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ABBREVIATIONS 
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RESUMEN 
 

Actualmente hay más de 80 enfermedades autoinmunes (AIDs, del inglés Autoimmune 

Diseases; OMIM #109100) reconocidas, que en conjunto afectan a entre un 3 y un 10% 

de la población general. La mayoría de estas enfermedades son crónicas e incurables, 

con frecuencia llevan a una discapacidad sustancial y, muchas generan complicaciones 

que amenazan la vida. Las AIDs constituyen un problema de salud pública que además 

de causar un sufrimiento individual importante, tienen un alto costo social [1]. Estas 

patologías se caracterizan por el desarrollo de una respuesta inmune por parte del 

huésped en contra de sus propias células y tejidos. Aunque su etiología no se conoce 

completamente, se debe a una compleja interacción entre factores genéticos y 

ambientales [2-5]. Los avances tecnológicos y esfuerzos de cooperación internacional 

han permitido aumentar la comprensión de los factores genéticos implicados en las 

AIDs; sin embargo, se estima que únicamente se conoce entre un 5 al 20% del 

componente hereditario de estas enfermedades [6-8]. Teniendo esto en cuenta, podemos 

ser llamados “los cazadores de la heredabilidad perdida de las AIDs”,  ya que parte de 

nuestra pasión es tratar de entender y contribuir al conocimiento de ese 80% del 

componente genético de las AIDs que está aún por descubrir. Hay diferentes maneras de 

alcanzar dicho objetivo y una de ellas se aplica en esta Tesis: el estudio del componente 

genético común de las AIDs. 

Hoy por hoy, el estudio del componente genético de las AIDs está basado en la 

secuenciación del genoma humano, publicado por primera vez hace más de una década 

[9-11]. Este avance ha proporcionado los pilares donde ensamblar la información sobre 

estructuras y funciones biológicas; como la variación genética, la distancia de 

recombinación, el desequilibrio de ligamiento y su relación con enfermedades 

hereditarias, entre otros. La secuenciación del genoma humano ha proporcionado 

asimismo, un entorno para conectar modelos de la biología de los sistemas con la 

fisiología de los seres humanos; así como también un amplio catálogo de información 

genómica. A raíz de la secuenciación del genoma humano, nuestro trabajo tiene una 

plataforma de aproximación sistemática para descubrir variaciones genéticas que 

subyacen en las enfermedades humanas. La identificación de los factores de 

susceptibilidad genética funciona como una brújula y un mapa que indican el camino 

para descubrir rutas celulares y mecanismos fisiopatológicos de las AIDs. Esta 
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aproximación sistemática ha dado como resultado la identificación de cientos de loci 

asociados  con una o más AIDs [2, 12]. Se ha demostrado que cerca de la mitad (44%) 

de los loci identificados mediante estudios de asociación del genoma completo (GWAS, 

del inglés Genome-Wide Association Studies) en una enfermedad de origen autoinmune  

particular, influyen en el riesgo de, al menos dos AIDs [13]. Basándonos en este tipo de 

evidencia, evaluamos polimorfismos genéticos que habían sido previamente asociados 

con otras AIDs, en grupos de casos y controles de origen Europea en las siguientes 

enfermedades: esclerosis sistémica (SSc, del inglés Systemic Sclerosis), enfermedad 

inflamatoria intestinal (IBD, del inglés Inflammatory Bowel Disease),  lupus 

eritematoso sistémico (SLE, del inglés Systemic Lupus Erythematosus) y artritis 

reumatoide (RA, del inglés Rheumatoid Arthritis). Los polimorfismos estudiados están 

localizados en los loci PTPN22, STAT4, IL2-IL21, CD24, BAK1 y UBASH3a. Por la 

metodología empleada y los hallazgos encontrados, esta Tesis representa una 

contribución importante al conocimiento de los factores genéticos comunes de las AIDs. 

Hemos demostrado por primera vez, la relación de algunas de estas variantes genéticas 

en patologías de origen autoinmune en las que no habían sido descritas previamente, 

tales como asociaciones de polimorfismos genéticos en los genes PTPN22 y CD24 con 

IBD, IL2-IL21 con SSc y UBASH3a con SLE. Además, hemos confirmado mediante 

estudios de replicación y meta-análisis observaciones interesantes, como el efecto 

protector del polimorfismo de nucleótido simple (SNP, del inglés single nucleotide 

polymorphism) rs2476601 del gen PTPN22 en enfermedad de Crohn (uno de los dos 

mayores subtipos de IBD) y el riesgo modesto que confiere a SSc. Asimismo, la 

asociación de la variante genética rs7574865 del gen STAT4 con colitis ulcerosa (el otro 

subtipo más frecuente de IBD). Aparte de las conclusiones específicas obtenidas de 

nuestros resultados, también observamos algunas características importantes del estudio 

del componente genético de las AIDs, entre ellas: i) El alelo asociado de un 

polimorfismo dado puede conferir riesgo a un grupo de AIDs, mientras confiere 

protección a otro grupo de patologías de origen autoinmune. ii) La fuerza del efecto de 

un factor genético asociado a varias AIDs varía para cada enfermedad, siendo más 

fuerte para algunas patologías y menor o más leve para otras. iii) Pueden existir varios 

polimorfismos asociados dentro de un mismo loci de susceptibilidad a AIDs y parecen 

ser específicos para cada enfermedad. iv) La asociación significativa de una variante 

genética con una patología de origen autoinmune funciona como una baliza que señala 
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las posibles implicaciones del gen o los genes localizados en, o cerca de, los loci donde 

se encuentra la variación genética, pero no determina la implicación funcional del 

mismo o de los genes allí localizados. v) Los SNPs asociados con AIDs parecen ser 

diferentes en las distintas poblaciones humanas. vi) No es sorprendente que la mayoría 

de los polimorfismos genéticos asociados comúnmente a AIDs están localizados en 

regiones intrónicas o intergénicas del genoma humano. 

Los loci asociados de manera común a diferentes AIDs remarcan rutas inmunológicas 

implicadas en la etiopatogénesis de estas enfermedades y nos indican un punto de 

partida para estudiar sus mecanismos específicos. El conocimiento acumulado hasta el 

momento de la genética de las AIDs representa un buen punto de partida; sin embargo, 

el progreso en los distintos niveles en este campo está estrechamente ligado a nuestro 

avance en la comprensión del funcionamiento del genoma humano. 
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SUMMARY 
 

There are more than 80 recognised autoimmune diseases, AIDs (OMIM #109100) that 

together affects from 3 to 10 % of the general population. Most of them are chronic and 

incurable, often leading to substantial disability and many of them may have life-

threatening complications. AIDs constitute a major health problem that besides causing 

important individual suffering, have high social cost [1]. These pathologies are 

characterized by an immune response from the host against its own cells and tissues. 

They result from complex interactions between genetic and environmental factors [2-5]. 

Technological advance and coordinated international efforts have increased the 

understanding of the genetic factors of AIDs; but it is estimated that only 5-20% of the 

genetic background of AIDs is known [6-8]. Keeping this in mind, we can be called the 

“missing AIDs heritability hunters” because our passion is to try to understand and 

contribute to the 80% of the genetic component of AIDs that is left to be discovered. 

There are different ways to try to reach that goal and one of those is implemented in this 

thesis: the study of the common genetic component of AIDs. 

Now a days, the study of the AIDs genetic background lays on the sequencing of the 

human genome, first published more than a decade ago [9-11]; because it has provided 

the comprehensive scaffold to assemble fragmentary information into landscapes of 

biological structure and functions, like genetic variation, recombinational distance, 

linkage disequilibrium and association to inherited diseases, among others. The human 

genome sequencing has also provided a framework to connect the biology of model 

systems to the physiology of human beings; as well as provide a comprehensive 

catalogue of genomic information. In the aftermath of the human genome sequencing, 

our work has systematic approaches to discover the genetic variants underlying a 

disease. The identification of the susceptibility genetic variants is a compass and a map 

showing the way to discover cellular pathways and physiologic mechanisms of AIDs. 

This systematic approach has resulted in the identification of hundreds of loci 

associated with one or more AIDs [2, 12]. It has been shown that nearly half (44%) of 

loci identified in genome-wide association studies (GWAS) of an individual disease 

influence the risk of at least two AIDs [13]. This thesis has an important contribution to 

such evidence. We evaluated genetic risk polymorphisms that have been previously 

associated in other AIDs, in European descendent case-control groups of Systemic 
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Sclerosis (SSc), inflammatory bowel disease (IBD), Systemic Lupus Erythematosus 

(SLE) and Rheumatoid arthritis (RA). The studied polymorphisms were located in the 

loci PTPN22, STAT4, IL2-IL21, CD24, BAK1 and UBASH3a. 

Our results report for first time associations of these known susceptibility AIDs loci 

with diseases that has not been described before; such as the association of genetic 

variants in PTPN22 and CD24 with IBD, IL2-IL21 with SSc and UBASH3a with SLE.  

Moreover, we confirmed through replication and meta-analysis studies, interesting 

observations like the association with an opposite effect of the rs2476601 PTPN22 SNP 

in Crohn diseases, the modest association of this SNP with SSc and the rs7574865 

STAT4 variant influence in ulcerative colitis (UC), a subphenotype of IBD. Besides the 

specific conclusions get from our results we observed some important features in the 

study of the genetic component of the AIDs, among them: i) the associated allele of a 

polymorphism can confer risk to a group of AIDs while is associated with a protective 

effect against others autoimmune pathologies. ii)  The effect’s strength of a common 

associated AIDs genetic factor variety for each disease, being stronger for some diseases 

and lower for others. These propose a hierarchy role for the common genetic factors that 

can be different for each AID and its subphenotypes. iii) The associated polymorphisms 

of a given AIDs susceptibility loci seem to be specific for each disease. iv) A significant 

association of a SNP works as a red flag pointing the possible implication of the gene(s) 

located in or proxy to the loci where the SNP is situated, but do not determined 

functional implication of the polymorphisms or genes. v) The associated SNPs to AIDs 

vary across different descendant populations. vi) It is not surprising that most of the 

common AIDs associated polymorphisms exist in intronic or intergenic regions of the 

human genome.   

The common AIDs associated loci highlight the immunologic pathways implicated in 

the etiopathogenesis of these diseases and give us a start point for study their specific 

mechanisms. The understanding of the genetic background of AIDs cumulated until 

now it’s a good beginning. The advance in different levels of this field is directly related 

with our understanding of the function of the human genome. 
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INTRODUCTION 
 

Autoimmune diseases: an overview 
 

Autoimmune diseases, (AIDs) (OMIM #109100) are a category of human disorders that 

occur in to 3-10% of the general population and are characterized by an immune 

response from the host against its own cells and tissues. They result from complex 

interactions between genetic and environmental factors. [2, 3, 5, 13-15]. 

 

Paul Ehrlich suggested the concept of autoimmunity around 1900. He said that a 

functional immune system must have “horror autotoxicus”, the unwillingness of the 

organism to endanger itself by the formation of toxic autoantibodies; not that antibodies 

against self cannot be formed but that they are prevented “by certain contrivances” from 

exerting any destructive action [16]. Only fifty or sixty years after Ehrlich’s idea, the 

autoimmune diseases (AIDs) were considered. These occurred due to the accumulation 

of evidence that studied the basic immunology, the pathogenesis of paroxysmal cold 

hemoglobinuria or the reports of experimental encephalitis, sympathetic ophthalmia, 

hemolytic anemia or thyroiditis (among others) [16, 17]. Then, the difference between 

“physiological” and “pathological” autoimmunity was more sharply focuses; in other 

words, it was recognized that failure of self tolerance is the fundamental cause of AIDs 

[18]. 

Self tolerance can be grouped in central and peripheral. In central tolerance, the 

immature T and B lymphocytes that recognize self antigens are controlled by apoptosis 

in the generative lymphoid organs, the thymus and bone marrow, respectively. In 

peripheral tolerance, the mature self-reactive lymphocytes are killed or shut off in 

peripheral tissues through different mechanisms; such apoptotic cell death, functional 

unresponsiveness (called anergy), and suppression by regulatory T cells, among others. 

AIDs develop when there is a control tolerance malfunction, which leads to the escape 

of self-reactive lymphocytes and their activation [19, 20]. A complex interaction 

between inheritance component and environmental triggers is thought as the cause of 

self tolerance’s failure (Figure 1). Nevertheless, the exact mechanisms of that complex 

interaction are not completely understood [2, 19-21]. AIDs can be classified into organ-
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specific or systemic according if the aberrant immune reaction against self cells or 

tissues is restricted to a specific organ, or affects multiple organs, respectively.  

Three types of evidence can be marshalled to establish that a human disease is actually 

of autoimmune origin: direct proof, indirect evidence and circumstantial evidence [22]. 

The direct proof is when the disease is reproduced in a normal recipient by direct 

transfer of autoantibody. For example, the transplacental transmission of 

pathognomonic autoantibody from an afflicted mother to the fetus in neonatal 

myasthenia gravis [23] or congenital heart block [24]. But the transplacental 

transmission of autoantibody does not always trigger an AID in the newborn, indicating 

that other factors are important for the establishment of the AID. The indirect evidence 

is based on the isolation of autoantibodies or self-reactive T cells from the organs which 

represent the major target of autoimmune attack using experimental models, ideally 

followed by the reproduction of the AID in experimental animal models [22]. 

