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CHAPTER 7
General Discussion

Jansen IE

14465-jansen-layout.indd   193 18/04/2017   12:20



14465-jansen-layout.indd   194 18/04/2017   12:20



195

7

treatment slowing, altering or reversing the disease progression. The current available 
therapies only diminish the clinical symptoms and are not modifying the underlying 

and molecular biological level, it will enable the development of improved therapies as 

of PD.1

2,3

variants, and a more detailed understanding of PD-related genes, will help to improve our 

molecular pathways.4 As PD is a heterogeneous disease on a clinical, pathological and 

of the 21st

point when a large number of common risk loci for PD were established. Therefore, by 

CHCHD2 and 

CHCHD2  (chapter 2), 
in a PD cohort from Japan,5
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variant was observed in healthy controls. These results suggest that CHCHD2 could also 

the risk of developing PD.6-9  whether rare coding 
chapter 3

the analysis of single rare variants large datasets with tens of thousands of individuals 

LRRK2 STBD1 
and SPATA19 

gene(s) while taking into account the biological features of the disease of interest.

GBA

disorder (LSD), and has been shown to strongly increase PD risk. We therefore studied 
chapter 4). By using 

GBA.
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GBA

GBA, SMPD1, CTSD 
and SLC17A5 

GBA

these LSD genes in PD pathogenesis.
 A second approach based gene-sets of interest on biological processes that are 

chapter 5
research.4,10

and renin-angiotensin signaling) 

literature-based pathway 

related phenotypes. The transcriptomics-based pathway renin-angiotensin signaling 
showed enrichment for common coding variants in PD cases compared to controls. This 

chapter 
6. 

11
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frequency in our PD cohort, of which  and VPS13C 

VPS13C 

PD.  

units (e.g. genes or biological pathways), followed by comparison of the aggregated 
12 This strategy has been of great 

of associated rare variants in genes involved in lysosomal storage (chapter 4) and 

Sample size 

13 in chapter 3 and 4. As 

14 There is no gold 

variants. This is impossible for the second approach as it already assigns weights based 
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variants. We applied both approaches in this thesis, adding the second strategy in the 

14

15

P-values method 
(ADA)16

marker p-values, therefore allowing to simultaneously perform an aggregated variant test 

higher p

scanned the variants of interest for their individual p
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allows the inclusion of only one covariate. Bearing in mind the heterogeneous state of our 

17

18,19 

20 A small country with 

21

22

level to determine that signals originate from diverse samples instead of individuals with 
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crucial it is to design studies adequately, especially when it concerns sequencing projects. 

23,24 to be required 

25

p-value of 0.05) for a second 

CHCHD2 which we tried to 

CHCHD2 variants.5 
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variants in CHCHD2, all present in cases and not a single coding variant in controls, implying 

replicate CHCHD2 

of rare variants in common PD risk loci, we used the NeuroX dataset as a second dataset. 

rare variants in LSD genes, we were more successful. By using a small second independent 
th 26 we were 

for variants with LSD genes, we also replicated an aggregated rare variant signal for the 

Chapter 6 proposes a study design, to overcome the problem arising from small 
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the need for researchers to collaborate. When joining forces (funding resources 
and subject cohorts) it possibly increases the number of cases to ten thousands of 

all generated sequencing data would be publically shared on repositories, such as the 

27,28

and caveolar-mediated endocytosis gene-sets in chapter 5, we assume to have chosen a 

rare variants within common PD risk loci are truly not associated to PD or that the gene-
set is not including the true causal genes underneath the common loci. 

in common PD risk loci. As discussed in the chapter 3, basing a gene-set on common risk 

there is a chance that non-causal genes were selected.

29 that was used for this purpose in chapter 3 is an improvement 
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it will not consider disease-related features. Yet it might be helpful to build underlying 

associated locus (represented by a linkage disequilibrium (LD) block) harbors the causal 

gene beyond the borders of the LD block. eQTL analysis is able to detect such signals.30 

the disease of interest.

by using common variants generated with genotype arrays.31 A commonly used gene-

32

small gene is missed in the presence of large genes that are non-causal. Another advantage 

common and rare variants is set, which is followed by LD-pruning of the common variants. 

genes, which serves as a guide to establish deregulated biological processes in PD. Such 
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within the research covered by this thesis puts emphasis on the molecular processes 
involved in mitochondrial health (chapter 2, 5 and 6), lysosomal storage (chapter 4 and 
6), caveolar-mediated endocytosis (chapter 5) and renin-angiotensin signaling (chapter 

is gaining popularity.33

studies, showing the importance to perform WES research such as ours. However, cellular 

34

a proteome network of proteins and genes that interact with known HSP genes. This 

35 and 
36.

33 where raw data, transformed 
data or the underlying models are combined in a simultaneous analysis. Although 

such as ATHENA,37 38 and Weka339
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types can be linked on individual level. Although system biology approaches matching 

underlying model to test for the disease of interest. As system-based approach studies 

the most comprehensive analysis method guiding us to an improved understanding of PD 

successful in a few neurologic disorders.40,41

that many novel causal variants would be easily revealed with simple analysis methods. 

42

The major point of improvement that will increase the success rate for rare 

is the system-biology approach. With the development of more comprehensive omics 
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achievable to combine WES datasets with other PD or brain-related datasets that will lead 

protocols for single cells.43,44

a single organism. In 2013, a study on mosaicism in neurons revealed that at least 13% 
of neuronal cells have de novo CNVs.45

46,47

since large parts of the genome are missing, and the non-coding regions are not covered. 
48 

SNCA, parkin, PINK1 and DJ-1,49 it is 

alignment of the reads,50,51

52 the 

SNCA enhancer and PD,53

54

tested. 
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55

reveal novel PD risk loci.

the known PD risk loci to understand how these associated LD blocks are associated to 

56-58

this regard, an inspiring study has suggested RAB29 and GAK as causal genes of 2 PD 

LRRK2.59

variant within the associated locus.

34 LRRK2 interactor 
study,59 but also our own study in chapter 6, show the ingenuity of these approaches to 

60,61 mimicking the disease state 

and phenotype. 
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the development of treatment that slows or alter the progression of PD pathogenesis. 
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