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Preface
ver the last few years, the field of human genetics has been seen 

an enormous gain of knowledge due to the development of new 
technologies and techniques, to growing cohorts, and to new methods 
of analysis and data integration that have uncovered new associated 
genomic regions and driven their biological interpretation via functional 
studies. As a complex trait, the genetic analysis of celiac disease (CeD) 
represents an example of this rapid development, which can be seen 
in the important number of loci discovered so far (as compared to other 
traits), the analysis of Caucasian populations and other ethnicities, 
the analysis of CeD in comparison to other autoimmune traits and the 
uncovering of new biological pathways related with its pathogenesis. 
All these aspects offer a broad picture of the exciting time we are going 
through in the genetic analysis of complex traits. 
 Since 2006, a new era of genetic research has started in which 
the use of genotyping platforms has allowed the cost-effective analysis 
of samples from thousands of individuals using a relative small amount 
of biological material. he first chips available were constructed based 
on the pilot apMap project, and contained SNPs with relatively 
high frequency that allowed researchers to test the common variant-
common disease (C -CD) hypothesis. It is now possible to test virtually 
all kinds of biological material to access and obtain information from 
individual blood cells, gene expression profiles, proteins, cytokines 
or metabolite levels and to examine microbiome composition ( igure 
1). hese changes have increased the chances of finding associated 
genetic regions and allowed for fine-mapping efforts that drive the 
discovery of causal variants, genes and regulatory elements involved 
in the presentation of CeD.
 Up to now, 40 non- A loci associated to CeD had been found 
scattered around the genome. These loci have shed light on the genetic 
architecture of the disease and the biological process underlying the 
presentation of the disease  however they explain only a small part of 
the heritability of CeD. None-the-less, the M C- A region (specially 
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the genes A-D A1 and A-D B1) it is still recognized as a major 
player in immune disease development, not only in CeD but in almost 
all autoimmune traits (excluding atopic dermatitis) and this region 
contributes to most of the genetic variance of the disease ( igure 2).

his rapid increase in knowledge has also been observed in the study of 
other autoimmune disease including alopecia areata, atopic dermatitis, 

Figure 1. Steps in a genetic analysis. Due to the development of new technologies, 
it is now possible to analyze virtually all kinds of human samples to obtain se uences, 
genotypes, protein levels or specific cells. his has also led to the construction of 
complex analysis pipelines that had allowed for the integration of the data, adding new 
layers of information that permit the design of in vivo or in vitro functional essays. 
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ankylosing spondylitis, autoimmune thyroid disease, in ammatory 
bowel disease, juvenile idiopathic arthritis, multiple sclerosis, primary 
biliary cirrhosis, psoriasis, rheumatoid arthritis, primary sclerosing 
cholangitis, Sj gren s syndrome and systemic scleroderma. ith this 
new information it has been possible to not only study the underlying 
processes of single traits, but also to understand the common and 
unique immunological pathways involved in the each of the steps 
leading to autoimmunity. 
 his thesis had two aims: 1) to identify new loci in the M C- A 
region, independent of A-D A1 and A-D B1, that could explain 
the genetic variance of CeD and to identify other non- A regions to 
add to the 40 loci known to be associated to CeD and 2) to determine 

Figure 2. HLA-DQ risk alleles in celiac disease. Although the frequency of the 
alleles A-D A1 05:01 and A-D B1 02:01 is high in the Caucasian population, it 
is the heterodimer (D 2.5) conformed by these alleles which provides the highest risk 
for celiac disease. ther combinations like D 2.2 and D 8 are also related with the 
development of the disease. 
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common autoimmune loci by developing cross-disease and cross-
ethnic genetic analysis. Part 1 reviews the state of the art in CeD in 
terms of genetics discoveries and the role of the Immunochip platform 
in the study of immuno-genetics. Part 2 describes how we developed 

that explain additional heritability of CeD. Part 2 also describes how 
we determined, through different methods of analysis, the replication 
and suggestive association of new loci in a cross-ethnic context. Part 
3 describes how we developed cross-disease analysis that lead to the 
replication and discovery of new loci associated between CeD and 
other autoimmune traits. Part 4
discoveries in other autoimmune traits, the populations analyzed, the 
methods of analysis used and the impact of developing these kinds of 

research perspectives.

