Tables 3.21, 3.22). Haptoglobin binds to haemoglobin released during 

haemolysis and haptoglobin levels decline significantly after haemolysis leading to very 

low haptoglobin levels under severe haemolytic conditions (Wilke et al., 1992). 

Haptoglobin levels decline during the acute attack of TTP and may reach levels beyond 

the limits of detection. Haptoglobin levels declined in Baboons who received 

ADAMTS-13 inhibitory antibodies and some of them reached undetected level after 72 

hours from inhibition of ADAMTS-13 by the antibodies (Feys et al., 2010). Treatment 

of TTP decreases consumption of platelets by micro thrombi, decreases the mechanical 

destruction of red blood cells and lowers haemolysis leading to lower lactate 

dehydrogenase and higher Haptoglobin level (Rock, 2000; Zecca et al., 2003).    

   Blood Urea Nitrogen (BUN) levels have been determined throughout all severity 

levels of TTP induction (the different vWF and LPS doses used to induce TTP in 

ADAMTS-13 deficient mice . BUN levels increased subsequently when doses of vWF 

and LPS were increased. BUN remained normal when mice received vWF at a dose of 

2000 iu/kg body weight and LPS at a dose of 0.5 mg/kg body weight (Figure 3.11; 

Tables 3.23, 3.24). 
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 BUN levels were significantly elevated in comparison to the normal mouse samples 

with no significant statistical difference among mouse groups that received vWF at 

doses of 2000 iu/kg body weight and LPS at doses of 2mg/kg body weight. (see Figure 

3.12; Tables 3.25, 3.26).   

There is, however, no significant difference among the treatment groups, p-value>0.5. 

Increasing the dose of vWF to 4000 iu/kg in addition to LPS 2mg/kg leads to 

significantly higher BUN than normal mice with p-value≤0.0001 regardless of the type 

of the treatment. On comparison among treatment groups themselves, the OMS721-

SGMI2 pre-treated group has lower BUN than isotype treated or saline treated groups 

with non-significant statistical difference P-value >0.05 (Figure 3.13; Tables 3.27,3.28). 

Kidney impairment is seen in many cases presenting with TTP, spanning a wide range 

of damage or impairment of renal function which vary from normal, to mild, to 

moderate or severe with high or borderline elevated BUN levels, proteinuria or 

haemoglobinuria. Renal insufficiency may be reversibly acute or chronic according to 

severity, duration or frequency of attacks (Pecoraro et al., 2015; Tsai, 2007). Secondary 

ADAMTS-13 deficiency is reported in patients with sepsis and disseminated 

intravascular coagulation (DIC). Patients with DIC who have low level of ADAMTS-13 

enzyme (<20%) in their circulation have higher incidence of renal impairment than 

patients with ADAMTS-13 enzyme activity >20% in their circulation (Ono et al., 

2006).Clear acute renal failure is reported in the 12 years old case report of congenital 

TTP and has serum urea of 346mg/dl with a need for hemodialysis before starting 

treatment with Eculizumab (monoclonal inhibitory anti-C5 antibodies).After finishing 

treatment patient diuresis improved with no further  requirement for dialysis (Pecoraro 

et al., 2015). Clear renal impairment with TTP in patients or in animal models is not 

always reported. None of the baboons, who were treated with monoclonal inhibitory 

anti-ADAMTS-13 antibodies and developed severe thrombocytopenia, developed renal 

failure. All of the animals had normal BUN and serum creatinine level (Feys et al., 

2010). 

    Treatment of ADAMTS-13 deficient mice that received vWF and LPS OMS721-

SGMI2 showed borderline effect on protection against elevation of BUN. Eve though 

mice treated with OMS721-SGMI2 antibodies have lowers BUN than the other groups, 

no significant statistical difference has been found. It is clear that the increase in BUN 

level is not very high in all mouse groups and does not exceeds 50% more than the 
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normal mice samples even at the highest dose of vWF and LPS. BUN in advanced renal 

failure can reach very high levels. It is not clear whether OMS721-SGMI2 can protect 

against renal impairment or not as the effect on the kidney was not so severe as to give 

more clearly renal function impairment. Renal impairment is not always observed in 

animal studies of TTP model as (Tsai, 2007; Feys et al., 2010).  