Nevertheless, the experimental evidence is difficult to carry out and many times the 

animal models do not resemble the human disease [25]. Different animal species, even 

different strains of the same species, vary greatly in their susceptibility to experimental 

AID animal models, a fact that could be extrapolated to humans because the incidence 

and prevalence of AID vary between human populations [1]. Last, the circumstantial is 

the combination of certain descriptive markers such a: positive family history of the 

same or others AIDs, presence of other AID in the same patient, presence of infiltrating 

mononuclear cells in the affected organ or tissue, statistical association with a particular 

mayor histocompatibily complex (MHC) allele or haplotype or aberrant expression of 

human leukocyte antigen (HLA) molecule, high serum levels of IgG autoantibodies, 

deposition of antigen-antibody complex in the affected organ or tissue, improvement of 

the symptoms with the use of immune suppressive drugs [22]. The degree of clustering 

of diseases in families can be estimated of the ratio (λ)  of the risk for relatives of 

patients with a diseases and the population prevalence of that disease. There is familial 

aggregation in AIDs (familial autoimmunity) with λ values that ranging from 1.5 to 100 

[26-28]. Although, familial autoimmunity has an important genetic base, this is not the 

fully responsible because environmental factors can also cause familial clustering. The 

simultaneous presence of two or more AIDs in the same individual was described as 

polyautoimmunity or multiple autoimmune syndrome [29], and occur in excess than 

expected by chance; this phenomenon support the genetic background and early life 
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to men and this fact is related with the sexual hormones. Estrogens, androgens and 
prolactin are hormones that affect both innate and adaptive immune system and they 
have been related with AIDs. A hormonal imbalance can result in lower immune-
suppressive androgens and higher immune-enhancer estrogens. For example, during 
pregnancy and postpartum the manifestations of certain AIDs such severity, are altered 
[35].  Environmental and hormonal factors can interact, adding more complexity to the 
aetiology of AIDs. A recent study identified a direct interaction between sex hormones 
and microbial exposures and show that microbiome manipulations can provoke 
testosterone-dependent protection from autoimmune in a genetically high-risk rodent 
model [36].  (C) The genetic predisposition, epigenetic mechanisms and trigger factors 
such environmental and hormonal imbalance, influence the self tolerance mechanisms.   
These complex interactions lead to a failure probably in both central and peripheral 
check point of autoreactivity that leads to develop of AIDs [19, 20]. In the central 
tolerance mechanisms for example, more than 98% of developing thymocytes die from 
apoptosis in the thymus, because of excessive reactivity to self-peptides bound to MHC 
molecules, followed by positive selection for functionally competent effector T cells 
(CD4+ and CD8+) that are released into the periphery. A similar process occurs in the 
bone marrow, where self reactivity B cells are dramatically reduced. These process as 
the production of regulatory T cells (Tregs) are under genetic control, for instance the 
expression regulatory factor FOXP3 is part of the production control of Tregs, and its 
absence leads to severe autoimmunity [2]. Self-reactive cells that escape from central 
control might never encounter the self-antigen they recognize there for exists in a stage 
of ignorance. If the encounter is produce the self-reactive cells will be regulated by 
peripheral tolerance mechanisms such anergy, a non-pathogenic expression profile of 
cytokines and chemokines receptors or apoptosis. Also the activated self-reactive cells 
are controlled by Tregs [20]. Genetic alterations in any of those mechanisms could 
direct the appearance of AIDs, for example the interleukin-2 (IL2) pathway may 
influence the efficiency of Treg regulation [2, 20]. (D) Tolerance mechanisms failure 
produce a profile of increase levels of T and B self-reactive cells, autoantibodies 
production and an imbalance in the cytokine profile that could constitute the pre-clinical 
stage of AIDs. (E) Although the genetic factors, environmental factors, epigenetic 
profiles and immunologic mechanisms seems to be similar the outcome of AIDs has a 
broadly list of different phenotypes. In example the AIDs studied in this Thesis; 
Systemic Sclerosis (SSc) that affects the connective tissues by extensive fibrosis [37, 
38]. Systemic Lupus Erythematosus (SLE) characterized by production of antinuclear 
autoantibodies, immune-complex deposition, and subsequent multi-organ damage [39]. 
Rheumatoid Arthritis (RA) a systemic AID in which there are synovial inflammation 
and hyperplasia, cartilage and bone destruction, systemic features such as 
cardiovascular, pulmonary, psychological and skeletal disorders [40, 41]. Inflammatory 
Bowel Disease (IBD) encompasses both chronic relapsing inflammatory disorders of 
the gastrointestinal tract, Crohn’s disease (CD) and Ulcerative colitis (UC) [42, 43].     

 

The nature of different AIDs seems to have the same root, highlighting that these 

diseases have specific but also common environmental and genetic factors [2-6, 15, 20, 

21, 44-49]. The present Thesis is focus in the common genetic factors of AIDs. 
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Thanks to a long period of work through national and international collaborations our 

laboratory has available an important collection of genomic DNA samples from patients 

suffering of different AIDs and healthy donors. Those individuals are from European 

descendant populations, mainly from Spain. Actually, the main studied AID in our 

group is the Systemic Sclerosis (SSc), taking advantage of this and the collection of 

samples of other AIDs such Rheumatoid Arthritis (RA), Systemic Lupus Erythematosus 

(SLE) and Inflammatory Bowel Diseases (IBD) we studied different immune-related 

loci in these three systemic and one organ-specific AIDs. The next sections of the 

introduction are mainly focus on these diseases, having in mind the main focus of this 

Thesis, common genetic factors in AIDs. 

 

 The term “environmental factors” is frequently used to describe all those susceptibility 

factors leading to AIDs that are not explicable on the bases of an identifiable genetic 

marker. Environment could be taken to refer to those factors external to the individual; 

for example, factors associated with diet or airborne exposures. Those environmental 

factors could be also internal to the subject with a multilevel interaction between 

external factors, biologic and genetic basis, for example, infections (Figure 1) [50].  

The environmental factors can be grouped in chemical, physical and biological agents 

[15]. i) Chemical factors such silica, pesticides, solvents, nail polish, hairdressing and 

smoking have been related through epidemiologic studies with AIDs [51] [52] [53] [54]. 

Freshly fractured particulate silica (crystalline silica or quartz) is released typically in 

mining but also in the so-called dusty trades, including sandblasting, rock drilling, sand 

factory work, granite cutting, construction work, brick laying, tilling, and cement work. 

Animal studies have shown that silica can exacerbate autoimmunity in a genetic 

susceptible  autoimmune strains [51]. Moreover, epidemiologic studies have shown that 

silica is an important environmental factor for SSc . Pesticides have been suggested as a 

risk factor for AIDs but there is insufficient evidence. Studies on the induction and/or 

exacerbation of autoimmunity in experimental animals by trichloroethylene, a kind of 

solvent, have demonstrated an accelerated autoimmune response including increased 

autoantibodies, T-cell activation and inflammatory cytokines [52]. Although more 

epidemiology studies that evaluated the solvents and cosmetic products influence on 

develop of AIDs, there are some indications of a relation between working with nail 

polish and the risk to Systemic Lupus Erythematosus (SLE). Also hairdressing 
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chemicals could be connected with Rheumatoid Arthritis (RA) [15]. Smoking 

contributes to the development of RA [53]. Higher risk to develop RA is associated with 

greater exposure and several studies have shown that smoking has a modulator role in 

the immune system; for example, altering T-cells anergy, depleting immune reactions 

against pulmonary infections, altering normal cytokines production, triggering oxidative 

stress, among others effects  [54]. There have been fewer investigations of smoking in 

relation to SLE, Systemic Sclerosis (SSc) or Inflammatory Bowel Disease (IBD). 

Suggestive results indicated that smoking could be a risk factor to SLE. On the other 

hand, the relationship between cigarette smoking and IBD is complex in that it is likely 

that current smoking contributes to the development of Crohn’s disease (CD) but is 

protective for the development of and Ulcerative colitis (UC)  [15, 43] 

ii) The sunlight is the physical factor that has been more clearly involved in AIDs, base 

on epidemiological studies. Several studies have found inverse associations between 

ecologic measures of ultraviolet B (UVB) irradiance and/or latitude and incidence of 

RA. Mine while evidence that sunlight might be a risk factor for SLE is not so strong; 

this disease has been associated with outdoor work in the year before diagnosis, 

particularly among those who are prone to sunburn and among persons who had serious 

sunburns before age 20 (Reviewed in [15]). 

iii) Biologic agents such as viruses, bacteria or parasites infection-causing has been 

suspected as an important trigger of AIDs since the beginning of the identification of 

these entities. Nevertheless, there is not a conclusive proof. There is evidence that the 

parvovirus B19 is associated with the development of RA, and the authors of the same 

study observed a suggestive result for a similar but not so strong relationship with SLE 

[55]. The Epstein-Barr virus (EBV) might be involve in the initiation of RA and SLE 

[56-59]. Other studies relate a significant low percentage of antibodies for hepatitis B 

virus in SLE patients compare with healthy controls [60]; or the eradication of 

Helicobacter pylori infection from patients with Raynaud’s phenomenon (one of the 

principal symptoms of SSc)  and the completely disappearance or improve of the 

symptoms of Raynaud’s attacks [61]. But none of those studies have been replicated or 

prove the direct relationship between the infection and AIDs.  Unavoidably, the 

possibility of a relation between infections and AIDs is related with the hypothesis of 

molecular mimicry, where a self and microbial peptide antigen is strictly related to 

autoimmune pathology [3, 62, 63].  Although there is strong and punctual evidence that 
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support molecular mimicry between EBV and multiple sclerosis (MS), as part of the 

pathogenic mechanisms [64], this mimicry mechanism remains largely hypothetical for 

RA, SLE, SSc and IBD.  As it is mention in the previous section, the relationship 

between microbes and IBD is complex and relevant for the development of this disease. 

Interesting, a very recent study identified a direct interaction between sex hormones and 

microbial exposures and show that microbiome manipulations can provoke testosterone-

dependent protection from autoimmune in a genetically high-risk rodent model [36]. 

This study of Markle et al. (2013) linked in a model two considers factors of AIDs, the 

microbiome and the gender bias. 

Different lines of evidence have suggested some factors that are the basis of the gender 

bias in AIDs (Figure 2) [33, 34]. Usually, women have a stronger humoral and cellular 

immune response compared to men and this fact is related with the sexual hormones. 

Estrogens, androgens and prolactin are hormones that affect both innate and adaptative 

immune system and they have been related with AIDs. A hormonal imbalance can 

result in lower immune-suppressive androgens and higher immune-enhancer estrogens. 

Divers studies in RA, SLE and SSc patients suggest this (reviewed in [34]). For 

example, during pregnancy and postpartum the RA diseases lessen while the behaviour 

of SLE is opposite [35]. The sexual chromosomes are another important factor in the 

gender bias of AIDs. Since females have two X chromosomes and males have only one, 

genes located on this chromosome might differ in their expression level between both 

genders. To avoid these differences in the expression levels, one X chromosome in 

females is inactivated.  Though it has been reported that X chromosome is not complete 

inactivated, resulting in overexpression of 10-15% of  X-linked genes which can 

contribute to AIDs [65]. For instance, polymorphisms of the X-linked loci that contain 

the genes IRAK1 and MECP2 have been associated with SLE, RA and SSc [66]. 

Moreover, our preliminary observations indicated that there is an overexpression of 

MECP2 in SSc female patients compared with healthy women [67]. On the other hand, 

the X chromosome inactivation could be skewed. This phenomenon is not pathogenic 

itself but has been related with AIDs. Some studies have observed higher skewed in RA 

and SSc female patients than in healthy women [68-70]. Finally, the harbouring of 

hematopoietic stem cells from fetal to maternal or the other way around (fetal 

microchimerism and maternal microchimerism, respectively) has been related with 

AIDs. The clearest evidence of microchimerism has been described in SSc, some 
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Genetic factors in autoimmune diseases 
 

Genetics is the study of single genes and their effects.  Models of inheritance have been 

established for thousands of conditions by mutations in single genes. The point 

mutations, a change in a single DNA base in the sequence or single nucleotide 

polymorphism (SNP), are the most common. The SNP is merely a marker of biologic 

diversity that happens to correlate with health because of its relation to the genetic 

factor that could be the actual cause. The greatest contribution of genetics in human 

health until now is the revelation of mechanisms of common, complex diseases [75]. 

Humans have known for millennia that heredity affects health. However, it seems to be 

the normal slow process in science, many years had passed before the Mendel’s 

contribution that explains how the heredity affects phenotype were understood. Only 

one century ago, thanks to the work of people like Archibald Garrod the Mendel’s 

contribution was applied to human trails and health [7, 75]. Before the human genome 

sequencing era, the genomic of AIDs knowledge was based on animal models and 

family-based linkage studies leading to recognized around 40 genes associated with 

these pathologies by 1994 [27]. The long haplotype structure of the human genome due 

to the LD, and its systematic mapping by the International Haplotype Map (HapMap) 

Project [76], allowed single nucleotide polymorphisms (SNPs), to be used as markers 

for common haplotypes. Then the SNPs could be genotyped using TaqMan® 5’ allelic 

discrimination technology in the candidate gene approach; or chip technology in the 

GWAS hypothesis free (Figure 3) [12, 77]. After the outstanding GWAS approach there 

are more than 200 loci that have been associated with one or more AIDs, according with 

one of the most recent reviews in the field, published one year and a half ago [2]. 
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Common genetic susceptibility in autoimmune diseases 
 

The concept of a shared origin for AIDs has at times been called; “mosaic of 

autoimmune manifestations” [78], “kaleidoscope of autoimmunity”[45, 49] or 

“autoimmune tautology” [44]. Basically those concepts illustrate that AIDs share a 

number of factors, such as clinical manifestations, immunopathological mechanisms, 

familial autoimmunity, appearance of polyautoimmunity, and genetic risk factors. 

