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Multiple sclerosis (MS) is the best known demyelinating disease in young adults.  As in 

all other demyelinating pathologies, the ultimate cure of the disease can likely only be 

provided by replacing or stimulating the cells that malfunction. However, most 

therapeutic approaches still focus on modulating the immune system, which is (also) 

intimately involved in the etiology of the disease. This ‘choice’ seems to be particularly 

dictated by the void of knowledge on cell replacement therapies and environmental 

factors that regulate cellular properties in situ, including myelination. In the central 

nervous system (CNS) oligodendrocytes (OLGs) are the only cells that are capable of 

remyelinating denuded axons, i.e., demyelinated areas called MS lesions, which is the 

cause of the severe disabling symptoms. Accordingly, exploring OLG development and 

all factors that have a potential to influence developmental myelination, and presumably 

remyelination, are of importance in designing novel and more efficient therapeutic 

strategies. The goal of the project described in this thesis was particularly directed 

toward exploring the involvement of extracellular matrix (ECM) components in regulating 

OLG differentiation and myelin membrane formation in particular. These issues were 

examined in several systems, including an OLG-derived cell line, primary OLGs cell 

cultures, animal models and in post mortem human brain tissue. 

 

The composition of the ECM plays an important role in regulating CNS development and 

myelination. The studies described in chapter 2 explore the appearance of laminin and 

fibronectin, two major ECM components, in normal appearing white matter (NAWM), MS 

lesion areas and in lysolecithin-induced demyelinated lesions in mice. Our data reveal 

that whereas laminin (Ln), is required for developmental myelination in NAWM, 

demyelinated lesion areas show the abundant presence of another protein – fibronectin 

(Fn). Remarkably, in lysolecithin-induced demyelinated lesions, where remyelination 

occurred, Fn clearance preceded this event, and the evidence supports the notion that 

its persistent presence in MS lesions, in spite of the simultaneous presence of Ln, 

severely impedes remyelination. Interestingly, it could be shown that such a mixed 

Fn/Ln environment prevented myelination in vitro, corroborating the in vivo observations 

and, moreover, indicating that Fn prevented Ln-mediated signaling, i.e. promoting 

myelination. Astrocytes are very likely responsible for the Fn deposition in the 

demyelinated areas. The data in chapter 2 thus indicate that  upon demyelination in the 

CNS, oligodendrocyte progenitors (OPCs) may not encounter a proper signaling 

environment for active remyelination due to accumulation of myelination-impeding Fn, 

derived from astrocytes. The underlying molecular mechanism(s) as to how Fn 

influenced the behaviour of OPC, thereby eventually interfering with myelin biogenesis, 

was addressed in chapter 3 and 4. 

In chapter 3 we demonstrated that changes in the extracellular microenvironment, 

particularly Fn deposition, may impede myelin biogenesis by altering intracellular 
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vesicular traffic of proteins, destined for assembly of the myelin sheet. The data reveal 

that Fn, in contrast to Ln2, significantly decreased membrane directed transport of 

endogenous NCAM 140 and the viral model protein VSV G, both proteins residing in the 

myelin membrane. The underlying mechanism appears to rely on an integrin-mediated 

activation of protein kinase C (PKC), which causes stable phosphorylation of MARCKS. 

In its phosphorylated state, MARCKS is known to prevent dynamic reorganizations of 

the cortical actin cytoskeleton, which is necessary for the targeting of vesicular 

trafficking to the myelin sheet, a prerequisite for morphological differentiation.  

OLGs are characterized by numerous processes that are extending towards axons for 

myelination. To reach their targets for myelination to occur, the processes have to “cut” 

their way across the ECM, which surrounds OLGs both in vitro and in vivo. Matrix 

metalloproteinases (MMPs) are likely involved in this process and in chapter 4 evidence 

is presented that the molecular nature of the ECM determines MMP activity and 

localization and thereby process protrusion and hence myelination. We observed a 

reduction in the outgrowth and branching of primary processes when OLGs were 

cultured on Fn, with a concomitant increase of MMP-9 activity as compared to cells 

grown on Ln2. PKC has been implicated in various cell types as potential inducer of 

MMPs activity and also in OLGs Fn induces PKC activation (chapter 3), thus readily 

rationalizing the enhanced MMP-9 activity. Interestingly however, whereas on Fn MMP-

9 activity was constrained to the plasma membrane of the cell body, MMP-9 activity was 

localized along extending processes when OLGs were cultured on Ln2, i.e., conditions 

that promote myelination. Clearly, the relevance of a process-associated localization of 

MMP-9 under myelinating conditions is evident, implying that in cells grown on Fn, 

process protrusion necessary for reaching the axon target across the ECM layer will fail, 

and hence myelination.  