  Body weight of all mouse groups of all dosing levels of vWF and LPS developed 

statistically significant body weight decline from their original body weight. Body 

weight loss increased directly with the increase of doses of both vWF and LPS. 

Although ADAMTS-13 mice that were treated with OMS721-SGMI2 got less body 

weight loss than other treatment groups when mice were injected with vWF 2000 iu/kg 

and LPS 0.5mg/kg or with vWF 2000 iu/kg and LPS 2 mg/kg with 4000 iu/kg vWF, this 

difference was not statistically significant. Weight loss is also recorded by Schiviz and 

his colleagues who reported a body weight decline in ADAMTS-13 deficient mice that 

receive rhvWF (Schiviz et al., 2012) (See Figures 3.1,3.2,3.3 and their related tables). 

   Macrophage infiltration is significantly higher in kidney sections of ADAMTS-13 ko 

mice that are treated with 4000 iu/kg vWF and 2 mg/kg body weight LPS in comparison 

to the normal tissue samples. Kidney sections from ADAMTS-13 deficient mice treated 

with OMS721-SGMI2 show marginal lower infiltration by macrophages but not to a 

level of statistical significance in comparison to the other treatment groups (Figures 

3.18, 3.19; Tables 3.33, 3.34). Macrophages are activated during inflammation with 

increase in their motility, phagocytosis and migration. LPS increases macrophage 

migration through activation of Toll-like receptor 4 (Tajima et al., 2008). 

Lipopolysaccharide has been found to increase activation of macrophages in the 

pathophysiology of HUS (Tsai, 2006). Activation of platelets during aggregation can 

induce leukocytes activation and accumulation at the site of thrombosis by release of 

mediators such as p-selectin (Palabrica et al., 1992).  

 Sirius red for staining of collagen and fibrous tissues showed no significant difference 

in the fibrous tissue distribution in ADAMTS-13 deficient mouse kidney sections of all 

groups that received vWF 4000 iu/kg plus LPS 2mg/kg regardless of the treatment 

group (Figures 3.14, 3.15; Tables 3.29, 3.30). This result is consistent with normal 

histology revealed by E/H staining except cast formation was seen in the kidney 

sections of vWF and LPS treated mice (See figures 3.20, and 3.21).  In another study, 
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only minimal tubular necrosis has been found with kidney sections obtained from 

ADAMTS-13 deficient mice after 72 hours from injection with rhvWF (2000 iu/kg) 

compared to untreated mice sections, although the mice developed rapid fast decline to 

2.5% of their initial platelet counts with no lesions in the brain of the treated mice. 

However cardiac changes with necrosis and hemorrhage has been found after 30 

minutes from intravenous infusion of the rhvWF (Schiviz et al., 2012).  

   Although in man TTP is a disease condition leading to a devastatingly high mortality 

rate of 90% in untreated cases (Rock et al., 1991) , all ADAMTS-13 deficient mice used 

in this model survived after this single-dose challenge of LPS and vWF, even when the 

highest challenge dose of 4000iu/kg body weight vWF and 2 mg/kg body weight LPS 

was given. The micro-thrombi formed in the micro blood vessels are not extensive 

enough and they did not lead to complete obstruction and organ damage, which could 

result in organ failure and death despite the big decline in platelet counts induced 

through multiple thrombotic events. It may be similar to the pathogenic course of the 

rhvWF induced TTP in ADAMTS-13 deficient mice which developed decline in their 

platelet counts to 2.5% with micro thrombi in micro blood vasculature without reporting 

any dead mouse (Schiviz et al., 2012). Baboons that received anti-ADAMTS-13 

antibodies recovered from their TTP episode after the disappearance of these antibodies 

