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RESUMEN

Actualmente hay mas 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 poblacion general. La mayoria de estas enfermedades son cronicas e incurables,
con frecuencia llevan a una discapacidad sustancial y, muchas generan complicaciones
que amenazan la vida. Las AIDs constituyen un problema de salud publica que ademas
de causar un sufrimiento individual importante, tienen un alto costo social [1]. Estas
patologias se caracterizan por el desarrollo de una respuesta inmune por parte del
huésped en contra de sus propias células y tejidos. Aunque su etiologia no se conoce
completamente, se debe a una compleja interaccion entre factores genéticos y
ambientales [2-5]. Los avances tecnologicos y esfuerzos de cooperacion internacional
han permitido aumentar la comprension de los factores genéticos implicados en las
AlDs; sin embargo, se estima que Unicamente 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 pasion es tratar de entender y contribuir al conocimiento de ese 80% del
componente genético de las AIDs que esta aun por descubrir. Hay diferentes maneras de
alcanzar dicho objetivo y una de ellas se aplica en esta Tesis: el estudio del componente

genético comun de las AIDs.

Hoy por hoy, el estudio del componente genético de las AIDs estd basado en la
secuenciacion del genoma humano, publicado por primera vez hace mas de una década
[9-11]. Este avance ha proporcionado los pilares donde ensamblar la informacion sobre
estructuras y funciones biologicas; como la variacion genética, la distancia de
recombinacion, el desequilibrio de ligamiento y su relacion con enfermedades
hereditarias, entre otros. La secuenciacion del genoma humano ha proporcionado
asimismo, un entorno para conectar modelos de la biologia de los sistemas con la
fisiologia de los seres humanos; asi como también un amplio catalogo de informacion
genomica. A raiz de la secuenciacion del genoma humano, nuestro trabajo tiene una
plataforma de aproximacion sistematica para descubrir variaciones genéticas que
subyacen en las enfermedades humanas. La identificacion de los factores de
susceptibilidad genética funciona como una brajula y un mapa que indican el camino

para descubrir rutas celulares y mecanismos fisiopatologicos de las AIDs. Esta
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aproximacion sistematica ha dado como resultado la identificacion de cientos de loci
asociados con una o mas AIDs [2, 12]. Se ha demostrado que cerca de la mitad (44%)
de los loci identificados mediante estudios de asociacion 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]. Basandonos en este tipo de
evidencia, evaluamos polimorfismos genéticos que habian 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 estan
localizados en los loci PTPN22, STAT4, 1L2-1L21, CD24, BAK1 y UBASH3a. Por la
metodologia empleada y los hallazgos encontrados, esta Tesis representa una

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

Hemos demostrado por primera vez, la relacion de algunas de estas variantes genéticas
en patologias de origen autoinmune en las que no habian sido descritas previamente,
tales como asociaciones de polimorfismos genéticos en los genes PTPN22 y CD24 con
IBD, IL2-1L21 con SSc y UBASH3a con SLE. Ademas, hemos confirmado mediante
estudios de replicacion y meta-analisis observaciones interesantes, como el efecto
protector del polimorfismo de nucledtido 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
asociacion de la variante genética rs7574865 del gen STAT4 con colitis ulcerosa (el otro
subtipo mas frecuente de IBD). Aparte de las conclusiones especificas obtenidas de
nuestros resultados, también observamos algunas caracteristicas 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
proteccion a otro grupo de patologias de origen autoinmune. ii) La fuerza del efecto de
un factor genético asociado a varias AIDs varia para cada enfermedad, siendo mas
fuerte para algunas patologias y menor o mas leve para otras. ii1) Pueden existir varios
polimorfismos asociados dentro de un mismo loci de susceptibilidad a AIDs y parecen
ser especificos para cada enfermedad. iv) La asociacion significativa de una variante

genética con una patologia de origen autoinmune funciona como una baliza que sefiala



Resuven  IEHENE

Revisiting the genetic puzzle of autoimmune diseases

las posibles implicaciones del gen o los genes localizados en, o cerca de, los loci donde
se encuentra la variaciéon genética, pero no determina la implicacion funcional del
mismo o de los genes alli localizados. v) Los SNPs asociados con AIDs parecen ser
diferentes en las distintas poblaciones humanas. vi) No es sorprendente que la mayoria
de los polimorfismos genéticos asociados comunmente a AIDs estan localizados en

regiones intronicas o intergénicas del genoma humano.