Outline of the thesis

Part 1. 
Chapter 2 presents an overview of the past, present and future of the 
genetic analysis of CeD. This chapter reviews the different steps taken 
since the discovery of MHC-HLA as a region of interest, going through 
the new loci found with the use of the newly available technologies 
and how this has helped us to understand the polygenic nature of the 
disease and the functional characteristics of the regions associated. 
Finally, we discuss the future challenges of integrating all the available 
information.

Chapter 3 review the common epidemiological factors and the role 
of HLA and non-HLA genetic risk factors involved in the presentation 
of CeD and other autoimmune diseases including type 1 diabetes, 
rheumatoid arthritis, ulcerative colitis and Crohn’s disease. This chapter 
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diseases and the importance of determining common pathways as a 

Chapter 3.1 Appendix presents an update on the discoveries about 
different autoimmune traits achieved with the use of the Immunochip 

into account aspects such as the design of the studies, the populations 
under analysis and the epidemiological characteristics of the traits. 
Finally, we present an overview of the genetic overlap across the 
different traits analyzed.

Part 2. 
Chapter 4 
using a cutting-edge imputation method that allowed the analysis of 
SNPs, amino acids and HLA 4-digit classical alleles in 12,016 celiac 

across MHC-HLA and outside the HLA-DQ locus, and provide evidence 
of the importance of the MHC class-I region. Additionally we estimate 
that ~25% of the heritability to CeD is explained by the HLA-DQ alone 
and an additional 2-3% is explained by independent non-HLA-DQ 
variants.

Chapter 5 describes a study where we tested the exact replication 
and transferability (association to the same locus but with different 
variants) of validated Caucasian risk loci apart from the association of 
new loci under different models of analysis in a north Indian population 
compared with a European population. This study validated the 
association of multiple loci previously found in Caucasian populations 
and pointed out a suggestive association of new loci present in the 
north Indian sample. This study shows the importance of performing 
large scale analyses in non-European populations in order to gain new 
insights into the biology of the complex traits.
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Part 3. 
Chapter 6 describes the genetic difference between double 
autoimmunity (some patients have both CeD and type 1 diabetes) 
compared with the presence of only one of these traits. Despite the 
target organ of both diseases being different, both traits share common 
epidemiological and biological pathways that lead to autoimmunity. 

e point out that although there is no evidence of enrichment for 
either celiac-disease- or type-1-diabetes-specific variants, the double 
autoimmune group shares more resemblance with the 1D group in 
terms of the fre uency and risk provided by the A genotype D 2.5
D 8, which is a known risk factor for 1D.

Chapter 7 describes a large meta-analysis of two autoimmune 
diseases (CeD and rheumatoid arthritis). In addition to our discovery 
of five new associations shared between CeD and rheumatoid arthritis, 
we found nine loci with an interesting characteristic: the variants 
associated first appeared to be shared but after careful inspection seem 
to represent independent associations. Functional in silico analyses 
further demonstrated that the associations on these loci represented 
different downstream effects on gene expression and differential cell-
type-specific enrichment.

Part 4.
Chapter 8 places the work described in this thesis in a broader 
perspective. I outline the discoveries over the last years, comparing 
the findings among autoimmune traits and the factors involved in those 
discoveries, and perspectives in the field regarding the generation of 
new information. I then focus on the importance of the A region and 
the role of non- A-D  loci in the development of autoimmunity. I 
discuss the importance of data integration, the importance of analyzing 
phenotypically related entities and what we can learn from populations 
with different genetic backgrounds. inally I discuss future perspectives 
and key points to be taken into account in the analysis of complex traits.