(Feys et al., 2010). On the other hand injection of Shigatoxin 2 (200-250 pg/gm body 

weight) caused mortality rate of about 20% among Adamts13 ko mice with C57BL/6 

back ground which was equal to the mortality rate reported in the wild type mouse 

controls. This mortality rate may be due to strong effects of shigatoxin on renal and 

neurological tissues (Keir et al., 2012). The TTP model is like a puzzle where more than 

one factor can interfere. TTP is not only depending on ADAMTS-13 deficiency and 

vWF level or quality but may be on the additional factors that precipitate TTP attack 

like infection or trauma , the potency of these factors, duration of exposure or repetition 

of the injury. Strain background of ADAMTS-13 ko mice is also crucial factor which 

can affect the clinical and pathophysiological course of the disease. Normally 

ADAMTS-13 deficient mice on C57BL/6 and 129 XI/SVJ mixed backgrounds or those 

who were established on pure B129 XI/SVJ back ground show normal hematological 

parameters with normal tissue histology in comparison to ADAMTS-13 ko mice 

generated on CASA/RK genetic background crossed with C57BL/6-129XI/SVJ which 

show less platelet count less hemoglobin and less survival rate with 5-10 times 
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greaterlevel of vWF in their circulation (Motto et al., 2005; Banno et al., 2006; 

Fujimura et al., 2009; Vanhoorelbeke & De Meyer, 2013).  

  Our mouse model using high dose of vWF and LPS has clear pathologic outcome 

regarding haematological and biochemical changes recorded with TTP disease with 

clear disease protection by inhibition of the lectin pathway by monoclonal inhibitory 

anti-MASP-2 antibodies (OMS721-SGMI2) in spite of the absence of mortality and 

clear tissue damage of kidney sections stained by hematoxylin / eosin stain. Stronger, 

repeated stimuli or interbreeding with CASA/RK genetic background may be needed if 

there is a need for more severe mouse model.   
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5 Chapter 5: Summary and Recommendations 

5.1 Summary 
   The study set out to explore the role of the lectin pathway of complement activation in 

the pathophysiology of thrombotic thrombocytopenic purpura (TTP), and whether 

blocking of the lectin pathway by a monoclonal inhibitory antibody against the central 

lectin pathway effector enzyme MASP-2 has therapeutic utility in the treatment of 

disease. Thrombotic thrombocytopenic purpura is a rare disease caused by the absence 

of ADAMTS-13 either due to genetic mutations  in the ADAMTS 13 gene, or by auto-

immune antibodies against the enzyme itself. TTP is characterised by thrombotic micro 

angiopathy with low platelet counts, mechanical haemolysis, renal impairment, 

neurological symptoms and fever.    

   B6.129-ADAMTS-13
tm1Dgi/J 

mice have been used to set up a mouse model. These 

mice do not develop spontaneous TTP pathology because they have low vWF levels in 

their plasma. For experimental disease induction a high dose of human vWF was given 

to these mice in addition to LPS as an additional external stimulus for the pro-

inflammatory stimulation of endothelial cells and platelets. 

   ADAMTS-13 deficient mice that were given vWF and LPS presented with a decline 

in platelet counts and increased levels of LDH. Changes in platelet counts and LDH 

activity occurred proportional to the increasing the dose of LPS and vWF. Measurement 

of plasma haptoglobin levels was performed in mice that received the highest doses of 

vWF and LPS (vWF 4000 iu/kg body weight and LPS 2mg/kg body weight) revealing 

haptoglobin levels that were lower than normal. Low platelet counts, high LDH levels 

and low haptoglobin levels are likely to result from consumption of platelets by micro 

thrombi and through mechanical damage/haemolysis of red blood cells leading to 

release of intracellular LDH and utilisation of haptoglobin in the circulation by the 

released haemoglobin. BUN levels elevated gradually and were generally higher than 

normal. Mice also developed body weight loss during the course of the disease. 

Histologically, vWF rich platelet aggregates have been detected in the kidney sections 

of Mice injected with vWF and LPS in addition to infiltration with macrophages, 

however E/H stain and Sirius stain of fibrous tissues does not show significant 
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histological changes and injuries therefore, this mouse model may not resemble human 

pathology completely. Although there are significant haematological and biochemical 

changes regarding platelet counts, Haptoglobin and LDH plasma levels which may be 

similar to human pathology, histological changes are significantly less apparent in this 

mouse model than in human disease, which is characterised by extensive tissue damage.  