Los loci asociados de manera comtin a diferentes AIDs remarcan rutas inmunologicas
implicadas en la etiopatogénesis de estas enfermedades y nos indican un punto de
partida para estudiar sus mecanismos especificos. 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 esta estrechamente ligado a nuestro

avance en la comprension 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, STATA4, I1L2-1L21, 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

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 (A) 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 A 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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programming due to the environmental exposures as the fundament for susceptibility to

AlDs [30, 31]. Although these three theoretical criterions to identify AIDs seem to be

obvious, their application is not straightforward. We know clearly that the AIDs

aetiology is based on a complex interaction between the genetic component of the

individuals and their environment; and that the individual effects of these genetic

and environmental factors are moderate, increasing the risk by 10-50% (Figure 1).
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Figure 1. AIDs aetiology is based on a complex interaction between the genetic
component of the individuals and their environment. (A) Multilocus genetic variants
are associated with higher risk to develop a variety of AIDs [2, 5]. Epigenetic
mechanism regulates gene expression and are sensible to external stimuli; connecting
genetic with environmental factors. Epigenetic modifications include DNA methylation,
histone modifications and nucleosome positioning. There is evidence that have related
epigenetic process with AIDs. For example, T cells from AIDs patients have an
overexpression of methylation-regulated genes, implying T cell autoreactivity [32]. (B)
Epidemiologic and experimental evidence have shown that, chemical factors such
smoking or exposure to crystalline silica; physical factors, such sunlight and biologic
agents, such as viruses, bacteria or parasites infection-causing are important trigger of
AlIDs [15]. Most AIDs are more prevalent in women than in men. Different lines of
evidence have suggested some factors that are the basis of the gender bias in AIDs [33,
34]. Usually, women have a stronger humoral and cellular immune response compared
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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.



Revisiting the genetic puzzle of autoimmune diseases INTRODUCTION

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
MECP?2 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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evidence suggest relation of this phenomenon with RA but not with SLE [71-74].
Despite of the described evidence, gender bias is still one of the many puzzling features

in AIDs.
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Figure 2. Representation of the possible factors involved in the gender bias of
AIDs. Different lines of evidence have suggested some factors that are the basis of the
gender bias in AIDs. Such a sexual hormones, sexual chromosomes, skewed of X
chromosome inactivation and fetal and maternal microchimerism in pregnancy.
Copyright © Quintero 2012 et al.[34]
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Genetic factors in autoimmune diseases

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 TagMan® 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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Figure 3. Principal strategies apply in the study of the genetic component of AIDs.
The base of both candidate gene association studies and genome wide association
studies is the same, the comparison of the allele frequency of the studied polymorphism
between individuals with the diseases and healthy donors. In the candidate genes
association studies predetermine genetic variants are study. They are selected using
previous observations such positional signals obtain from family-based linkage studies,
functional implications of the genes and/or evidence of previous associations with
related diseases. By contrast, the GWAS are hypothesis free because multiple genetic
variants can be screen all along the human genome simultaneously. This is based on the
long haplotype structure of the human genome due to the LD that has been
systematically characterized by the HapMap project [76]. After the determination of the
higher significant signals a replication in independent case-control groups is performed
to refine the associated variants.
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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]: 1) 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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associations. iv) The MHC associated alleles for the same AIDs vary across the
populations, due to difference in the haplotypic structure between human populations.
Likewise most of the genetic association studies, the MHC related ones have been
performed mainly in Caucasian populations. It is necessary that a more comprehensive
approach to the study of the MHC in AIDs is undertaken in huge sample size from
different populations. Also it is necessary, the identification of the causal alleles
distinguishing the clade associated with each disease by means of use dense SNP