Understanding what is common and different in the genetic background is a clue 

towards figuring out the puzzle of AIDs. 

It has been repetitively mentioned before that the main genetic region linked to AIDs is 

the MHC loci (Figure 4) [2, 3, 5, 27, 79, 80]. The MHC region is located in the 6p21 

chromosomic region, it extends ~7.6Mb, it has one of the highest genes densities of all 

the human genome and around 40% of its genes have immunological related functions. 

The MHC is divided into class I (HLA-A, -B, -C), class II (HLA-DP, -DQ, -DR) and 

class III (non-antigen processing and presentation genes). Among its main 

characteristics is the high LD that represents a big challenge in the AIDs genetic 

susceptibility research. The main conclusions from the studies of the MHC in AIDs are 

[79-83]: i) The MHC associations with AIDs result from complex, multilocus effects 

that span the entire region. Although more of the loci associated with AIDs point similar 

loci (i.e. HLA-DR), the alleles associated to each disease seems to be specific. For 

example the most shared diseases susceptibility allele arise from HLA-DR4 except for 

SSc and UC, but the high resolution alleles of this group are specific for each disease 

(i.e. HLA-DRB1*01:01 in RA and HLA-DRB1*01:03 in CD). ii) The divers associations 

of the MHC in one AID can be classified in a hierarchy of association. For example the 

top association for SLE is HLA-DRB1*03:01 (marked with high LD by the SNP 

rs1269852 that is located between TNXB and CREBL1 genes); but there are number of 

secondary signals that clearly could have biological relevance like NOTCH4 in class III. 

iii) The characterization of the LD patterns between the highly polymorphic HLA genes 

and >7,500 common SNPs and deletion-insertion polymorphisms of the MHC region 

across different populations [84], has allowed refined MHC association studies in RA, 

SLE, SSc and IBD [79, 80, 82, 83]. Since SNPs outside of the HLA genes are 

informative about HLA types. Additionally, alleles in the MHC that are likely to have 

undergone positive selective pressure have provided good candidates to test AIDs 
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Moreover the stunning GWA approach in AIDs and their combination called pan-meta-

analysis [86], are increasing exponentially the number of SNPs associated to 

inflammatory pathologies [7]. One of the first pan-meta-analysis, combined CD, UC 

and type 1 diabetes and showed that the same polymorphisms located in the loci MHC, 

IL27, IL18RAP, IL10 and PTPN22 confer risk for type 1 diabetes while have a 

protection effect against CD and UC [87]. A similar study combining GWAS of CD and 

celiac diseases found new associations with polymorphisms in the TAGAP and PUS10 

loci [88]. The combine analysis between RA and celiac disease GWAS, reported new 

genetic variants located in or close to the DDX6, CD247, UBE2L3 and UBASH3a loci 

[89]. The pan-meta-analysis in SLE and SSc described for the first time the association 

of a variant in the KIAA0319L locus to AIDs [86].     

Complete reviews compiling the non-MHC genes associated to RA, SLE, SSc and IBD 

have been published [90-94]; along a side with the reviews of the shared genes involved 

in AIDs [2, 5, 46, 47, 95]. Moreover different tools are available online to explore the 

genetic associations with AIDs, mainly based in the results from GWAS. Among them 

are the GWAS catalogue [85],  ImmunoBase [96], and the 1000 Genome project 

browser [97]. A summary of those loci for RA, SLE, SSc and IBD are showed in the 

Figure 5, which shows different examples of locus associated with more than one AIDs. 

Bellow we will focus in the loci studied in this thesis. 
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Figure 5. Human karyogram indicating loci associated with the AIDs studied in this 
thesis. The figure present the most representative locus associated with RA, SLE, CD, 
UC and this two last together referred as IBD. Comparatively the study of the SSc 
genetic component is recent and it is one of the main focuses in our research group. For 
that reason most of the loci significantly associated to SSc are represented. Modified 
from Lessard et al.[47]. 

 

Protein tyrosine phosphatase non-receptor type 22 (PTPN22) 

PTPN22 encodes the lymphoid tyrosine phosphatase (LYP), that is a critical regulator 

of signalling in T and B lymphocytes, and is expressed exclusively in hematopoietic 

cells. In the T cell receptor (TCR) signalling, LYP acts as a negative regulator.  Major 

substrates of LYP in T cells are pY residues in the activation motif of tyrosine kinases 

involved in mediating early TCR signaling, such as leukocyte especific protein tyrosine 

kinase (Lck), FYN oncogene related to SRC, FGR, YES (Fyn), and ζ chain-associated 

protein tyrosine kinase 70 (ZAP70) [98-100].  The precise mechanisms by which LYP 

acts in the signalling of the B cell receptor (BCR) are not yet established, but its known 

that this tyrosine phosphatase protein affects the modulation of the B cell populations 

and their tolerance checkpoints [101, 102]. Little is known about the role of LYP in 

other immune cells subpopulations, but it is known that natural killer (NK) and 

dendritic cells (DC) highly express LYP [96].  

The non-synonymous SNP rs2476601 (C1858T, R620W) located in the exon 14 of the 

PTPN22 gene, is the leading example of a genetic variant that confers risk of 

developing AIDs. It is the strongest association for these diseases outside the MHC. 

Using a CGAS this variant was first associated with type 1 diabetes [103], and 

subsequently with multiple AIDs in Caucasian populations, among them RA and SLE 

[104-107]. It was considered that the association was related to diseases characterized 

by humoral component where autoantibodies are prominent. However, later on the 

variant was associated in with CD [108, 109]. The association of the rs2476601 with 

RA and SLE has been also observed in different GWAS [110-112], mine while for SSc. 

the variant did not exceed the GWAS p value association threshold (p<10-8) [113]. 

During the exploration of other possible PTPN22 genetics variants associated to RA, 

two coding SNPs were discovered in the catalytic domain of the protein [114]. Among 

them, the SNP rs33996649 (G788A, R263Q) in the exon 10 of the PTPN22 gene, was 

associated with SLE [115]. The minor allele of this variant exhibited a protection role 
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for the development of SLE and a similar results have been observed in RA [116]. 

There is not GWAS information for this variant, because one of the inclusion criteria for 

this approach is a minor allele frequency upper than 5%. The frequency for the A allele 

of rs33996649 is around 2% for European ancestry populations [97].  

 

Signal transducer and activator transcription 4 (STAT4) 

STAT4 is a critical regulator in the inflammatory process. It transducers interleukin-12 

(IL-12), interleukin-23 (IL-23), and type 1 interferon cytokine signals  (IFN) in T cells 

and monocytes, leading to T-helper type 1 (Th1) and T-helper type 17 (Th17) 

differentiation, monocytes activation, and interferon- γ (IFN- γ) production [117]. 

STAT4 is located in the long arm of the chromosome 2. This region was first associated 

with RA and SLE in genome wide linkage scans in Caucasians families [118-120]. 

Case-control studies in the same diseases that implemented tagging selection and fine 

mapping strategies, identified a significant association with the SNP rs7574865 in the 

third intron of STAT4 [121, 122]. A correlation between the homozygous for the risk 

allele of rs7574865 (TT) and higher expression of STAT4 has observed, indicating a 

possible functional implication of the genetic variant [122]. Different studies replicated 

the association of the SNP rs7574865 with RA and SLE mainly in Caucasians but also 

in Asian and South Latin American populations [123, 124]. The influence of this STAT4 

variant was subsequently revealed in other AIDs such Sjögren’s syndrome [125, 126]  

and lcSSc [127]. Also, the rs7574865 polymorphism was associated with IBD in a small 

Spanish case-control cohort [128]. The association of the rs7574865 with RA, SLE, SSc 

and celiac diseases has been detected in several GWAS [89, 129-133].  

 

Interleukin 2 and interleukin 21 locus (IL2-IL21) 

The first associations with this locus to AIDs were observed through GWAS approach 

in grave’s disease, T1D [134, 135] and celiac disease [136]. Almost simultaneously a 

case-control study in SLE found associated two polymorphisms (rs907715 and 

rs2221903) of the IL21 gene [137]. The hit association of the celiac disease study 

(rs6822844) was evaluated a T1D and RA candidate gene association studies. The 

results showed that the minor allele of the SNP confers decrease risk for both diseases 
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[138]. These studies were followed by similar results in other cohorts of RA [139, 140], 

UC [141, 142], CD [143, 144] and psoriasis [145]. A transethnic fine mapping of this 

locus in SLE restricted the association to two variants: rs907715 and rs6835457 [146]. 

Reports of the associated IL2IL21 genetic variants in SSc were not performed until then.  

The extended IL2-IL21 locus (~480kb) contains also the genes KIAAA1109 and 

ADAD1. However, the biological role and the location of the rs6822844 polymorphism 

suggest that the IL2 and IL21 genes could be functional implicated in the AIDs 

susceptibility. IL2 has a paradoxical function in the immune system; it is determinant in 

the first steps of the T cell proliferation process but its absence produce lethal 

autoimmunity in mice. The suggestion that IL2 could be involved in the production the 

regulatory T cells can explain in part the paradox [147, 148]. On the other hand, IL21 is 

predominantly produced by activated CD4+ T cells and natural killer (NK) cells. IL21 

has pleiotropic effects in both innate and adaptive immune response. For example, it can 

enhance the differentiation of Th17 cells, which are present in inflamed tissues of 

patients with RA or CD. IL21 also promote the B cell differentiation, activation or death 

in the humoral immune response; this feature makes it a good candidate as a therapeutic 

target [149, 150].  

 

 CD24 

The small glycosylphosphatidylinositol-anchored cell surface protein, encode by the 

CD24 gene, is expressed in cells that participate in the immunopathogenic mechanism 

of AIDs like macrophagues, T and B cells [96, 151]. Indeed, this protein is involved in 

the costimulatory activity of the clonal expansion of T cells and it is a check point in the 

homeostatic proliferation of T cells [152]. CD24 gene (GeneID 100133941) is located 

in the locus 6q21, and pseudogenes have been anotated in chromosomes 15 and Y, 

probably due to a segmental duplication. The cDNA of this gene has particular features. 

Around 10% of its ~2 kb of mRNA, is the protein coding portion; the leading 90% 

constitute a long 3´untranslate region (UTR) [153, 154].  Two functional 

polymorphisms of CD24 have been associated with multiple sclerosis, RA, SLE, 

autoimmune thyroid diseases and giant cell arteritis [151, 155-161]. A SNP in the exon 

2 (rs8734, T226C), that generates a substitution of A by V in the amino acid 57 [161]. 

The other genetic variant associated with a decrease risk to AIDs is a dinucleotid 
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deletion at position 1527~1528 (rs3838646, P1527del) from the translation start site that 

modulates the CD24 mRNA stability [151, 161].  

BCL2-Antagonist/Killer 1 (BAK1) 

Immune cell homeostasis is regulated by apoptosis. This is an important process for 

tolerance because T and B cells expressing antigen receptors that recognize self-

antigens with high avidity are eliminated by apoptosis. Moreover, activated T and B 

lymphocytes are eliminated through apoptosis, after the successful elimination of a 

pathogen. The purpose of such elimination is to make space for subsequent immune 

response and to limit collateral damage to healthy tissues. Defects in apoptosis may 

allow the escape of potential dangerous cells, that could affect the development of AIDs 

[162]. BCL-2 family member proteins are important in the regulation of the apoptosis 

pathway; among them BAK1 plays a proapoptotic role [163]. BAK1 is overexpressed in 

the autoimmune lesions of patients with different autoimmune pathologies [164-167]. 

All together indicate that BAK1 was well qualified for CGAS. In fact BAK1 

polymorphisms (rs513349, rs561276 and rs5745582) were associated with RA, SLE 

and Sjögren’s syndrome in a Colombian population [168]. However, other studies have 

not been testing these results. 

 

Ubiquitin associated and Src-homology 3 domain containing A (UBASH3a) 

UBASH3a encodes a protein that facilitates T cell apoptosis through the caspasas 

activation mechanism; it belongs to the T cell ubiquitin ligand (TULA) proteins family 

that are involved in the TRC suppression signalling. It is expressed exclusively in 

lymphoid cells and it is implicated in the signalling regulation mediated by protein 

tyrosine kinases. UBASH3a is located in the chromosome region 21q22, contains 15 

exons and spans 40kb [169-171]. Different variants of the UBAHS3a have been 

associated with RA, T1D, celiac diseases and vitiligo in GWAS [89, 172-174].  
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Rheumatoid Arthritis (RA) 

RA (MIM#180300)[175] is characterized by synovial inflammation and hyperplasia, 

production of rheumatoid factor (RF) and anti-citrullinated protein antibody (ACPA) 

autoantibodies, cartilage and bone destruction, and systemic features, including 

cardiovascular, pulmonary, psychological and skeletal disorders [40, 41]. Like in most 

of the AIDs the frequency of affected women is significantly higher than men, with RA 

two to three times more common among women [34].  RA is defined by criteria that has 

been useful in harmonizing clinical trials and clinical practice but that are not based on 

what is known about its etiopathogenesis [176].  One of the seven criteria is the 

presence of RF, which is not specific for RA but is rather a general consequence of 

immune activation in the context of immune complex formation. There is not 

experimental evidence that show the proarthriogenic effect of RF.  Comparatively, 

ACPA autoantibodies are highly specific for RA. They can be found in 60% of RA 

patients while only in around 2% of the general population and are very rare in other 

autoimmune conditions [177]. The occurrence of antibodies to citrullinated proteins is 

seen several years before the onset of the disease, and very few patients develop ACPA 

after onset of their symptoms [178]. Another important characteristic of RA is that the 

presence of ACPA is closely linked to the presence of MHC class II alleles that 

predispose for this disease.  

