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Scope and outline of thesis

The intermediate filament (IF) network is integrated with microtubules and actin to form 

the cytoskeleton of most metazoan cells. The main IF protein in astrocytes is Glial fibrillary 

acidic protein (GFAP). GFAP is expressed in the healthy brain and is highly regulated in 

different pathologies during reactive gliosis. The GFAP gene can give rise to 10 different 

splice isoforms, of which GFAPα is the canonical isoform. GFAPδ is an isoform that differs 

from GFAPα only at the most C-terminal part of the protein. In the human subventricular 

zone (SVZ), GFAPδ is specifically expressed by neural stem cells. Due to the expression of 

GFAPδ in specific astrocyte subtypes, such as neural stem cells, the question arose whether 

GFAPδ has a function in astrocytes, that differs from GFAPα. The main questions of the thesis 

are therefore: 1) Is there a specific functional role for GFAPδ? 2) What differences between 

GFAPα and GFAPδ cause these specialized functional roles? We addressed these questions by 

altering the IF network by overexpressing and knocking-down the different GFAP isoforms 

and studied the effect on cell proliferation, cell morphology, and cell motility. 

Since the discovery of different GFAP isoforms, isoform specific antibodies were 

developed which enabled studying  the specific GFAP splice variants. In chapter 1, we review 

the literature on mouse and human studies that included GFAPδ. We describe the IF protein 

family, GFAP assembly, and the dynamic exchange that persists after the filaments are formed 

in the cytoplasm. Next, we describe the formation of the GFAPδ transcript, where it is found 

in the brain, and in what amounts. We then move on to the GFAPδ protein and discuss what 

the effects of its expression are on both IF network and the cell. To conclude, we give an 

extensive overview of where the GFAPδ protein is expressed in the brain during development, 

adulthood, health, and disease. 

To answer what the effect is of GFAPδ expression on the IF network and what the 

consequences are for the cells, we created cell lines expressing different GFAP isoforms and 

performed functional studies. In chapter 2, we describe the effect of GFAPδ on the whole 

IF network in astrocytes. We assessed the structural differences of the whole cytoskeleton 

by investigating the expression of other IFs (vimentin and nestin), as well as the integrity 

of microtubule and actin networks. We also examined whether these changes affect cell 

morphology, proliferation, or cell motility, characteristics that can all be related to properties 

of GFAPδ-expressing cells in the human brain.

GFAPα and GFAPδ have different assembly properties. Since GFAPδ expression causes a 

collapse of the whole IF network, we wanted to investigate the dynamic properties of GFAP 

isoforms. In chapter 3, we performed live cell experiments where we visualized the collapse 
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of the GFAP network. By using fluorescent recovery after photobleaching (FRAP) techniques, 

we studied the dynamic differences between GFAPα and GFAPδ. We measured the exchange 

rate of GFAP isoform proteins from a soluble pool in the cytoplasm to an insoluble pool in 

the filamentous network. Additionally, to address influences of IF network organization on 

GFAP dynamics, we measured the difference between GFAP isoform exchange rate into a 

filamentous, spread-out network or into a collapsed network. A difference in IF assembly and 

a change in the exchange rate between the soluble and insoluble pool, can affect cell signalling.

As GFAPδ is expressed in adult neural stem cells in the human SVZ, we questioned what 

theeffects are of the GFAP isoform expression in neural stem cells in vivo. Therefore, in chapter 

4, we investigated the effect of GFAPα and GFAPδ expression in GFAP knockout mice. Using 

lentiviral vectors, the mouse SVZ was transduced with GFAP isoforms and we examined 

both neural stem cell quiescence and total neurogenesis. We performed an extensive qPCR 

analysis on different transcripts involved in neurogenesis and stem cell marker expression. To 

determine whether a marked upregulation of GFAP could also elicit a reactive phenotype, we 

looked at transcripts involved in reactive gliosis and stress responses.     

The studies described in this thesis so far were all experiments where GFAP isoforms were 

upregulated. Since an upregulation of GFAPδ has a marked effect on IF network morphology, 

we wanted to know whether GFAPδ has a specific functional role if it is altered endogenously. 

In chapter 5, we specifically downregulate GFAPα expression to increase the endogenous 

GFAPδ:GFAPα ratio. We investigated differential GFAPδ functions by comparing these 

cells, which have GFAPδ expression within a spread-out network, to cells with a pan GFAP 

isoform knockdown. We analysed cell proliferation, cell morphology, and cell motility. 

As cells with different GFAP isoform compositions were found to show differences in cell 

motility, we extended our analysis to adhesion assays and integrin expression analysis. Next, 

we investigated the connection between the cytoskeleton and the extracellular matrix (ECM) 

in order to elucidate by which means GFAP network composition could alter cell motility 

and adhesion. Subsequently, we compared expression levels of the cytoskeleton linker protein 

plectin and ECM component laminin. 

Finally in chapter 6, the results obtained in this thesis are discussed in a broader 

perspective. We attempt to compare the results from different experiments to each other and 

come to an overall conclusion about GFAPδ function. Since the work in this thesis answers 

some questions but poses many new questions, we discuss the future of GFAPδ research and 

give some insights into how these studies should be performed.  




