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Preface
Over the last seven years, genome-
wide association studies (GWAS) 
have identified hundreds of thousands 
of trait-associated genetic variants, 
providing novel insights into the 
mechanism of many diseases, 
including cancer and autoimmune 
diseases (1). Celiac disease (CeD) 
is an immune-mediated disease 
triggered by dietary gluten in 
genetically susceptible individuals. 
CeD is considered to be one of the 
most common food intolerances in the 
world, affecting ~1% of the population 
(2). The most dominant genetic 
component identified in CeD is the 
human leukocyte antigen (HLA) locus, 
and more specifically HLA-DQ2 and 
HLA-DQ8. GWAS and Immunochip 
studies have identified 40 non-HLA 
loci as associated with CeD and, 
together with HLA, these loci explain 
~55% of the heritability of CeD (3, 4).
 Because of linkage 
disequilibrium (LD) the identification 
of the true causal genetic variant or 
variants is challenging. LD can be 
defined as a non-random association 
of alleles of different single nucleotide 
polymorphisms (SNPs) near each 
other on the same chromosome, 
each of which could be the true 
causal variant. Recently, post-GWAS 
studies are performing custom-
made genotype arrays to fine-map 
and replicate previously associated 
regions. The Immunochip is a great 
example of such an approach. This 
custom-made array covers 186 loci 

associated with autoimmune and 
inflammatory diseases; these loci 
cover 12 immune-related diseases 
(celiac disease, Crohn’s disease, 
ulcerative colitis, autoimmune thyroid 
disease, ankylosing spondylitis, 
multiple sclerosis, primary biliary 
cirrhosis, psoriasis, rheumatoid 
arthritis, juvenile idiopathic arthritis, 
systemic lupus erythematosus and 
type 1 diabetes) (5). In particular, 
Trynka et al., used the Immunochip 
and successfully identified 39 non-
HLA loci with 57 independent signals 
associated to celiac disease (3).
 The majority of GWAS SNPs 
are located in non-coding regions, 
making it more difficult to hypothesize 
about their function. An explosion in the 
availability of new genomics datasets, 
such as from the ENCODE project (6), 
is helping to clarify the functionality of 
some disease-associated variants. It 
has recently been shown that ~90% 
of CeD-associated SNPs are located 
in non-coding regions (7) and the 
majority of these map to enhancers 
and promoters (8).
 Despite the significant 
advances in understanding the 
molecular basis of CeD, the diagnosis 
of this disease remains challenging. 
It has been estimated that only 1 out 
of 8 patients is correctly diagnosed 
with CeD. The diagnosis is based 
on clinical symptoms, detection of 
CeD-specific antibodies in the blood, 
and having proof of villous atrophy 
from intestinal biopsies (9). Recently, 
it has been shown that circulating 
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microRNAs (miRNAs) in blood can 
provide biomarkers for disease and 
even disease-stage (10). If CeD-
specific circulating miRNAs could 
be identified, these would provide 
welcome non-invasive biomarkers for 
easier and more accurate diagnosis of 
CeD.

Outline of this thesis
This thesis had two principal aims: 
(1) to perform fine-mapping of CeD 
loci identified by the Immunochip 
study; and (2) to investigate whether 
miRNA profiles in CeD patients can 
provide biomarker candidates. We 
have divided this thesis into two parts 
that both focus on the non-coding part 
of the genome. In the first part, we 
describe how we can use Immunochip 
results and publicly available data 
to fine map CeD-associated loci 
and to prioritize SNPs and genes 
associated with CeD. In the second 
part, we explore miRNA profiles in 
CeD patients and provide different 
miRNA candidates that may prove to 
be useful biomarkers in the future.

Part I
Chapter 1 gives an overview of 
the genetics factors identified by 
earlier studies and by GWAS that 
are involved in CeD and of the CeD-
associated genes and pathways 
that are shared with other immune-
mediated diseases.
 In Chapter 2 we describe 
an integrative approach to annotate 
and prioritize functional SNPs, genes 
and pathways affected in CeD, using 

publicly available data. We found an 
enrichment of CeD genes in the Th1, 
Th2, and Th17 pathways, and also 
predicted a role for four associated 
genes in the intestinal barrier function. 
Furthermore, in this chapter we 
describe a transcriptional connection 
between Interferon-‐ with CeD 
susceptibility genes, which sheds light 
on why there are no CeD-associated 
SNPs in the IFNG locus, even though 
IFN-‐ is known to be dysregulated in 
CeD.
 In Chapter 3 we describe a 
fine-mapping approach in a strongly 
associated CeD locus (LPP). For 
this purpose we applied haplotype 
analysis and integration of several 
types of data, such as imputation, re-
sequencing and functional genomics 
data that were available to refine this 
locus. We successfully fine mapped 
the associated region down from a 
70 kb region to a 2.8 kb region, and 
pinpointed a possible functional SNP 
in this small region.
 In Chapter 4 we identified 
the first long non-coding RNA 
(lncRNA) that is regulated by a CeD-
associated SNP. To explore possible 
SNPs affecting expression of nearby 
genes in the LPP locus, we performed 
expression quantitative locus (eQTL) 
mapping using RNA-seq data. This 
approach allowed us, for the first 
time, to determine an eQTL effect 
on a lncRNA (LPP-AS1) in CeD. 
Subsequently, we investigated the 
cell type specificity of this candidate 
and performed pathway enrichment 
analysis using co-expression data. 
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This analysis suggested that LPP-AS1 
is involved in ubiquitination, which is 
known to be involved in CeD. 

Part II
In Chapter 5 we describe how SNPs 
can affect non-coding RNAs such as 
miRNAs and lncRNAs. Moreover, we 
provide an overview of bioinformatics 
tools, high-throughput techniques and 
the available databases that help in 
understanding the functions of non-
coding RNAs.
 In Chapter 6 we describe the 
profiling of miRNAs circulating in the 
serum of CeD patients enrolled in 
the PreventCD project, a prospective 
study in which samples were collected 
at different time points after birth from 
individuals in families likely to have a 
genetic pattern to their CeD (11). By 
using next generation sequencing 
(NGS), we were able to determine 
a panel of 45 miRNAs, of which six 
displayed a suggestive pattern over 
different time points. In addition, these 
six candidate miRNAs were detectable 
before the reported time of CeD 
diagnosis. Our results indicated that 
these miRNAs are potential biomarker 
candidates for CeD.
 Chapter 7 shows a profile of 
miRNAs in plasma and small intestine 
samples from CeD patients. We 

also used NGS to profile miRNAs. 
We provided a panel of 49 miRNAs 
in serum and 109 miRNAs in small 
intestine of CeD patients. Moreover, 
by comparing patients that were 
following a gluten-free diet with 
patients at diagnosis, we were able to 
find 11 miRNAs that can potentially be 
used to monitor gluten ingestion in CeD 
patients. Three out of the 109 miRNAs 
differentially expressed in the small 
intestine had already been validated 
in an independent study in CeD (12). 
Thus, we have pinpointed miRNAs 
differentially expressed in the small 
intestine showing that it is worthwhile 
to follow-up and that are likely to be 
involved in the pathogenesis of CeD. 
 Chapter 8 provides a 
discussion of how these fine-mapping 
and integrative approaches has helped 
to shed light on CeD. In addition, we 
discuss the most recent status of the 
microRNAs that might be involved in 
CeD. We discuss the agreements 
and contradictory indications of 
the miRNAs profiles and show how 
they might be used for future clinical 
applications. In the context of the rapid 
developments in the genomics field, 
we discuss the challenges arising in 
this field, which sees the data growing 
exponentially. 
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