In the early 1970’s different studies showed that RA patients tend to share the same 

HLA genes. Subsequently, serologic studies identified an increased proportion of RA 

patients positive for HLA-DRw4 allele, in comparison to healthy controls; 

demonstrating that the HLA region is a genetic susceptibility factor to RA (reviewed in 

[90]). Better characterization of the HLA locus allowed determining the different risk 

alleles in the HLA-DRB1 gene that encode a conserved amino acid sequence, which led 

to the “shared epitope” hypothesis [179]. A sequence of five amino acids located in the 

antigen binding-groove of the HLA protein, and encoded by share epitope alleles are 

associated mostly with the ACPA-positive subset of RA [53, 180]. It seems that this 

feature influences the affinity of binding to the citrullinated peptides, and to modulate T-

cell responses, nevertheless the precise biological implications for the share epitope are 

not yet clear.  Moreover genetic associations with ACPA-negative RA complicate the 

shared epitope theory.  
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Concordance rates of between 15 to 30% among monozygotic twins (MZ) and 5 % 

among dizygotic twins (DZ) support the genetic component of RA.  This suggests that 

the genetic contribution to this disease approaches 60% [181]. The prevalence of this 

diseases range between 0.5 to 1.0% in European and North-America populations. On 

the other hand the American Indian populations have the highest recorded occurrence of 

RA, with a prevalence of 5.8% for Pima Indians and 6.8% for the Chippewa Indians. By 

contrast, some studies in South Africa and Nigeria fail to find any RA cases with sample 

sizes of 500 and 2000 adults, respectively. Also, studies in Southeast Asia, including 

China and Japan, have shown very low occurrence of RA, of around 0.2-0.3% [50]. 

Familial aggregation, studies of candidate genes and GWAS sustain clearly a 

considerable RA genetic component [90].   
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Table 1. General features of the autoimmune diseases (AIDs) studied in the present thesis. 

Phenotype 
Abbrevia‐ 

tion 
Main affection 

Auto 

antibodies 

~ % 
Monozygotic 
(MZ) twins 
concordance 

 % dizygotic (DZ) 
twins 

concordance 

Ancestry 
group with 
higher 

prevalence 

Women: men 
ratio 

Environmental risk 
factors*** 

Reference of 
clinical criteria of 
classification 

Rheumatoid 
arthritis 

RA 
Synovial inflammation and 
hyperplasia. 

RF, ACPA   15 ‐ 30  5 
Native 
American 
Indians  

3:1 

Smoking, crystalline 
silica, pesticides, 
hairdressing chemicals, 
UVB (protective), 
parvovirus B19, 
Epstein‐Barr virus 

[182] 

Systemic 
Lupus 

Erythematos
us  

SLE 

Systemic affection, characterized 
by production of antinuclear 
autoantibodies, immune‐complex 
deposition, and subsequent organ 
damage.  

ANAs, anti‐
dsDNA, anti‐
Sm, anti‐U1 
RNP, anti‐
Ro/SSA,  anti‐
La/SSB, anti‐
NMDA 

24  2 
Afro 
descendants

9:1 

Crystalline silica, 
pesticides, nail polish, 
sun light, parvovirus 
B19, Epstein‐Barr virus, 
hepatitis B virus  

[183] 

Systemic 
Sclerosis* 

SSc 

Affection of the connective tissue; 
involved first vascular alterations 
and extensive fibrosis and 
autoantibodies against various 
cellular antigens. 

ACA,  ATA,  
ARA  

4.2  5.6 

Choctaw 
Native 
Americans 
and Afro 
descendants

3:1 ‐ 8:1 

Crystalline silica, 
occupational exposure 
to solvents  
(trichloroethylene), 
Helicobacter pylori 
infection  

[184, 185] 



Revisiting the genetic puzzle of autoimmune diseases 
 

32 INTRODUCTION  32 

Chron's 
disease** 

CD 

Chronic relapsing inflammatory 
disorders of the gastrointestinal 
tract. The affection is presented in 
a non‐continuous fashion; most 
commonly the terminal ileum or 
the perianal region is involved. 

‐‐  50  0‐3.8 
Europe and 
North 
America 

1:1 
Smoking, microflora 
(complex interaction 
with the host) 

[186] 

Ulcerative 
colitis** 

UC 

Chronic relapsing inflammatory 
disorders of the gastrointestinal 
tract. The inflammation is limited 
to colon and its manifested in a 
continuous fashion.  

‐‐  20  0‐4.5 
Europe and 
North 
America 

1:1 

Smoking (protective), 
microflora (complex 
interaction with the 
host) 

[186] 

*The main subtypes of systemic sclerosis are  limited cutaneous scleroderma (lcSSc) and diffuse cutaneous scleroderma (dcSSc). 

* *There is not a clear consensus related with the specific autoantibodies in IBD (CD and UC).  

***Environmental risk factors well establish or suggested by epidemiological studies. 
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Systemic Lupus Erythematosus (SLE) 
SLE (MIM#152700) is considered as prototypic AID because of the production of 

antinuclear autoantibodies, immune-complex deposition, and subsequent organ damage. 

The term “lupus erythematosus” was introduced by 19th-century physicians to describe 

skin lesions and 100 years later it was discovered that the diseases is systemic [39]. The 

rate between women and men is nine to one, affecting women of childbearing age. 

Although SLE is not as prevalent as some other chronic diseases, for example 

hypertension; the overall impact of SLE, measured as health-related quality of life, is 

significantly worse and affects all health domains at an earlier age in comparison to 

patients with some other common chronic diseases [34, 187]. The prevalence of SLE 

ranges from 0.02% in North Europeans people 0.2% among Afro descendent 

populations. In the United States, people from Africa, Hispanic, or Asian ancestry, as 

compared with those of other ethnic groups, tend to have an increase prevalence of SLE 

and greater involvement of organs [188]. The diverse clinical manifestations of SLE 

present a challenge to the clinician. They range from rash and arthritis through anemia 

and thrombocytopenia to serositis, nephritis, seizures, and psychosis. A patient with one 

of these clinical problems, especially in female patients between 15 to 50 years of age, 

should be part of the SLE differential diagnosis. For the formal diagnosis of SLE, the 

appearance of at least four of the 11 clinical criteria defined is required [183].  

Some of the most recognized autoantibodies in SLE are against: i) the nucleosome 

(antinuclear antibodies, ANAs) specifically directed to double stranded DNA (anti-

dsDNA) and histones. ii) The spliceosome, directed to Sm (nuclear particles consisting 

of several different polypeptides, anti-Sm) and U1 component of the small nuclear 

ribonucleoproteins (anti-U1 RNP). iii) Cytoplasmic ribonucleoproteins (anti-Ro/SSA 

and anti-La/SSB); and iv) the N-methyl-d-aspartate (NMDA) receptor (anti-NMDA). 

Anti-dsDNA antibodies are present in around 70% of SLE patients but in less than 0.5% 

of healthy individuals or patients with other AIDs. There are relations between the 

presences of certain autoantibody specificities in SLE and determined clinical 

manifestations. For example, anti-dsDNA antibodies are related with nephritis, the anti-

NMDA antibodies are related with brain disease and as mention before, the presence of 

anti-Ro/SSa and anti-La/SSB are associated with fetal loss. From the extensive 

spectrum of autoantibody against self-antigen in SLE, some of them have been shown 

to contribute to diseases-related tissue injury [39, 189]. 
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The λ in SLE ranges from 5.8 to 29. Interestingly there is also familiar aggregation of 

other AIDS in SLE patients, for example there is a λ between 2.02 to 3.3 of RA in SLE 

patients [26]. Other reports showed that the concordance for MZ is 24% and 2% for DZ 

[190]. These epidemiologic studies together with the whole-genome scans of families, 

spontaneous mouse models of SLE, classical candidate gene association studies 

(CGAS) and GWAS have lead the identification of several SLE susceptibility loci [91, 

92]. 

 In rare cases, SLE may be associated with recessive genetic modes that exhibit very 

strong effect sizes. Those are alleles in the complement component genes, C2, C4A, 

C4B y C1q (revised in [191]). It is not surprising that the first genetic association in 

SLE would be the MHC region. Although the history of these loci in SLE and others 

AIDs is not the same as the RA shared epitope hypothesis, the association with the 

MHC loci and AIDs is a constant. The most consistent HLA associations with SLE 

reside with the class II alleles, HLA-DRB1*03:01 and HLA-DRB1*15:01; moreover the 

genes C2, C4A and C4B are localized in the class II region of the MHC, showing that 

the signal from this region is attribute to diverse genetic variants [79, 81, 192].  
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Systemic Sclerosis (SSc) 
 

SSc (MIM%181750) or scleroderma, affects the connective tissue; and in general its 

pathogenic processes involves first vascular alterations followed by extensive fibrosis 

and autoantibodies against various cellular antigens. Although the characteristic 

attribute is skin thickening, hence the term scleroderma (Greek; “skleros” and “dermos” 

that mean thickening and skin, respectively); SSc can affect any organ system, including 

pulmonary, renal, cardiac and gastrointestinal systems [37, 38]. It has the highest 

mortality of any rheumatic condition [38]. The general SSc classification criterion 

includes patients, who present Raynaud’s phenomenon, sclerodactyly alone, esophageal 

dysmotility, telangiectasia, calcinosis and scleroderma-related autoantibodies among 

others [184, 185]. There is considerable variation in the classification of SSc, 

particularly in the early stages of the diseases. However, the classification criteria are 

applied to those in whom the diagnosis has already been made, so its relevance is that it 

can be used by researchers to ensure uniformity in diseases cohorts. There is ongoing 

work from large international interactions that will help to mould the existing criterion 

and new proposals allowing better, more accurate comparisons in the near future [184, 

185, 193]  

The three most frequent autoantibodies in SSc are usually mutually exclusive and 

important diagnosis markers: i) anti-centromere antibody (ACA), ii) anti-topoisomerase 

antibody (ATA) and iii) anti-RNA polymerase III (ARA). There are two major 

subgroups by which SSc is classified, limited cutaneous scleroderma (lcSSc) and diffuse 

cutaneous scleroderma (dcSSc); they are determined by the difference in the extent of 

the skin involvement. There is a positive correlation between these subtypes and the 

presence of the most common autoantibodies. ACA is positive for 50 to 70% of lcSSc 

patients; ATA is present in 30-40 % of dcSSc patients, ARA is strongly associated with 

dcSSc [194]. Moreover, strong associations between the type of autoantibody and the 

organ complications and survival in SSc patients are indicated. ACA are considerably 

more frequent with SSc-associated pulmonary arterial hypertension (PAH); the presence 

of ATA is a strong predictor of the development of pulmonary fibrosis and digital ulcers, 

also ATA levels have been shown to correlate positively with skin score, disease severity 

and disease activity in SSc. Patients in whom ATA disappear during follow-up have 
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been reported to have milder disease and better survival. The presence of ARA is a 

strongest predictor of renal crisis in SSc [37, 38, 178]. 

The SSc prevalence varies geographically and ethnically, from 0.005-0.3%; also the 

female to male ratio ranges from 3:1 to 8:1. The highest rate of SSc has been described 

in Choctaw Native Americans and Afro descendants while the lowest is seen n Japanese 

people [195, 196]. There are fewer studies of twins and familial aggregation in SSc than 

RA, SLE or IBD. Nevertheless, the available studies suggest that the concordance for 

SSc is similar between MZ (4.2%) and DZ (5.6%) [197]; other studies have evaluated 

the familial aggregation of other AIDs in SSc more than the familial aggregation of SSc 

itself [198-200]. The studies agreed that two of the most frequent AIDs in relatives of 

patients with SSc are autoimmune thyroid diseases (AITD) and RA. One of those 

research also evaluated the SSc familial aggregation in a French population observing a 

λ of 3.5 [200]. Interesting, SSc probands with ACA and lcSSc subtype were more likely 

to report familial autoimmunity [198]. Together, these data point that the genetic 

component of SSc seems to be minor compare with SLE, RA or IBD. These estimates 

are, however, based on a small number of twins and only on Caucasian populations. 