Following assembly, myelin integrity needs to be maintained and a role of complex 

gangliosides in this process has been proposed by numerous in vivo studies. However, 

molecular mechanisms underlying this function of gangliosides have not been revealed 

thus far. Therefore we have addressed this issue by studying in vitro whether a potential 

correlation exists between glycosphingolipid metabolism and myelin membrane 

formation (chapter 5). We first examined the consequences of inhibiting de novo 

biosynthesis of glucosylceramide, and therefore gangliosides on myelin membrane 

integrity in primary OLGs. Intriguingly, at such conditions the formation of extracellular 

deposits consisting of mainly galactosyl ceramide (GalCer), the most abundant 

galactolipid of myelin, became apparent. Interestingly, in OLN 93 cells, devoid of 

complex gangliosides, but overexpressing GalCer, similar extracellular deposits were 

observed, emphasizing a need for a proper balance of complex gangliosides and 

GalCer for maintaining membrane integrity. Indeed, exogenous addition of GT1b 

ganglioside to the cells counteracted this effect, presumably due to its insertion into the 
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plasma membrane thereby restoring a proper (glycosphingo)lipid balance. In further 

support of this notion, when OLGs were grown on Ln2, i.e., at myelination promoting 

conditions, but not on Fn, an upregulation of complex gangliosides biosynthesis was 

seen, including that of GT1b. Accordingly, a certain minimal level of gangliosides in 

OLGs seems to be required for stabilizing the myelin membrane. This conclusion is 

consistent with in vivo observations in ganglioside null animals which show an impaired 

stability resulting in failure of myelin compaction (Kawai et al., 2001; Ma et al., 2003).  

 

Perspectives    

 

The studies performed in this thesis reveal a very complex ECM-induced network of 

cellular events that directly or indirectly control OLG behaviour. In our work we have 

focused on investigating the role of two major ECM protein families, laminin and 

fibronectin. However, it is apparent that investigation of additional ECM molecules 

upregulated or re-expressed upon inflammation in the CNS, will be equally relevant for 

obtaining a complete picture of potential alterations in ECM, relevant to MS pathology. 

This knowledge will be crucial for identifying appropriate and necessary targets to be 

aimed at in myelin repair. In this context, the activity of the MMPs that are capable of  

degrading all ECM proteins, represents an interesting target as activation of specific 

MMPs could facilitate the elimination of undesirable proteins, accumulating upon the 

injury/inflammation in the CNS and frustrating (myelin) repair. So far, not many studies 

have explored the potential involvement of alterations in ECM composition in animal 

models of MS. The rodent MS animal model, experimental allergic (autoimmune) 

encephalomyelitis, for example, has been primarily used to clarify molecular 

mechanisms of the autoimmune inflammatory response. Chemical-induced 

demyelinated lesions, are extensively studied in demyelination-remyelination events, but 

are lacking inflammatory intermediates. When taking this drawbacks into account, these 

models may nevertheless provide a useful opportunity to study myelin repair in the 

context of ECM deposition and its clearance. Particularly, a very interesting issue to 

address in these models would be the potential effects following  stimulation of specific 

MMPs.  

Identification of cell types responsible for the production of undesirable ECM molecules 

within the injured/inflammated CNS deserves further investigation as well, as prevention 

of ECM deposition would be another approach in efforts of improving remyelinating 

conditions in vivo. On a more fundamental, cell biological basis, ECM-induced molecular 

mechanisms and their potential impact on the differentiation and behaviour of OPCs 

could bring more insight into the remyelinating capacity of the lesion itself and would be 

helpful for approaches aiming at counteracting ECM-mediated (re)myelination inhibitory 

signals.  








