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Aging-associated neurodegenerative diseases – including Alzheimer’s, 
Parkinson’s and polyglutamine diseases – are projected to be among the top 
four causes of burden of disease by 2030 (World Health Organization, 2006). 
This demands investment in biomedical research to find disease-modifying 
treatments and to improve quality of life in the long term.

One of the hallmarks of neurodegenerative diseases is the presence of protein 
aggregates in the brains of affected patients. At the cellular and molecular level, 
protein aggregation results from the disruption of protein homeostasis, which 
is essential to maintain the correct synthesis, folding, shuttling and clearance 
of proteins in the cell. One major hurdle in the field is that we do not know 
why protein aggregation occurs and how it correlates to pathogenesis. What 
we do know is that specific aggregation-prone proteins have been identified 
for the different neurodegenerative diseases, and genetic studies have enabled 
the identification of key mutations in their corresponding genes. Currently, 
efforts are being made at the genomic, transcriptomic and proteomic level 
to understand what drives protein aggregation and how it is mechanistically 
linked to disease.

In this thesis, my motivation was to understand what drives protein aggregation 
and toxicity. Specifically, my aim was to discover what cellular mechanisms occur 
as a reaction to the presence of an aggregation-prone protein in the cell. In 
Chapter II, we provide a comprehensive overview of different cellular strategies 
used to cope with aggregation-prone proteins. We show how small model 
organisms – including yeast, nematodes, and flies – can be valuable tools to 
identify the genes involved in protein aggregation and toxicity. Importantly, we 
show that many of these genes are conserved in mice, allowing more complex 
studies that can be potentially extrapolated to humans. We then introduce 
an emerging concept – namely the contribution of the non-coding genome 
to neurodegeneration – and describe the progress made in this field towards 
a better understanding of the mechanisms of disease. We demonstrate how 
recently published work has revealed the link between RNA metabolism and 
neurological and neurodegenerative diseases, and describe how microRNAs, 
tRNAs and other types of non-coding RNA are dysregulated in these diseases. 
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One unresolved issue is the lack of a mechanistic explanation for how impaired 
RNA metabolism determines pathogenesis.

In Chapter III, we highlight the model organism C. elegans as a versatile 
tool for for gene function studies. In particular, we focus on “humanized” 
models of C. elegans for neurodegenerative diseases – including Alzheimer’s, 
Parkinson’s and polyglutamine diseases – and describe how they can be 
used in forward genetic screens (with ethyl methane sulfate) and in reverse 
genetics (genome-wide RNAi screens). One aspect of these models worth 
mentioning is that protein aggregation can be uncoupled from protein 
toxicity. Next, we present a selection of genetic screens performed in  
C. elegans and show that the genetic modifiers of proteotoxicity identified 
in these screens are often involved in general cellular processes (e.g. protein 
quality control system, RNA metabolism, cell cycle), demonstrating that protein 
aggregation and toxicity can result from different levels of cellular dysregulation.

In line with this, Chapter IV describes our work that stemmed from a genetic 
screen performed in a C. elegans model for polyglutamine aggregation aimed 
at finding genes that promoted protein aggregation and toxicity. This led to 
the discovery of the novel genetic modifier of aggregation moag-2 (modifier 
of aggregation-2), a gene that when mutated suppresses protein aggregation 
up to 51%. Whole-genome sequencing revealed the causative gene of  
moag-2 to be lir-3. We found that moag-2/lir-3 encodes a protein with a 
predicted nuclear localization signal and two non-canonical zinc finger 
domains, which are homologous to those in the transcription factor for RNA 
Polymerase III A (TFIIIA). Indeed, our data revealed that MOAG-2/LIR-3 binds 
to the same genomic regions as does the RNA Polymerase III machinery in 
its regulation of the transcription of small non-coding RNAs, including small 
nuclear RNAs, small nucleolar RNAs and transfer RNAs. These small non-
coding RNAs are largely involved in the regulation of gene expression or in the 
modification of other RNA molecules. Once we had determined the function of  
MOAG-2/LIR-3, we were surprised to learn that MOAG-2/LIR-3 promotes 
polyglutamine aggregation in a manner that is independent of its function as 
a transcriptional regulator. We thereby propose a scenario where aggregation-
prone proteins can trigger a switch of function in cellular proteins and hijack 
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them to promote aggregation. Another unprecedented finding from this 
work is that the presence of polyglutamine expansion proteins induces the 
downregulation of snRNA, snoRNA and tRNA genes in wild type animals. 
Although we do not yet know the biological consequences of this observation, 
it suggests that aggregation-prone proteins can also affect the homeostasis of 
non-coding RNA.

In Chapter V, we explore the transcriptional changes that occur in the cell when it 
is exposed to aggregation-prone proteins. By performing whole-transcriptome 
profiling in a C. elegans model of polyglutamine diseases, we found that the 
expression of aggregation-prone proteins delays animal development and, at 
the same time, triggers genes involved in cellular stress responses. 

One important aspect of identifying modifiers of aggregation in small model 
organisms is their subsequent validation in human cells and mouse models. 
Previous work from our group identified MOAG-4/SERF as a positive regulator 
of proteotoxicity in C. elegans models of polyglutamine disease, Parkinson’s 
and Alzheimer’s disease. In Chapter VI, we describe the generation of a 
knockout mouse for SERF2, one of the human orthologs of MOAG-4. We found 
that eliminating Serf2 is not favorable for mouse development, as it frequently 
results in embryonic lethality. We then explain how this finding led us to 
generate a brain-specific Serf2 knockout mouse instead, which yielded viable 
and fertile animals. We further validate the potential use of these knockout 
mice by demonstrating that SERF2 was successfully eliminated from the brain 
without affecting its expression in other organs. Finally, we propose that these 
brain-specific Serf2 knockout mice be used to further study the role of SERF2 
as a modifier of aggregation in the brain by mating it with mouse models of 
neurodegenerative diseases (Chapter VII). 

In this thesis, we have identified a new genetic regulator of protein aggregation. 
The findings described here will improve not only the exploration of new 
mechanisms but also our understanding of the complex protein aggregation 
process. This work has also provided a starting point for transposing findings 
from small model organisms to mammalian systems, paving the way for 
translational research in the long term.