This leaves a question mark about the calculations of the percentage of the heritable 

component in AIDs. Even thou the contribution of heritage is less in SSc than other 

AIDs, there is still a contribution to described and understand. Indeed, the first 

significant advances in the study of the genetic of SSc have been stepped recently [94]; 

for example, there are 11 GWAS in SLE and four in SSc registered in the NHGRI 

GWAS by now [82, 85, 113, 129, 201]. Classical genetic association studies and GWAS 

have contributed significantly to the identification of the genetic locus related with SSc 

[94].  
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Inflammatory Bowel Diseases (IBD) 
 

IBD (MIM#266600) encompass both chronic relapsing inflammatory disorders of the 

gastrointestinal tract, Crohn’s disease (CD) and Ulcerative colitis (UC).  It is consider 

that an inappropriate and continuing inflammatory response to commensal microbes in a 

genetically susceptibility host is the start point of IBD [42, 43]. For IBD the 

contribution of autoimmune mechanisms is questioned, but the overlap of genetic 

associations that have been identifying during the last decade suggests a share immune 

pathogenesis with AIDs [2, 5]. Moreover, some IBD patient’s exhibit extraintestinal 

autoimmune affectations such as inflammation of the skin, eyes and joins. Also the 

successful immunosuppressive therapy and the presence of a variety of autoantibodies 

including antineutrophil cytoplasmic antibodies (ANCA), antibodies against exocrine 

pancreas (PAB) or intestinal goblet cells (GAB) support the autoimmune background of 

IBD[202, 203]. 

The range of IBD is more clearly related with geography than ethnicity. The highest 

incidence and prevalence of both CD and UC, has been identify in Europe and North 

America. However increase of IBD’s incidence and prevalence from other areas of the 

world such Africa, Asia and Latin America has been reported. The prevalence for CD 

ranges from 0.026 to 0.19% and for UC from 0.037 to 0.25%; and the peak onset is in 

persons 15 to 10 years of age [204]. CD involves any part of gastrointestinal tract; most 

commonly the terminal ileum or the perianal region, in a non-continuous fashion and, is 

commonly associated with complications such as strictures, abscesses and fistulas. The 

microscopic features of CD include thickened submucosa, transmural inflammation, 

fissuring ulceration and non-caseating granulomas. By contrast, UC is characterized by 

inflammation that is limited to colon: it begins in the rectum, spreads proximally in a 

continuous fashion and frequently involves the periappendiceal region. UC shows 

superficial inflammation changes limited to the mucosa and submucosa with cryptitis 

and crypt abscesses. IBD diagnosis is based upon the coevaluation of clinical findings, 

endoscopic, radiological, and histological with the main goal of excluding other 

conditions with similar presentations and defining the extent and severity of 

inflammation. The criteria classification for CD takes in account the age at diagnosis, 

location and behavior. On the other hand, the extension of the affection and the severity 

are the main factors for the classification in UC [186, 205]. IBD differentiates from RA, 
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SLE and SSc in the gender bias. The proportion of male and female affected by CD or 

UC is almost 50:50 [42, 43].  

The higher concordance rate among MZ than among DZ twin pairs strongly pointed to a 

genetic influence of IBD, which seems to be more pronounce with regard to CD (around 

50%) than to UC (around 20%)  [206, 207]. Among complex diseases, genome 

association studies have been highly successful in IBD, identifying 163 genetic risk 

loci, as well as the implication of previously unexpected mechanisms, such as 

autophagy, in its pathogenesis. Other successful result of the GWAS in IBD is the 

finding that around 110 loci are shared between CD and UC, and some others have been 

associated with different inflammatory diseases. This indicated that CD and UC engage 

common pathways and maybe part of a mechanistic continuum [43, 93, 208].  Several 

independent genetic association studies in both CD and UC have shown evidence of 

linkage to the MHC, suggesting that this region may exert a greater effect in 

susceptibility to UC rather than CD [48, 81]. Compared with RA, SLE and SSc, the 

record of published GWAS can be attributed to IBD, with 24 registered GWAS in the 

NHGRI catalogue [85]. This remark the necessity of increasing the sample size, perform 

replications and combine genetic association studies (i.e. meta-analysis) to reach similar 

IBD successful with the previous mentioned diseases.   

There are increasing studies showing that the host-microbe interactions shape the 

genetic architecture of IBD. The gut microflora is a community that has co-evolved with 

the host and confers beneficial effects, including helping to metabolize nutrients, 

modulate immune responses and defend against pathogens. The dysregulation of that 

normal homeostatic relationship is a central factor in the development of IBD. The 

microbiome can be perceived as a conserved functional entity in which clustering the 

abundance of genes in certain categories in a species-independent fashion shows high 

host interindividual similarity. Differences in the abundance of both bacterial species 

and functional gene categories (such as bacterial motility, sugar and iron metabolism) 

can differentiate patients with IBD from healthy individuals, demonstrating IBD-related 

changes in gut microbial ecology [93]. A recent study showed that loci associated with 

IBD, as a group, are subject to both types of selective pressures; directional 

(consistently favouring one allele over the course of human history) and balancing 

(favouring the retention of both alleles within populations) selection. That means that 

both infections organisms and host-microbe co-evolution have influence the genetic 
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susceptibility to IBD. The authors of the study observed, for example, a considerable 

overlap between susceptibility loci for IBD and mycobacterial infection [208]. All these 

mentioned characteristics of IBD prompt out this diseased as role model of the missing 

link between infectious diseases and AIDs. 
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OBJECTIVES 
 

The main aim of this thesis was to evaluate genetic markers, which have been 

previously associated with other AIDs, in diseases that have not been studied for such 

genetic variants. Other objective was to integrate the observed results with the previous 

findings and to distinguish similarities and differences between the diseases. An 

additional purpose was to try to detected patrons or characteristics in the share AID 

genetic variants.  

The specific objectives were: 

• To re-evaluate the influence of the rs2476601 PTPN22 polymorphism in SSc 

and IBD in Caucasian populations. 

• To determine whether the novel functional rs33996649 PTPN22 variant was 

associated with SSc and IBD in Caucasian populations. 

• To re-evaluate the association of the rs7574865 STAT4 polymorphisms with IBD 

in Spanish population. 

• To study for the first time the influence in SSc of the previous associated IL2-

IL21 locus polymorphisms. 

• To determine whether genetic variants of the UBASH3a gene were associated 

with SLE in Caucasian populations. 

• To find out if two polymorphisms (rs8734 and rs3838646) of CD24 gene 

influence the susceptibility to IBD in a Spanish population. 

• To assess if the BAK1 variants associated in AIDs in Latin American populations 

had the same effect in RA and SLE from a Spanish population. 
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SUPPLEMENTAL TABLES 

Supplementary Table 1. Allele frequencies distribution of the R263Q polymorphism in three Caucasian 
cohorts according to the clinical classification variables of CD(18-20) and healthy controls. 

Population Clinical Variable (N)b 2N G % A % p value OR 95% CI 

 Diagnosis Age A   (248)          

 <16 (A1) 66 64 96.97 2 3.03 0.94 1.39 0.39 5 
 17 - 40 (A2) 332 317 95.48 15 4.52 0.19 1.52 0.88 2.62
 >40 (A3) 98 95 96.94 3 3.06 0.95 1.26 0.43 3.72
 Disease Location L (482)          

 Ileal (L1) 416 395 94.95 21 5.05 0.41c 1.68 1.04 2.7 
Spain Colonic (L2) 178 171 96.07 7 3.93 0.58 1.41 0.66 2.9 

 Ileocolonic (L3) 370 356 96.22 14 3.78 0.53 1.27 0.73 2.22
 Upper GI Tract (L4) 40 40 100.00 0 0.00 - - - - 
 Disease Behavior B (340) 680 651 95.74 29 4.26     
 Perforating (B3) 198 191 96.46 7 3.54 0.78 1.26 0.59 2.68
 Stricturing (B2) 90 88 97.78 2 2.22 0.61 1.02 0.29 3.63

 Inflammatory (B1) 392 372 94.90 20 5.10 0.29c 1.76 1.1 2.85
  Controls (1685) 3370 3263 96.82 107 3.18         
 Diagnosis Age A (452)          
 <16 (A1) 152 147 96.71 5 3.29 0.61 1.48 0.6 3.65
 17 - 40 (A2) 584 573 98.12 11 1.88 0.33 0.76 0.39 1.47
 >40 (A3) 168 164 97.62 4 2.38 0.86 1.1 0.42 2.96
 Disease Location L (425)          
 Ileal (L1) 226 220 97.35 6 2.65 0.97 1.16 0.5 2.67

Dutch Colonic (L2) 206 203 98.54 3 1.46 0.32 0.72 0.24 2.15
 Ileocolonic (L3) 418 409 97.85 9 2.15 0.6 0.89 0.44 1.81
 Upper GI Tract (L4) 92 91 98.91 1 1.09 0.37 0.79 0.15 4.1 
 Disease Behavior B (446)          
 Perforating (B3) 194 189 97.42 5 2.58 0.98 1.15 0.47 2.83
 Stricturing (B2) 372 364 97.85 8 2.15 0.61 0.9 0.43 1.89
 Inflammatory (B1) 326 319 97.85 7 2.15 0.63 0.91 0.42 1.99
  Controls (863) 1726 1681 97.39 45 2.61         
 Diagnosis Age A  (497)          
 <16 (A1) 112 111 99.11 1 0.89 0.39 0.42 0.06 3.19
 17 - 40 (A2) + >40 (A3) 882 862 97.73 20 2.27 0.75 1.1 0.61 2.02
 Disease Location L(493)          

New Zealanda Ileal (L1) 576 568 98.61 8 1.39 0.33 0.72 0.33 1.59
 Colonic (L2) 410 397 96.83 13 3.17 0.2 1.61 0.81 3.17
 Disease Behavior B (497)          
 Inflammatory (B1) 564 549 97.34 15 2.66 0.43 1.33 0.69 2.54
 (B2+B3)  430 424 98.60 6 1.40 0.38 0.75 0.31 1.81
  Controls (559) 1118 1095 97.94 23 2.06         

aOnly showed the available data. bThe meta-analysis calculated through the fixed effects model for each clinical 
variable did not show significant associations. cFDR correction p-value (based on nine comparisons) 
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Supplementary Table 2. Allelic frequencies of the R620W polymorphism in three Caucasian cohorts according 
to the clinical classification of  CD(18-20) and healthy controls. 

Population Clinical Variable (N) 2N C % T % p value OR 95% CI 
 Diagnosis Age A (248)          
 <16 (A1) 66 60 90.9 6 9.1 0.45 1.58 0.69 3.59
 17 - 40 (A2) 332 316 95.2 16 4.8 0.17 0.74 0.44 1.24
 >40 (A3) 98 95 96.9 3 3.1 0.15 0.57 0.2 1.68
 Disease Location L (482)          
 Ileal (L1) 416 394 94.7 22 5.3 0.26 0.8 0.51 1.25
 Colonic (L2) 178 170 95.5 8 4.5 0.24 0.73 0.36 1.46

Spain Ileocolonic (L3) 370 349 94.3 21 5.7 0.44 0.87 0.55 1.37
 Upper GI Tract (L4) 40 39 97.5 1 2.5 0.29 0.69 0.13 3.54
 Disease Behavior B (340)          
 Perforating (B3) 198 187 94.4 11 5.6 0.52 0.88 0.48 1.62
 Stricturing (B2) 90 84 93.3 6 6.7 0.98 1.14 0.51 2.55
 Inflammatory (B1) 392 373 95.2 19 4.8 0.15 0.74 0.46 1.19
  Controls (1685) 3370 3143 93.3 227 6.7         
 Diagnosis Age A   (697)          
 <16 (A1) 654 620 94.8 34 5.2 5.4E-03c 0.53 0.36 0.77
 17 - 40 (A2) 578 551 95.3 27 4.7 1.8E-03c 0.48 0.31 0.72
 >40 (A3) 162 146 90.1 16 9.9 0.91 1.1 0.63 1.85
 Disease Location L (417)          
 Ileal (L1) 220 211 95.9 9 4.1 0.06c 0.44 0.23 0.86
 Colonic (L2) 206 194 94.2 12 5.8 0.08 0.62 0.34 1.13

Dutch Ileocolonic (L3) 408 374 91.7 34 8.3 0.43 0.87 0.59 1.29
 Upper GI Tract (L4) 84 80 95.2 4 4.8 0.13 0.58 0.22 1.52
 Disease Behavior B (435)          
 Perforating (B3) 186 175 94.1 11 5.9 0.1 0.64 0.34 1.18
 Stricturing (B2) 364 343 94.2 21 5.8 0.18c 0.6 0.38 0.95
 Inflammatory (B1) 320 294 91.9 26 8.1 0.41 0.86 0.56 1.32
  Controls (834) 1668 1508 90.4 160 9.6         
 Diagnosis Age A  (465)          
 <16 (A1) 106 96 90.6 10 9.4 0.87 0.94 0.48 1.86
 17 - 40 (A2) - - - - - - - - - 
 >40 (A3) - - - - - - - - -
 Disease Location L(461)          

New Zealanda Ileal (L1) 542 504 93.0 38 7.0 0.44c 0.68 0.47 1 
 Colonic (L2) 380 351 92.4 29 7.6 0.18 0.75 0.49 1.45
 Ileocolonic (L3) - - - - - - - - - 
 Upper GI Tract (L4) - - - - - - - - - 
 Disease Behavior B (465)                   
 Inflammatory (B1) 528 492 93.2 36 6.8 0.36c 0.66 0.45 0.98
 (B2+B3)  402 371 92.3 31 7.7 0.19 1.32 0.87 2 
  Controls (563) 1126 1014 90.1 112 9.9         

Pooledb,c Diagnosis Age          

 <16 (A1) 826 776 93.9 50 6.1 0.038c 0.64 0.47 0.88
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 Disease Location          
  Ileal (L1)  1178 1109 94.1 69 5.9 9E-03c 0.64 0.49 0.84

aOnly showed the available data. bMeta-analysis calculated through the fixed effects model and only showed the 
most relevant results. CFDR correction p-value (based on nine comparisons). We did not observe significant 
associations after the pooled analysis between the different subsets of the diseases (i.e. A1 vs. A2+A3). 
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Supplementary Table 3. Allele frequencies distribution of the R263Q polymorphism in three Caucasian cohorts 
according to the clinical classification variables of UC(18-20) and healthy controls. 