    In spite of only a moderate degree of severity of disease in this mouse model of TTP, 

the inhibition of the lectin pathway by a monoclonal anti-MASP-2 antibody shows a 

clear and significant protective effect as monitored by haematological and biochemical 

changes in this model. Mice treated with anti-MASP-2 antibodies before the injection of 

vWF and LPS show statistically significantly more preservation of platelets than the 

corresponding isotype mAb and the saline treated control mouse groups. MASP-2 

inhibitor treated mice also show lower plasma LDH activity than isotype and saline 

treated groups and they have significantly higher haptoglobin levels than the isotype 

and saline treated mouse groups. They also show significantly lower vWF rich 

aggregates in their kidney tissue sections than isotype and saline treated groups. 

Although it is statistically not significant, the mice that were treated with anti-MASP-2 

antibodies showed lower level of macrophage tissue infiltration in kidney tissues, lower 

level of BUN, and lower body weight loss than the isotype treated and saline treated 

groups.   

   In conclusion my results strongly imply a critical contribution of the lectin pathway of 

complement activation in the pathophysiology of thrombotic thrombocytopenic purpura. 

This conclusion is supported by significant preservation of platelet counts, significant 

lower LDH levels and higher haptoglobin levels in circulation of mice treated with an 

inhibitory anti-MASP-2 antibody. Inhibition of the lectin pathway of complement 

activation by this therapeutic anti-MASP-2 antibody has shown significant therapeutic 

potential for the treatment of TTP. My experimental animal study has provided the 

critical proof of principal study that convinced the FDA to grant a compassionate use 

license for OMS721 to treat patients with TTP. The results of the resulting clinical trial 

were overwhelmingly positive and based on these results, OMEROS initiated phase 3 

clinical trials for OMS731 in these and other inflammatory disease conditions. 

 (seehttp://investor.omeros.com/phoenix.zhtml?c=219263&p=irol-

newsArticle_Print&ID=2080177,and 

http://investor.omeros.com/phoenix.zhtml?c=219263&p=irol-newsArticle_Print&ID=2080177
http://investor.omeros.com/phoenix.zhtml?c=219263&p=irol-newsArticle_Print&ID=2080177
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http://investor.omeros.com/phoenix.zhtml?c=219263&p=irol-

newsArticle_Print&ID=2158584). 

5.2 Future work: 
   More studies on the role of the lectin pathway and other complement pathways in the 

pathophysiology of TTP using animal models or clinical studies are required to be done. 

Animal models of TTP are required to show pathologies like what is happening to 

human with greater severity level with mortality rate similar to human disease. This 

study calls attention to the role for the inhibition of the lectin pathway of the 

complement system in the treatment of TTP which needs more studies to prove its 

efficacy in treatment of TTP in more severe mouse models or in other animal models, 

therefore it is recommended to: 

1- Use higher dose of vWF ≥6000 iu/kg or more frequent injection of vWF to be 

given to ADAMTS-13 mice which may induce more severe TTP pathology with 

similar histological lesions to human disease  

2- Use of higher doses of LPS >2mg/kg or use of another external stimulus such as 

collagen or shigatoxin  

3- Use recombinant vWF because it usually has greater level of ultra-large vWF 

than plasma purified vWF  

4- Use of  vWF release stimulants such as shigatoxin B subunit, which can activate 

vWF release from the endothelial cells or use of DDAVP (Desmopressin) which 

is used to promote vWF and FVIII release in patients with vWF or FVIII 

deficiency 

5- Use another ADAMTS-13 deficient mouse strain such as  CASA/Rk and 

CAST/Ei which is more susceptible to developing TTP when subjected to 

external stimulus such as Shigatoxins 

6- Use auto-immune antibodies against ADAMTS-13 in wild type mice to induce 

auto immune TTP.  

7- The role of the other components of the complement pathways such as the 

alternative or the classical pathway can also be studied to explain whether they 

contribute to the pathophysiology of TTP or not.  

http://investor.omeros.com/phoenix.zhtml?c=219263&p=irol-newsArticle_Print&ID=2158584
http://investor.omeros.com/phoenix.zhtml?c=219263&p=irol-newsArticle_Print&ID=2158584
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