Chapter 7 – Concluding Remarks​​​​


Since the discovery of MBL and the MASPs a lot of work to characterize the different components of the lectin pathway has been done. After the initial characterization of MBL, the main focus of the research on this protein has been to determine its involvement in various illnesses. Currently through the use of the MBL double   knock-out mice (MBL-A and MBL-C) (Shi et al., 2004) the role of MBL especially in infectious disease has been investigated, and MBL has been shown to decrease the virulence of certain infectious agents (Gadjeva et al., 2004; Moller-Kristensen et al., 2006). On the other hand in scenarios with ischemia/reperfusion injuries in mice MBL has been shown to have a harmful effect, increasing tissue damage (Walsh et al., 2005). This illustrates very well the complicated nature of most immune system mechanisms that at normal circumstances are beneficial but may contribute to host damage if events out of the normal occur. Since MBL is structurally and functionally related to the ficolins the investigation of these has proceeded through similar routes. Currently there are many basic properties of the ficolins that are not known, and some of these I have tried to answer to contribute to the eventual elucidation of the function of the ficolins. 
L-ficolin has been shown to be a versatile protein which is capable of binding to many different surfaces/ligands, and this has made the elucidation of its ligand specificity complicated. Most studies investigating the specificity of L-ficolin utilized inhibition experiments, where the effect of various soluble compounds on L-ficolin binding to a single type of immobilized target was investigated. This kind of study is very crude, since the outcome can depend on the ligand initially selected. In the case of L-ficolin this approach is not very suitable, since it was discovered to have four different binding sites (figure 1.10) (Garlatti et al., 2007a), and three of these are believed to all contribute in binding of carbohydrate oligomers. When the binding specificity of      L-ficolin was investigated using glycan array technology, it to some extent confirmed that acetyl groups are important for L-ficolin binding but also emphasized that other aspects, like the conformation, are equally important (figure 3.11). So far only          L-ficolin has been subjected to such an investigation but it would be beneficial to do the same for both M-ficolin and H-ficolin even though their crystal structures imply a more straightforward recognition mechanism than that of L-ficolin (Garlatti et al., 2007a; Garlatti et al., 2007b). 
To attempt to evaluate the stoichiometry of the L-ficolin/MASP complexes in serum, sucrose density ultracentrifugation was used at both physiological conditions as well as at conditions that dissociate the L-ficolin/MASP complexes. This showed that      L-ficolin in serum is a protein complex composed of approximately 18 polypeptide chains and that at physiological conditions it has approximately 180 kDa of other protein associated. This is consistent with one L-ficolin oligomer associates with only one MASP dimer in serum. 
To express H-ficolin and generate H-ficolin specific antibodies different approaches were tried, but the generation of a stable cell line producing fully functional rH-ficolin took more time than expected. Therefore the generated protein has only been put to limited use. The DXB11-expressed rH-ficolin has been characterized on the macromolecular level and found to form higher order oligomers with an approximate size of 700 kDa (figure 4.16). This material will be used in glycan array screening to attempt to identify H-ficolin specific binding motifs. Additionally it will enable myself and collaborators to undertake binding experiments with different pathogens. These studies will hopefully lead to a better understanding of the in vivo function of H-ficolin. 
Another aspect of the properties of the lectin pathway that is not well understood is the role of the MASPs, since only substrates for MASP2 have been clearly identified, whilst the function of MASP1 and MASP3 is largely unknown. MASP1 has been reported to be able to cleave a few proteins like C3(H2O), factor XIII, gelatin and fibrinogen, but for all the turnover is low suggesting that none of these are physiologically relevant substrates. Therefore I attempted to identify substrates for MASP1 from plasma by subjecting fractionated plasma, depleted of HSA and IgG, to MASP1 treatment. This did not result in the discovery of new substrates for MASP1, as only cleavage of the protease inhibitor α2M could be detected (figure 5.6 and 5.7) and this had been demonstrated earlier (Ambrus et al., 2003). 

Two previous studies have shown that MASP1 has thrombin-like activity, since the MASP1 and thrombin have similar cleavage profiles of tripeptide substrates and both proteins have been demonstrated to cleave and polymerize fibrinogen (Hajela et al., 2002). To investigate this, I analyzed cleavage patterns of both factor XIII and fibrinogen. These findings with factor XIII and fibrinogen did to some extent confirm the prior observations, since factor XIII was found to become activated in the same manner with MASP1 as with thrombin, although approximately 600-fold slower (figure 5.9 and 5.10). Upon incubation of fibrinogen with MASP1 the fibrinogen      β-chain was cleaved at the same site as occurs with thrombin although at a much lower rate (figure 5.12 and 5.13). This cleavage should result in release of fibrinopeptide B, but this could not be detected directly in my experimental setup (figure 5.15 and 5.16). In the case of the α-chain the cleavage patterns by thrombin and MASP1 were different, since MASP1 appeared to degrade the α-chain through a different pattern to that of thrombin (figure 5.13). These data acquired using fibrinogen and factor XIII indicate that MASP1 is not capable of polymerizing fibrinogen the conventional way, but may utilize specific coagulation system components for currently unknown processes.
The complicated nature of the specificity of the MASPs is further emphasized with the discovery of the prothrombin activation potential of MASP2. It was shown that MASP2 like factor Xa was capable of cleaving prothrombin generating active thrombin capable of polymerizing fibrinogen (figure 6.3 and 6.8). Additionally the outcome of the prothrombin activation was shown to be deposition of fibrin and covalent cross-linking of it to the MASP2-activating surface, indicating that fibrin polymerization/deposition may be involved as an immune system effector mechanism (figure 6.10). Previously MASP2 was believed only to serve one purpose, which was the activation of complement through the cleavage of C4 and C2, but with the discovery of the prothrombin activation it does appear as if MASP2 has additional roles. The prothrombin activation proceeds slower than the C4 and C2 activation but is specific for MASP2, since the classical pathway activator C1s does not cleave or activate prothrombin and the recognition mechanism resembles that of C2 (figure 6.7 and 6.9). 

Currently the only used method for estimating the activity of activated MASP2 is the C4 deposition assay (Thiel et al., 2002). This assay has some shortcomings due to substrate instability upon storage, and because it requires a binding step (binding MBL to mannan) at 1 M NaCl to avoid C4 turnover through the classical pathway. Therefore an alternative assay based on prothrombin activation was developed, since it, unlike the C4 deposition assay, has a very stable substrate (prothrombin), and the binding step can be carried out at physiological conditions as there is no interference from C1s. This will therefore make it possible to more closely emulate the in vivo situation, during the binding step. The relevance of this was shown when the MASP2 activity was investigated with the D120G homozygous individual. Little or no activity could be measured at 1 M NaCl, but at physiological conditions the MASP2 activity could clearly be detected (figure 6.16). The main limitation of the assay is the large sample volume required due to the low activation potential of prothrombin by MASP2. Additionally it is also more labor intensive than the C4 deposition assay, due to the transfer of well contents after the activation step. This process currently has to be done carefully by hand but may be automated in the future enabling the use of the prothrombin assay in routine application. 
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