Population Clinical Variable (N)b 2N G % A % p value OR 95% CI 
 Diagnosis Age A   (212)          
 <16 (A1) 12 12 100 0 0 - - - - 
 17 - 40 (A2) 232 229 98,71 3 1,29 0,11 0,53 0,18 1,54 
 >40 (A3) 180 176 97,78 4 2,22 0,47 0,85 0,33 2,22 

Spain Disease Extension E (388)          
 Ulcerative Proctitis (E1) 64 63 98,44 1 1,56 0,46 0,94 0,19 4,282
 Left-side UC (E2) 398 391 98,24 7 1,76 0,12 0,62 0,29 1,3 
 Extensive UC (E3) 314 306 97,45 8 2,55 0,54 0,89 0,44 1,8 
  Controls (1685) 3370 3263 96,82 107 3,18         
 Diagnosis Age A   (406)          
 <16 (A1) 76 74 97,37 2 2,63 0,99 1,46 0,4 5,34 
 17 - 40 (A2) 546 535 97,99 11 2,01 0,44 0,82 0,43 1,57 
 >40 (A3) 200 194 97 6 3 0,74 1,31 0,57 3,03 

Dutch Disease Extension E (364)          
 Ulcerative Proctitis (E1) 126 125 99,21 1 0,79 0,21 0,58 0,11 2,98 
 Left-side UC (E2) 204 196 96,08 8 3,92 0,28 1,67 0,79 3,53 
 Extensive UC (E3) 398 390 97,99 8 2,01 0,49 0,84 0,4 1,77 
  Controls (834) 1726 1681 97,39 45 2,61         
 Diagnosis Age A   (481)          
 <16 (A1) 52 52 100 0 0 - - - - 
 17 - 40 (A2) + >40 (A3) 910 899 98,79 11 1,21 0,14 0,61 0,29 1,24 

New Zealanda Disease Extension E (476)          

 Ulcerative Proctitis (E1) + Left-
side UC (E2) 

384 380 98,96 4 1,04 0,2 0,5 0,17 1,46 

 Extensive UC (E3) 568 561 98,77 7 1,23 0,23 0,65 0,28 1,49 
  Controls (559) 1118 1095 97,94 23 2,06         

aOnly showed the available data. bThe meta-analysis calculated through the fixed effects model for each clinical 
variable did not show significant associations. CFDR correction p-value (based on nine comparisons) 
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Supplementary Table 4. Allele frequencies distribution of the R620W polymorphism in three Caucasian cohorts according 
to the clinical classification variables of UC(18-20) and healthy controls. 

Population Clinical Variable (N)b 2N C % T % p value OR 95% CI 
 Diagnosis Age A   (212)          
 <16 (A1) 12 10 83,33 2 0,33 0,17 3,8 0,94 15 
 17 - 40 (A2) 232 217 93,53 15 0,13 0,87 1,01 0,59 1,7 
 >40 (A3) 180 163 90,56 17 0,19 0,16 1,5 0,91 2,52

Spain Disease Extension E (388)         
 Ulcerative Proctitis (E1) 64 62 96,88 2 0,06 0,25 0,66 0,18 2,34
 Left-side UC (E2) 398 372 93,47 26 0,13 0,88 1 0,66 1,51
 Extensive UC (E3) 314 296 94,27 18 0,11 0,49 0,88 0,54 1,44
  Controls (1685) 3370 3143   227           
 Diagnosis Age A   (406)          
 <16 (A1) 76 68 89,47 8 0,21 0,79 1,2 0,59 2,54
 17 - 40 (A2) 540 511 94,63 29 0,11 0.018c 0,55 0,37 0,82
 >40 (A3) 196 186 94,90 10 0,10 0.351c 0,55 0,29 1,05

Dutch Disease Extension E (359)         
 Ulcerative Proctitis (E1) 122 111 90,98 11 0,18 0,83 1 0,54 1,88
 Left-side UC (E2) 200 188 94,00 12 0,12 0,097 0,64 0,36 1,17
 Extensive UC (E3) 396 377 95,20 19 0,10 0.018c 0,5 0,31 0,8 
  Controls (834) 1668 1508   160           
 Diagnosis Age A   (431)          
 <16 (A1) 50 48 96,00 2 0,08 0,16 0,38 0,09 1,57
 17 - 40 (A2) + >40 (A3) 812 729 89,78 83 0,20 0,84 1,03 0,77 1,39

New Zealanda Disease Extension E (426)         

 Ulcerative Proctitis (E1) + Left-side 
UC (E2)

532 476 89,47 56 0,21 0,52 1,15 0,75 1,78

 Extensive UC (E3) 320 292 91,25 28 0,18 0,52 0,89 0,58 1,37
  Controls (563) 1126 1014   112           

aOnly showed the available data. bThe meta-analysis calculated through the fixed effects model for each clinical variable did 
not show significant associations. cFDR correction p-value (based on nine comparisons) 
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DISCUSSION 
 

New evidence of shared genetic components between autoimmune diseases 
 

This Thesis provides evidence for the shared genetic component of AIDs, using the 

candidate gene association approach (Table 2) [209-215]. We described new 

associations in SSc, SLE and IBD with polymorphisms previous described in other 

AIDs. Besides the conclusions obtain from our results, we will discuss important 

features of the genetic association studies in AIDs that we could observed and compared 

with different evidence. 

 

PTPN22, SSc and IBD 
 

For the PTPN22, our studies gather together previous results of the relation between the 

classical functional variant rs2476601, on SSc and IBD [209, 211], demonstrating that 

this variation has a very low influence in the genetic susceptibility to SSc in contrast to 

the effect observed for CD in our study, T1D, RA or SLE in previous reports. The effect 

of the rs2476601 polymorphism is more evident for ACA positive SSc patients and ileal 

location of the affection in CD.  In other studies of this variant with autoantibodies 

presence in AIDs have show similar results. The rs2476601 PTPN22 polymorphism has 

been shown to be more strongly associated with ACCP positive RA, with an OR=1.91 

compared with the OR=1.20 for ACCP negative patients [216]. Something similar was 

observed in anti-dsDNA positive (OR=1.41) and dsDNA negative SLE patients 

(OR=1.14) [130]. A recent study in discordant twin pairs that evaluated the relationship 

between risk alleles and occurrence of autoantibodies showed that there is a high 

concordance of ACCP positivity in MZ twins (78.6%) but significantly less in DZ 

(25%), suggesting an important genetic determinant in the production of these 

autoantibodies [217]. Although, the authors concluded that the rs2476601 PTPN22 

allele is not an associated factor with the occurrence of ACCP, none of the healthy co-

MZ twins were T-risk allele carriers. This suggested that could be an additive effect of 

the occurrence of autoantibodies and the minor allele of the rs2476601 in the risk to 

develop an AID, but the production of the autoantibodies could be influence by other 

genetic variants. 
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Table 2. Summary of the evaluated genetic variants and the results observed for the minor allele of each variant in the studies [209‐215]. 

Locus   Chromosome 
location 

Polymorphism  Phenotype  Subphenotype 
Sample Size 
cases:controls

P value  OR  95% CI  Other associated AIDs 

PTPN22  1p11  rs2476601  SSc     4063:4406  0.03*  1.15  1.03‐1.28   RA, SLE, T1D and Grave's diseases 

      ACA+  1376:4126  0.022*  1.22  1.05‐1.42 

   CD     9254:8766  7.4E‐06* 0.81  0.75‐0.89 

      Ileal location  589:3082  9E‐03*  0.64  0.49‐0.84 

   UC     5695:8766  0.88  0.98  0.85‐1.15 

rs33996649  SSc  3422:3638  0.36  0.89  0.72‐1.12  RA, SLE 

CD  1903:3107  0.22  1.16  0.91‐1.47 

UC  1677:3107  0.013*  0.69  0.51‐0.93 

STAT4  2q32  rs7574865  CD     820:2012  0.71  1.07  0.74‐1.54  RA, SLE, SSc, primary biliary cirrhosis 

   UC     754:2012  0.012*  1.2  1.04‐1.39 

IL2‐IL21  4q27  rs6822844  SSc 
 

4407:5792  6.6E‐04* 0.86  0.79‐0.93  RA, SLE, IBD, T1D, Grave's diseases, celiac disease 

lcSSc  2977:5792  6E‐04*  0.84  0.76‐0.92 

CD24  6q21  rs8734  CD     366:628  0.64  0.95  0.78‐1.17  RA, SLE, Multiple sclerosis, giant cell arteritis 

   UC     322:628  0.27  1.12  0.91‐1.38 

rs3838646  CD     371:629  6.4E‐03  1.61  1.71‐2.21 

   
     

diagnosis age 
from 17 to 40 
years old 

268:629  6.62E‐05 2.27  1.59‐3.24 
 

   UC     310:629  0.66  0.92  0.62‐1.35 

BAK1  6p33  rs513349, 
rs561276, 
rs5745582 

RA  484:829  NS 
 

   
SLE  633:829  NS 

 
UBASH3a  21q43  rs997676  SLE     1266:1544  2.4E‐04* 1.23  1.11‐1.37  RA, T1D and celiac disease 

* The p values, OR and 95% CI correspond to the results of the combine analysis with more than one Caucasian population. NS: non statistically significant. 
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Other interesting characteristic of the rs2476601 PTPN22 polymorphism association 

with AIDs, is the opposite direction of OR of the minor allele in CD (Figure 6) [209]. A 

genetic comparative study of previous associated variants for T1D, CD and UC reported 

opposite directions of OR in associates’ loci [87]. The study confirmed the opposite 

association for rs2476601 variant between T1D (OR=1.99) and CD (OR=0.72); and 

revealed new evidence of similar phenomenon for the variants: rs3024505 in the IL10 

locus (T1D OR=0.76, CD OR=1.24), rs917997 in the IL18RAP region, rs4788084 in the 

NUPR1/IL27 and several MHC SNPs. A similar example is the association found 

between the rs2076530 BTNL2 variant, T1D (OR=1.38), RA (OR=1.35) and SLE 

(OR=0.62) in European descendent population [218]. Sirota et al.[219] implemented a 

novel analysis with multiple SNPs in an allele-specific fashion comparing multiple 

sclerosis, ankylosing spondylitis, autoimmune thyroid disease, RA, CD and T1D [219]. 

The purpose of the authors was to refine the genetic variation profile of a certain disease 

to determined differences and similarities between related diseases. They proposed a 

notion of genetic variation score (GVS) which captures both the strength of association 

(p value) of a given SNP and whether an allele is protective (OR<1) or susceptible 

(OR>1). Based on this there are negative or positive disease-disease relationship, the 

first one defines by two phenotypes strongly associated to the same SNP, where the 

minor allele is oppositely associated to each trait. The positive disease-disease 

relationship is the reverse case, two phenotypes strongly associated to the same SNP 

which minor allele exerts in both the same effect. Applying this to our results, we could 

say that SSc and CD have a negative disease-disease relationship that would be 

reflected in a negative GVS value. This negative disease-disease relationship could be 

related with the idea that the susceptibility loci for AIDs (both inside and outside of 

MHC) are potentially under a balancing selection that are dependent on heterogeneity in 

environmental factors. For example, as we mentioned in the discussion of our 

manuscript of PTPN22 and IBD [209]; the minor allele of the rs2476601 SNP seems to 

play a protective role against tuberculosis  [220-222], illustrating the pleiotropic role of 

this SNP.  In summary, it has suggested that the balancing selection does not act on the 

phenotype (in this case AID) per se, because that requires tens of thousands of years; 

but impacts immune responses towards different infectious agents, predisposing to 

different diseases, that act during recent times  [87].  
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Finally, the association of the rs2476601 PTPN22 with AIDs has been observed mainly 

in European descendent populations and in some South Latin American population 

studies [223, 224], but not in Asian or African descendent populations because it is not 

polymorphic in these populations [97, 104, 225, 226]. Five novel SNPs were found in 

Japanese and Korean populations when the PTPN22 gene was sequenced [225]; and one 

of them (rs2488457) has been suggestive associated with T1D and RA in these 

populations [225, 226]. This represents an example of the genetic heterogeneity 

between populations that adds an important factor to the complexity of the aetiology of 

AIDs.  As we mentioned in the Introduction the MHC associations are also restricted to 

genetic heterogeneity between human populations; other examples are the genes PADI4, 

SLC22A4, PDCD1 [227]. This highlights the importance of the replication in different 

ancestral groups. A good example is the recent published fine mapping of the Xq28 

locus for SLE in multiple ancestral groups [228]. The strongest associated SNPs for 

each population were specific. Nevertheless, a risk haplotype shared in the four 

populations point out the locus that contains the genes TMEM187- IRAK1-MECP2. 

Using a conditional analysis and a meta-analysis the authors observed that the 

rs1059102 could best explain the association signals detected in the region. 

