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Scope and outline of the thesis
Astrocytes are a subset of glia cells that play an important role in proper 

neuronal functioning in the mammalian brain. Astrocytes can be identified by 
the classical marker protein Glial Fibrillary Acidic Protein (GFAP), which is 
the main and characteristic intermediate filament (IF) protein in astrocytes. 
However, also neural stem cells (NSCs) express GFAP, typifying them as 
neurogenic astrocytes. The GFAP gene is alternatively spliced and GFAP 
expression is highly regulated during development and upon brain damage. 
The canonical isoform, GFAPα, is expressed in all GFAP-positive astrocytes, 
whereas an alternatively spliced variant GFAPδ marks specific astrocyte 
subpopulations in the human brain. High expression of GFAPδ is characteristic 
for human NSCs in the embryonic brain and in the astrocytic ribbon in the 
adult subventricular zone (SVZ). GFAPδ, by itself, is assembly compromised, 
but is incorporated in the GFAPα network. The functional consequences of 
GFAPδ incorporation in the GFAP network are still elusive. However, in vitro 
studies by us and others revealed that high concentrations of GFAPδ induce 
a collapse of the IF network. Nowadays, it is recognized that the IF network 
serves as a signaling platform that transduces biomechanical signals into a 
molecular responses in the nucleus to affect cell signaling. The splice variant 
GFAPδ, in contrast to GFAPα, was shown to specifically interact with the 
signaling protein presenilin. Hence, the presence of GFAPδ in an astrocytic 
IF network might modulate signaling events and cell type specific cellular 
functions. In view of this hypothesis, a tight regulation of GFAP alternative 
splicing might be critical. 

The main research questions of this thesis are: i) How is the expression 
of GFAP regulated in astrocytes and astrocyte subpopulations like 
NSCs? ii) What are the functional consequences of a specialization of 
the GFAP network? 

It is known that during development a complex network of environmental 
signals, epigenetic, and transcriptional regulators determines the expression 
of GFAP. The mechanisms of how GFAP expression is initiated at the onset 
of astrogenesis are reviewed in Chapter 1.

This thesis focuses on the molecular mechanisms controlling GFAP 
expression in NSCs, astrocyte progenitors, and mature astrocytes. Moreover, 
we set out to modulate GFAP expression and splicing to investigate the 
consequences on astrocyte functions. This knowledge will contribute to a 
better understanding of the role of GFAP in the healthy and injured brain. 
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Scope and outline

Chapter 2 extends the current knowledge of the epigenetic regulation of 
GFAP expression. We describe here for the first time, that a tight regulation 
of histone acetylation in mature astrocytes is of crucial importance for GFAP 
transcription, its isoform expression, and the assembly of the GFAP network. 
As our data demonstrate, suppression of histone acetylation leads to an 
enhanced GFAPδ expression and to a re-organization of GFAP filaments. 

To further investigate how modulation of the GFAP isoform expression 
affects certain aspects of astrocyte function, we specifically silenced the 
canonical isoform GFAPα in Chapter 3 shifting the GFAP isoform ratio 
towards GFAPδ expression. A specialized GFAP network with high GFAPδ 
expression altered motility and production of the extracellular matrix 
component laminin. In contrast, reduction of total GFAP expression mainly 
affected adhesion and morphology of astrocytes.

In an alternative approach to investigate a specialized GFAP network, we 
aimed to silence specifically human GFAPδ  by targeting its unique sequence 
present in the transition of exon 7/7+. In a technical note (presented in 
Chapter 4), we describe the design of a GFAPδ-specific shRNA. Silencing 
of GFAPδ in future experiments will provide insights into the specific function 
of this isoform in relation to its distinct expression pattern in astrocyte 
subpopulations.

This idea was followed up in Chapter 5, where we aimed to silence 
GFAPδ in vivo in the SVZ of adult mice, a brain area with high GFAPδ 
expression. In contrast to the human brain, GFAPδ is expressed in all 
astrocytes of the developing and adult mouse brain. However, GFAPδ is 
an integral part of the IF network of NSCs in both species and silencing of 
GFAPδ is an essential tool to investigate the potential function of GFAPδ in 
the neurogenic system in vivo. Two different RNA interference approaches 
together with three different viral vector delivery systems such as adeno-
associated viruses and lentiviruses were employed for their ability to silence 
GFAPδ. A stable downregulation of GFAPδ failed due to an unspecific 
tropism of the viral particles combined with possible off-target effects of the 
RNAi approaches. All together, this study highlights the importance of an in 
depth in vitro RNAi screening and proper, cell type-specific construct delivery 
for successful RNA interference in the SVZ.

Alternatively in Chapter 6, we focussed on the regulation and function 
of GFAP in human NSCs and glial progenitors. We demonstrated that Notch, 
a key regulator of NSC differentiation, controls human GFAP expression in 
glial progenitors. To this end, differentiation of NSCs into glial progenitors 
was induced by human post-mortem ventricular cerebrospinal fluid, a 
potent stimulus of GFAP expression in human NSCs. Interestingly, our 
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study indicates that GFAP, itself, silences Notch signaling. This negative 
feedback loop of Notch and GFAP might regulate astrogenesis during brain 
development. Moreover, our study demonstrated that dysregulation of GFAP 
expression leads to dramatic impairement of the neurosphere forming 
capacity of NSCs, indicating that a balanced GFAP expression is important 
for NSC self-renewal.

Based on our findings that Notch signaling is a regulator of GFAP 
expression in NSCs, we studied in Chapter 7 whether upregulation of GFAP 
in the context of reactive gliosis is also dependent on Notch. To this end, GFAP 
expression was induced by treatment with a proteasome activator. Consistent 
with a regulatory role of Notch, the upregulation of GFAP was dependent on 
Notch activity. Intriguingly, specific inhibition of the immunoproteasome, a 
variant of the proteasome induced by inflammatory signaling, was sufficient 
to prevent Notch activity and, in turn, the upregulation of GFAP. 

Finally in Chapter 8, the main findings of the preceding chapters are 
discussed in their relation to current research. 


