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GENERAL INTRODUCTION AND SCOPE
Huntington’s disease (HD) is an autosomal dominant neurodegenerative disorder that is 
characterized by chorea, cognitive decline and behavioural difficulties and affects 10.6-13.7 
individuals in 100.000 people in the Western world (Fisher and Hayden, 2014; Morrison et al., 
2011; Evans et al., 2013b). There is no cure for this devastating and deadly disease despite the fact 
that the disease-causing gene is known since 1993. Pathologically, the disease is characterized 
by neurodegeneration, neural dysfunction, and the presence of nuclear and cytoplasmic 
inclusion bodies. HD is caused by a CAG expansion in the huntingtin (HTT) gene leading to 
a polyglutamine (polyQ) expansion in the HTT protein (mHTT), and fragments of the mHTT 
including the expanded polyQ tract are thought to initiate aggregation (Figure 1A). Although 
the polyQ-expanded HTT protein is expressed throughout the whole body, especially medium 
spiny neurons in the striatum and cortical neurons appear to be the most sensitive. In contrast, 
glial cells in these brain regions seem less affected. Glial cells are essential for proper brain 
function as they play a role in synaptic communication and  have been shown to be involved 
in several neurodegenerative diseases (Jansen et al., 2014). Astrocytes and microglia become 
activated leading to a reactive phenotype in HD (Faideau et al., 2010; Sapp et al., 2001), but 
glial cell death has not been observed. An intriguing question is why this is the case. Do glial 
cells have less mHTT aggregates? Are glial cells less sensitive for the toxic effects mHTT and 
if so, how? Is the proteostasis machinery in these cells better equipped to target mHTT for 
degradation, before aggregation can occur?  

There are two main protein degradation systems in the cell: the ubiquitin-proteasome system 
(UPS) and autophagy (Jansen et al., 2014). Although both systems have their specific activating 
pathways and targets, there is also interplay between these pathways and both are involved in 
HTT degradation (Juenemann et al., 2013; Korolchuk et al., 2010). In this thesis, we aim to 
study these systems in more detail in glia and neuronal cells, in order to find an explanation 
for the apparent selective vulnerability of neuronal cells. We have also developed methods to 
study mHTT ubiquitination and prion-like spreading mechanisms in HD, for example between 
neurons and glial cells. Studying glial protein degradation pathways can give insight into cell-
specific variations that lead to differences in vulnerability towards mHTT.

In chapter 1, we introduce the different types of glia that are studied in this thesis and we 
review the role of the UPS in several neurodegenerative diseases, with a special focus on the UPS 
in glia. In chapter 2, we study, with the use of fluorescence pulse-chase experiments, whether 
proteasomes are indeed irreversibly sequestered into mHTT aggregates, as suggested before, 
and whether this leads to proteasome inactivation in mHTT aggregates in neurons. Chapter 
3 is focused on ubiquitination of mHTT aggregates, as ubiquitin (Ub) has been reported to be 
irreversibly recruited into mHTT aggregates as well. We use chemically-synthesized TAMRA-
labelled Ub moieties and fluorescent activity probes to study the dynamics of ubiquitination 
and deubiquitination in mHTT aggregates. Chapter 4 describes the pathology of nuclear 
mHTT inclusions in several commonly-used transgenic and knock-in HD mouse models 
and human HD patient material. We describe whether there are differences in the frequency 
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and size of nuclear mHTT inclusions in neurons, microglia, astrocytes and oligodendrocytes. 
A possible explanation for these observed differences is described in chapter 5, where we study 
dissimilarities in HTT mRNA and protein half-life and protein degradation machineries in 
neuronal, microglial and astrocyte cell lines. Therefore, protein expression levels and activity 
of several proteasome subunits are analysed, as well as components of the macroautophagy 
pathway. These are compared to mRNA expression levels of protein-degradation components 
from isolated astrocytes and microglia. In chapter 6, we describe methods to study prion-like 
spreading of mHTT and show that mHTT can spread to neighbouring cells only to a limited 
extend. We also review mechanisms that may underlie prion-like mHTT cell-to-cell transfer. 
Chapter 7 provides a general conclusion and discussion of future perspectives.
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Figure 1. A. The HTT gene can be transcribed resulting in the HTT protein, and when more than 40 
polyQ repeats are present, it leads to aggregation and inclusion body formation. B. Protein degradation 
via the ubiquitin-proteasome system occurs when a protein is targeted by the E1/E2/E3 enzyme cascade 
leading to polyubiquitination and proteasomal degradation. C. Degradation of proteins via the autophagy 
pathway occurs via the formation of autophagosomes, which requires recruitment LC3-II, and subsequent 
fusion with lysosomes. Ub: ubiquitin.