We demonstrated for the first time, that the minor allele of the functional 

polymorphisms rs33996649 of the  PTPN22 gene is protective against UC (Table 2) 

[209]. This result suggests that there is a positive disease-disease relationship between 

RA, SLE and UC [115, 116, 209]. Our results showed that the PTPN22 locus is related 

with IBD but in a differential fashion between CD and UC. Coming back to the 

mentioned lessons taken from the MHC region, our observations showed something 

similar in a smaller scale because the precise allele and its effects seems to be specific 

for each disease. The location and amino acid change of both genetic variants, 

rs2476601 and rs33996649, have direct implications in the function of LYP. Although 

the mechanisms of action of both polymorphisms in AIDs are not clear; some studies 

have shown that the amino acid (W) encoded by the minor allele of rs247660, is a gain-

of-function form of LYP, and carriers of LYP-W620 show reduced TCR signalling [229, 

230]. On the other hand, the evidence suggest that the amino acid (Q) encoded by the 

minor allele of rs33996649 is a rare loss-of-function mutant of LYP [115] (Figure 6). 

Together with our results, this proposes another paradox, because both a reduction and 
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showed that the minor allele exert a risk effect for both CD and UC, in the same 

direction that the previous studies had reported in RA, SLE, SSc and Sjögren’s 

syndrome [121, 122, 126-128]. The aim of our study was to evaluate the STAT4 variant 

in our IBD cohort and increase the statistical power pooling both studies. The result was 

replicated for UC but not for CD (Table 2). We observed heterogeneity in the meta-

analysis of CD, due to the inverse OR in both groups (See Figure 1 in [213]). The 

frequency of the minor allele of the rs7574865 was slightly higher in healthy controls 

compared to CD patients in our cohort compared with Martinez et al study [128] 

finding. Posterior to the publication of our study, another CGAS in IBD European 

descendent population that included the rs7574865 STAT4 observed a lack of a 

association in both CD and UC [231].  Nevertheless, they observed a trend of 

association with the minor allele of rs7574865 SNP and CD (p=0.047, OR=0.86 

95%CI=0.74-0.99). On the other hand, a study that analyzed eight STAT4 

polymorphisms in IBD Korean population, suggested an association in the dominant 

model for the rs925843 STAT4 variant in UC but not an influence of the rs7574865; 

moreover the variants are not in LD [232]. Another study in Tunisian population that 

evaluated the role of rs7574865 in IBD showed that the minor allele of the variant had a 

marginal association with UC but not with CD [233]. Because there is not consistent 

results among these studies, we performed a meta-analysis of the five studies and we 

observed an association of the minor allele of the rs7574865 with UC (p value=0.019, 

OR=1.13, 95%CI=1.02-1.25); while there was not effect of this allele on CD (p 

value=0.36, OR=0.95, 95%CI=0.86-1.05).  The heterogeneity measured by the 

Breslow-Day (BD) test, was not significant for UC (p value= 0.2, BD=5.91) while it 

was for CD (p value=0.016, BD=12.17) (Figure 7).  Together, these suggest that there is 

an effect of the rs7574865 STAT4 variant on UC but not in CD. If we take in account 

our observations in PTPN22 and SSc, we can suggest that the effect of the rs75748656 

STAT4 variant in UC represents a minor genetic susceptibility factor such it is the 

rs2476601 PTPN22 for SSc. Moreover, it is possible that the association for this locus 

in IBD fall on different SNPs of the STAT4 locus. Indeed the functional evidence has 

suggested that STAT4 is implicated in IBD [117, 234-236]. For example, STAT4 is 

required for the fully functional Th1 cells development, STAT4-deficient mice are 

protected from the effects of T-cell-mediated autoimmune diseases in several models of 

autoimmune diseases [117], among them colitis induced by transplantation [237]. A 

study with IBD patients and healthy controls showed that there is a significant increase 
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European descendent, Korean and Tunisian populations [128, 213, 231-233]. The left 
forest plot represents the meta-analysis of the five studies in Ulcerative colitis (UC); 
there was not heterogeneity between the studies measured by Breslow-day (BD) 
test=5.91, p value=0.205. The right forest plot represents the meta-analysis of the five 
studies in Crohn’s disease (CD) that exhibited heterogeneity BD=12.17, p value=0.016. 

 

IL2-IL21 & SSc 
 

Most of the genetic associations described for SSc have also been reported to play a role 

in the susceptibility to SLE [94]. For that reason we evaluated in SSc the highly 

significant associated SNPs of IL2-IL21 loci in SLE, that have been found using a fine 

mapping approach (Figure 8) [146]. Our study reported for the first time that the minor 

allele of the rs6822844 is associated with a decrease risk to SSc (Table 2) [215]. The 

location of the rs6822844 SNP together with the known immunologic role of the IL2 

and IL21 genes, suggest that this SNP could be implicated in the pathogenic 

mechanisms of the associated AIDs. There is no evidence that directly relates the 

rs6822844 variant with a dysregulation of any of these cytokines; nevertheless, in silico 

approach that have grouped the known genetic AIDs associated factors into 

immunologic pathways agree in highlight the T and B cells differentiation pathways, 

involving the IL2 and IL21 genes [5, 238].  IL2 is known to elicit T cell proliferation, 

survival and differentiation of effectors Th1 and Th2 cells [239]. Moreover, IL2 is 

implied in maintain peripheral T cell tolerance [239, 240]. On the other hand IL21 can 

induce the differentiation and activation of NK cells, promote NK T cell proliferation, 

cytokine release an effector function, and enhance the differentiation of Th17 cells 

[241]. B10 cells are a rare population of B cells that are able to express IL10 and to 

negatively regulate inflammation and AID in both mice and humans [242]. Interestingly, 

a recent reported showed that the negative regulation of AIDs severity by B10 cells 

requires IL21 [243]. Data from murine models showed that a haplotype of IL2 SNPs 

predisposes to organ-specific autoimmune disease by reducing IL2 production from 

antigen-specific T cells [148]. Other type of murine models where there is an IL21 and 

IL17 deregulated production can lead to either lupus-like disease or RA-like symptoms 

depending on the genetic background [244].       

 



Revisiting the genetic puzzle of autoimmune diseases 
 

113DISCUSSION 113

The minor allele of the rs6822844 IL2-IL21 variant exhibited a protective effect to SSc 

and lcSSc in our study (Table 2) [215]. The same effect direction has been observed in 

the previous associated AIDs with the IL2-IL21 polymorphisms or variants in high LD 

with it [134-146]. Although, the variant rs6822844 is also associated with SLE, the 

SNPs rs6835457 and rs907715 could explain the association of the IL2-IL21 region in 

this disease according with the logistic regression analysis performed by the authors of 

the fine mapping in SLE [146]. Our analysis reveals that rs6822844 could explain the 

association of the four studied SNPs in SSc [215]. It is important to highlight that LD 

between the SNPs rs6835457, rs907715 and rs6822844 is low (r2=0.33) in European 

descendent populations (Figure 8).   This suggested that into the same locus could be 

specific variants associated to each disease. We have mentioned such phenomenon in 

the introduction related to the MHC associations. Then the fact that different SNPs form 

the same locus associated with different phenotypes, mark the relevance of the locus in 

the mechanisms of the pathogenesis for that group of diseases. But this leaves the 

question about the specific role of the SNPs in the associated phenotype. The recent 

evidence suggests that the answer is not simple and probably is not either a single one. 

Beyond the classic discussion between the common-disease common-variant model 

[245] and common-diseases rare-variant model [246], there are new arguments based on 

evidence that support a causal role of the associated SNPs at the same time that other 

arguments support a marker-of-the-causal role of the associated SNPs. It is possible that 

the common variants, as the rs6822844 in IL2-IL21 locus related here, principally found 

in GWAS may be the result of synthetic associations. This means that the observed 

association arise from the sum of multiple low-frequency ungenotype markers, as it is 

the case for the NOD2 association signal from GWAS in CD that could be explain by 

three rare functional variants form the same locus [247]. Although the synthetic 

associations could explain some of the common variants associated to AIDs, the 

comparisons between GWAS and modest linkage studies have shown few overlapping 

of signals and this fact limited the field of action of the synthetic associations [248]. 

Most of the geneticists agree based on the evidence collected until now, that the 

associated SNPs are tags that reside in the proximity of the relevant functional genomics 

element [2, 5, 47, 248]. On the other hand, the non-coding associated SNP could be 

direct implicated in the mechanisms that affect the phenotype. For example, one of the 

alleles of a SNP highly associated with human skin, hair and eye colour was 

demonstrated to alter the DNA looping in that genomic region, in turn affecting the 
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European descendent populations that were evaluated in our study [215]. The scheme 
colour and the values show represent the r2 values. 

   

CD24 & IBD 
 

As we mention in the Introduction CD24 is related in the homeostasis of T cells, and is 

known that an imbalance of this equilibrium is related with develop of AIDs [152]. For 

that reason CD24 was a good candidate for genetic association studies in autoimmune 

pathologies. Two CD24 functional polymorphisms were described and associated with 

multiple sclerosis and SLE (Figure 9) [151, 161]. Our group evaluated both 

polymorphisms rs8734 and rs3838646 in RA, SLE and giant cell arteritis finding 

significant associations [158-160]. These observations together with the immunologic 

role of CD24 make us think that we could be studding a good genetic risk factors 

common for AIDs and we decided to evaluate the association of both variants in a 

modest Spanish IBD cohort [212].  We observed for the first time a differential result 

related with UC and CD. There was a significant association between the rs3838646 

and CD but not with UC. Moreover the association indicated a risk effect of the minor 

allele of the rs3838646 to CD, in opposition to the decreased risk observed in multiple 

sclerosis and SLE. To this point of our discussion that observation is not surprising 

because it is in line with the associations of the studied variants of STAT4 and PTPN22 

in IBD. The relevance of CD24 in CD is discussed in our manuscript, now we want to 

comment a particularity about CD24 gene sequence and the mentioned variants. We 

checked through an alignment and using human build 37 genome database, which 

fragment of the human genome the primers used would amplify. The primers presented 

an identity of 99% with the region of the chromosomes 6 and Y that contain the gene 

and pseudogene of CD24, respectively. For that reason we included only females in our 

study, ensuring that the region amplified correspond to the chromosome six. At that 

time both SNPs in the NCBI were referenced in the chromosome 6. But now,  there is a 

missing annotation of the reference assembly on NCBI's build 37.3 because of a gap in 

the region of the CD24 that was initially located in 6q21 [153]; and until now, there is 

not information available for the sequence of CD24 in this region from the 1000 

Genomes Project [97]. That explains in part why the information related to these 

polymorphisms in AIDs came from CGAS but not from GWAS. Since the CD24 gene 

is part of a segmental duplication, special care is required for the identification and 
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European descendent populations but it is not polymorphic in Asian and African 

descendent populations. Although, there is around 10% of variation of the minor allele 

frequencies of three BAK1 polymorphisms between Latino and European descendent 

populations, the rs513349, rs561276 and rs5745582 SNPs are polymorphic in both 

populations [97]. Then the difference could be attributed to variation in the LD structure 

between both studied descendent groups so the genetic markers from the BAK1 gene are 

different for Latino and European groups.  As we detailed for the STAT4 gene other 

kind of evidence, like murine models and measures of the expression levels of the genes 

in AIDs patients and healthy donors, indicate that these genes have a role in the 

pathogenic mechanisms but the polymorphisms studied are not the same between 

different populations. These remark one of the intriguing features of genetics in AIDs, 

the difference among different racial origins. 

There is no evidence from GWAS that polymorphisms from the BAK1 gene are 

associated with AIDs [96, 97]. It is prossible that the rs513349, rs561276 and 

rs5745582 SNPs from this locus have a small effect in AIDs and to be detected is 

required a bigger sample size than the used in our study, as we have showed for the 

rs2476601 PTPN22 variant in SSc. The differences in the results observed between 

Latino and European association studies of BAK1 polymorphisms in AIDs could be 

explained also by difference in the predominant subphenotypes from each cohort. The 

BAK1 variants could influence a specific manifestation of AIDs that could be better 

represented in the Latino cohort than in our Spanish population studied. Interestingly, 

genetic variants from the BAK1 gene have been consistently associated in GWAS with 

haematological trait variation in different populations and among the associated SNPs is 

the rs5745582, one of the associated variants in AIDs in the Latin American population 

[252-255]. The association of the BAK1 polymorphisms is specifically with the count of 

platelets, and there is evidence that showed the relevance of BAK family genes in the 

control of platelet survival and life span [256]. Moreover it is known that hematologic 

disorders are important manifestation in AIDs; the platelets levels are related with the 

disease activity in RA and SLE [257, 258]. Together these suggested that the effect of 

the BAK1 genetic variants could be related with a very specific hematologic 

subphenotype of RA and SLE, and difference in the frequency of patients that suffer 

such clinical manifestations between the studied cohorts could lead the difference in the 
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in the position 28 of the protein (L[Leu]/F[Phe]). In the other hand, the rs9976767 
[A/G] is an intronic variant located between the exons 5 and 6 of the UBASH3a gene.  
Both variants rs13048049 [G/A] and rs17114930 [C/G] are non-synonymous changes in 
exons 7 and 11, respectively. The first one produce a change from arginine (R[Arg]) to 
glutamine (Q[Gln]) in position 286; while the rs17114930 polymorphism generates a 
change  from aspartic acid (D[Asp]) to glutamic acid (E[Glu]) in position 428 in 
Caucasian population. 

Opposite to the hypothesis that the non-synonymous UBASH3a variants could be 

strongly associated with SLE, we could highlight that the intronic rs9976767 SNP better 

explains the association signal form the studied SNPs. This is in line with one of the key 

results from the study of the genetic of human traits; approximately 40% of the trait-

associated SNPs are located in intergenic regions, and another 40% fall in non-coding 

introns. The other 20% of the associated genetic variants occurred in, or are in tight LD 

with, protein-coding regions of genes [260]. Indeed the most surprising finding of the 

sequencing of the human genome is that the majority of functional sequence does not 

encode proteins. Protein-coding sequences, which comprise only ~1.5% of the genome, 

are thus dwarfed by functional conserved non-coding elements (CNEs) [9-11]. The 

association of UBASH3a genetic variants with SLE, type 1 diabetes and other AIDs 

points out that many common genetic association signals in AIDs have been revealed. 

But because we are in the beginning of the understanding of the function of the human 

genome the genetic associations with AIDs are like red flags in specific points of a huge 

field that show us where we should start to look for the treasures.  
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Figure 12.  Expression quantitative trait loci (eQTL) and UBASH3a. Results 
observed using different eQTL tools to evaluate if there is any relationship between the 
rs9976767 variant and the UBASH3a expression (A) SNP-gene association plot for the 
rs9976767 and the UBASH3a gene based on Spearman’s rank correlation coefficient 
(rho) using the Genevar 3.2 software [261]. The eQTL analysis was performed in 
lymphoblastoid cell lines from peripheral blood sample (n= 74). The plot corresponds to 
one of the two twins groups studied [262].   (B) Linkage disequilibrium (LD) plot 
performed in Haploview 4.2 [263]. LD plot between rs9976767 and the rs9784215, 
rs3746923, rs2277797 SNPs which exhibited the highest LOD score (LOD>4.5, P<1E-
05) in the UBAHS3a locus showed in (C) Snapshot of observed eQTLs related with 
UBASH3a gene from the mRNA by SNP Browser 1.0.1 software based on eQTL studies 
in asthma [264, 265]. The LOD scores and P values for those SNPs are: rs9784215, 
LOD=4.909 P=2E-06; rs3746923, LOD=4.905 P=2E-06; rs2277797, LOD=4.68 
P=3.4E-06. They are signalled as red dots in the LOD plot. 

 

From the SNPs to the Immunologic pathways 
 

The most important contribution of the genetic association studies for the AIDs 

etiopathogenesis is to highlight possible involved immunologic pathways,  based on the 

genetic association signals [5]. In turn we can cluster the results of this Thesis into i) 

AIDs associated SNPs of genes involved in T and B cell differentiation signalling: the 

rs7574865 STAT4, the rs6822844 IL2-IL21 and the rs3838646 CD24 polymorphisms. ii) 



Revisiting the genetic puzzle of autoimmune diseases 
 

122DISCUSSION 122

AIDs associated genetic variants of genes involved in immune cell signalling: the 

rs2476601 and rs33996649 PTPN22 variants and iii) AIDs associated polymorphisms of 

genes involved in immune-cell homeostasis: the rs9976767 UBASH3a SNP. However, 

how could this evidence be functional linked with the appearance of an AID or other; 

for example, the diseases concerning this Thesis RA, SLE, SSc, UC or CD? This is a 

question which answer could be driven by different hypothesis but still need to be 

solved. One of these hypotheses is the quantitative thresholds for immune-cell 

signalling [2, 4, 266]. The autoimmunity is a normal process in the body that is kept in 

check by a variety of mechanisms, many of which appear to be altered by genetic loci 

such STAT4, IL2-IL21, CD24, PTPN22 and UBAHS3a. The self-reactivity of the 

immune system is controlled by cell-signal events that are normally regulated within a 

range of potency that may vary among persons and cell types, due to the genetic and 

environmental variability and the interaction between them (epigenetics).  This has been 

group in the concept of quantitative thresholds for immune regulation, which means that 

the immune regulation and reactivity is a trait that exists on a continuum and is set by 

thresholds for cell activation and reaction [2, 266].  The threshold liability can take any 

shape, determinated by multiple variable factors, among them the cumulative content of 

disease susceptibility that an individual inherit (Figure 13) [4].  
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modifications include DNA methylation, histone modifications and nucleosome 

positioning [32]. There are loci harbouring genetic variants that influence methylation 

state [268, 269], representing a link between the associated variants and their influence 

of the regulation of immune related genes expression. Studies of epigenetics and AIDs 

have shown interesting results of this relation [32, 270, 271]. For example, studies on 

discordant MZ twins for SLE showed widespread changes in the DNA methylation 

status of a significant number of genes [270]. T cells from patients with SLE or RA, as 

well as synovial fibroblasts from individuals with RA, have a lower content of 

5‑methylcytosine than their healthy equivalents. That means an overexpression of 

methylation-regulated genes, implying T cell autoreactivity leading also anti-dsDNA 

antibody production (reviewed in [32]). Studies in AIDs that integrate the information 

from candidate gene association studies, GWAs and environmental epidemiologic 

studies with epigenome-wide association studies could give light on the connexion 

between the associated SNPs and their role in immune mechanisms. 

  

What is common and different between these autoimmune diseases? 
 

This question could be partially answered along with the background and results of this 

Thesis. Using a global view, the immunological mechanisms underlying AIDs overlap 

between them and other inflammatory diseases [5]. The overlapping is beyond the 

genetic component because environmental factors such infections; crystalline silica and 

smoking are susceptibility factors for more than one AID [15]. These tree vectors: 

immunologic mechanisms underlying by genetic component and activated by 

environmental factors have the phenotypic reflexion in similar clinical manifestations 

and similar response to the same treatments [44]. Using a microscopic view, the details 

of the same immunologic mechanisms seem to be driven in different directions in each 

disease compare to the other. Refinements of the genetic associations identify specific 

SNPs and genes with opposite risk profile that can cluster the AIDs in subgroups [219]. 

Moreover, when the genetic polymorphisms are evaluated in subgroups of patients with 

better define phenotype, specifically with the presence or absence of autoantibodies; the 

risk to develop that subphenotype increase [82].  The same environmental factor can 

also have opposite risk profile in different diseases (for example, UV protects against 

multiple sclerosis but affects the severity of SLE). Then, the phenotypic reflexions of 
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the microscopic view are presence of different autoantibodies, affectation of different 

tissues and organs and patients that do not respond to the treatments.  

Finally, it is important to remember the main goals of the study of the genetic 

component of AIDs. They can be group in two [12]: The primary goal is to transform 

the treatment of common diseases through an understanding of the underlying 

molecular pathways; which can lead to therapies with broad utility. The secondary goal 

consists to provide patients with personalized risk prediction. Although the partial risk 

prediction seems to be feasible and medically useful in some cases in the future, there 

are expected to be basic limits on precise prediction due to the complex architecture of 

common traits; common variants with tiny effect, rare variants that cannot be fully 

enumerated, complex epistatic interactions, environmental factors, as well as the 

complex to be discover from the regulations systems of the human genome. 
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FURTHER DIRECTIONS 
 

To think about the next steps to unravel the complete inherited component of AIDs 

requires stop and evaluate what we have done until now. Data from genetic association 

studies in AIDs have led and are providing a catalogue of polymorphisms related with 

these diseases. We have contributed to the expansion of this catalogue through this 

Thesis, with new data about common genetic component among AIDs. From these 

premises different questions could be made, such:  Is the catalogue of the genetic 

variants associated with AIDs complete? And what is the role of the associated 

polymorphisms in the etiopathogenesis of these phenotypes? The questions are simple 

and barely the same from the beginning of the study of this field. However, the answers 

have become increasingly complex and remain a work in progress.  

The answer for the first question is obvious, around 80% of the AIDs genetic 

background remains to be discovered [8]. The fulfilment of it requires to move to the 

next level of complexity that are strictly related with our understanding of the function 

of the human genome [7, 12, 84, 272]. Also, it is necessary to improve the genetic 

association studies with different strategies that are starting to be implemented, among 

them: 

1. The replication and meta-analysis of polymorphisms that have been suggested as 

genetic factors for AIDs mainly in European descendent groups, in the same and 

different populations. This will help to refine the associations for specific loci, 

identify difference between populations, and give insight about the causative 

variant(s). This should be combine with gene-based approach and pathway-

based analysis  [273]. 

2. The evaluation of known associated polymorphisms with some AIDs in those 

diseases no previously studied, as we implemented in this thesis is helping to 

described specific characteristics of the polymorphisms associated with each 

disease, to find new associations, to understand better the similarities and 

differences of the AIDs genetic background. The principle of this strategy is the 

base of pan-meta-analysis, which is the combination of GWAS of different AIDs 

[86-89].  
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3. The analysis of specific subphenotypes of the diseases, grouped by measurable 

variables such the presence of autoantibodies or the response to the treatment is 

helping to find stronger associations. In the future, these will be combine with 

other factors (for example, environmental) to generate prediction models and 

better treatments of the diseases [82, 274]. 

4. The interaction between different associated variants and also with 

environmental factors is one of the areas where the stronger effects of 

susceptibility to AIDs could be, as like as the relationship between the 

polymorphisms associated and the functional role of them or the loci where they 

reside [275]. 

5. The sequencing of the AIDs associated loci in large sample size groups will help 

to identify causal variant(s), to reveal bigger effects of rare variants, small 

effects of common variants and the combination of them probably could be 

another important part of the missing heritability. Indeed, recent studies argue 

that the missing heritability of common AIDs could be a result of many common 

variant loci with weak effect [276, 277].   

6. The integration of the information from candidate gene association studies, 

GWAs and environmental epidemiologic studies with epigenome-wide 

association studies are also an important way to understand the interaction 

between the different variables of the complex aetiology of AIDs [32]. 

 

The answer to the question about the functional role of the AIDs associated variants is 

even more incomplete than the number of associated variants itself.  As mentioned 

before, most of the associated variants to AIDs reside in intronic or intergenic regions. 

The interpretation of the molecular mechanisms of disease-associated loci can be a great 

challenge; given the diversity of noncoding functions, the incomplete annotation of 

regulatory elements and the potential existence of unknown mechanisms of regulatory 

control in the human genome. Nevertheless, some mechanisms through which 

noncoding variants influence human diseases has been proposed [272]. For example, 

splicing mechanisms can be altered by polymorphisms located in intronic regions. 

These alterations include aberrant inclusion of introns, skip of exons or an imbalance of 

the expression of different isoforms of a gene. Studies in AIDs of alternative splicing 

have shown the first insights [278, 279]. In fact, preliminary results from one of our 



Revisiting the genetic puzzle of autoimmune diseases 
 

128FURTHER DIRECTIONS 128

ongoing projects, indicate that there is a differential expression of isoforms of two genes 

in the chromosome X among SSc, RA patients and healthy donors; moreover it seems to 

be a relation between the expression of the isoforms and a previous AIDs associated 

polymorphism [67]. The study of noncoding variants mechanisms on human diseases 

partially relies on the systematic annotation of regulatory regions. In answer to this 

necessity, a joint of international efforts is working in the ENCODE consortium that is 

developing a comprehensive annotation of the noncoding genome [280]. This area 

should be part of our coming work. 
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CONCLUSIONS 
 

1. Our data suggest that the minor allele of the PTPN22 functional variant R620W 

(rs2476601) confers a moderate risk to SSc and the ACA positive subphenotype 

in European descendent populations. On the other hand, the rare and functional 

R263Q SNP (rs33996649), previously associated with RA and SLE, does not 

have a significant effect in SSc in our study. 

 

2. According with our observations, there is a differential effect of these PTPN22 

variants in the two main subtypes of IBD: 

 
2.1. The minor allele of the R620W polymorphism exerts a protective effect 

against CD, while does not have effect in UC in European descendent 

populations. 

2.2. On the other hand, the minor allele of the R263Q SNP seems to confer risk 

to UC while is not significant associated with CD. 

 
3. A similar differential association is observed with the rs7574865 polymorphism 

of the STAT4 gene in both subphenotypes of IBD in our study. The minor allele 

seems to be a risk factor to UC, while is not significantly associated with CD.  

 
4. Another observation from our investigation suggests, once again, a differential 

effect between CD and UC: the minor allele of the rs3838646 CD24 variant is a 

risk factor for CD, but it does not show a significant effect on UC. Although 

functional evidence supports a role of CD24 in UC, the association studies on 

this variant should be taken with caution due to the segmental duplication of this 

gene in the human genome. 

 
5. Our results indicate for the first time that the minor allele of the rs6822844 

polymorphism, located in the IL2-IL21 locus, is a protective factor for SSc and 

the lcSSc subphenotype in European descendent populations.  

 

6. The three studied polymorphisms of the BAK1 gene (rs513349, rs561276 and 

rs5745582), formerly related with Sjögren syndrome, RA and SLE in the 
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Colombian population, are not significantly associated with SLE or RA in the 

Spanish population, according to our study. This fact highlights the 

heterogeneity across different descendant populations in the AIDs genetic basis.  

 
7. We report for the first time that the minor allele of the rs9976767 intronic variant 

of the UBASH3a gene may represent a risk factor for SLE in populations of 

European ancestry, pointing the ubiquitination as an important mechanism 

contributing to the development of AIDs.  

 

8. Taken together, our results support a shared genetic background among different 

AIDs. Therefore, the study of genetic polymorphisms known to be susceptibility 

factors of a particular AID, it may represent a good approach to unravel part of 

the missing heritability of related immune conditions.   
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