genotyping and by direct re-sequencing of the corresponding locus.
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Figure 4. Genetic variants in the MHC associate to several AIDs. The main genetic
region linked to AIDs is the MHC. 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, that contains genes such as HLA-A, -B, -C; class II,
where the genes HLA-DP, -DQ, -DR are located and class III, where non-antigen
processing and presentation genes are situated. This plot represents the GWAS level
association signals reported until August of 2011 for divers AIDs [85]. Most of the
signals are located in the class II followed by the class I, highlighting the previous
associations described through different methodologies including case control
association studies between HLA molecules and AIDs. The plot also shows how the
related signals are specific for each AID.
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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 KIAAO319L 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 { 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®) [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 1s33996649 (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

0f 1s33996649 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 (Thl) and T-helper type 17 (Thl7)
differentiation, monocytes activation, and interferon- y (IFN- y) 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 Sjégren’s syndrome [125, 126]
and 1cSSc [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 (IL2-1L21)

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
1s2221903) 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 IL2-1L21 locus (~480kb) contains also the genes KIAAA1109 and
ADADL1. 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 (GenelD 100133941) is located
in the locus 6g21, 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 Sjégren’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.

. ~og ) ) Ancestry
Abbrevia- . . Auto Monozygotic  9i2¥894C(DZ) g0, with Women: men  Environmental risk Reference of
Phenotype Main affection (M2) twins twins . . ok clinical criteria of
tion antibodies d concordance h'gher ratio factors classification
concordance prevalence
Smoking, crystalline
Native silica, pesticides,
Rheumatoid Synovial inflammation and . hairdressing chemicals,
2 RA Y . RF, ACPA 15-30 5  American 3:1 8¢ [182]
arthritis hyperplasia. . UVB (protective),
Indians .
parvovirus B19,
Epstein-Barr virus
ANAs, anti-
. Systemic affection, characterized dsDNA, anti- Crystalline silica,
Systemic . . . .. . .
Luous by production of antinuclear Sm, anti-U1l Afro pesticides, nail polish,
Er thepmatos SLE autoantibodies, immune-complex RNP, anti- 24 2 descendants 9:1 sun light, parvovirus [183]
v us deposition, and subsequent organ Ro/SSA, anti- B19, Epstein-Barr virus,
damage. La/SSB, anti- hepatitis B virus
NMDA
Affection of the connective tissue; Choctaw Crystalllhe silica,
. . . . occupational exposure
Systemic involved first vascular alterations ACA ATA Native t0 solvents
v . SSc  and extensive fibrosis and ! ! 4.2 5.6 Americans 3:1-8:1 . [184, 185]
Sclerosis . ) . ARA (trichloroethylene),
autoantibodies against various and Afro . .
. Helicobacter pylori
cellular antigens. descendants

infection
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Chronic relapsing inflammatory
disorders of the gastrointestinal

Chron's tract. The affection is presented in EUEE e eI, ISR
. CcD ) . p -- 50 0-3.8 North 1:1 (complex interaction [186]
disease** a non-continuous fashion; most . )
. America with the host)
commonly the terminal ileum or
the perianal region is involved.
Chronic relapsing inflar'nmatf)ry Sinelii (e
Ulcerative disorders of the gastrointestinal Europe and microflora (complex
. UC  tract. The inflammation is limited = 20 0-4.5  North 11 . . P [186]
colitis . . . . interaction with the
to colon and its manifested in a America

. . host
continuous fashion. )

*The main subtypes of systemic sclerosis are limited cutaneous scleroderma (IcSSc) 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 19"-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 Ul component of the small nuclear
ribonucleoproteins (anti-Ul 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 A 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 A 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
AlIDs 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: 1) 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 (1cSSc) 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 1cSSc
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
A of 3.5 [200]. Interesting, SSc probands with ACA and IcSSc 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
AlDs, 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:

e To re-evaluate the influence of the rs2476601 PTPN22 polymorphism in SSc
and IBD in Caucasian populations.

e To determine whether the novel functional rs33996649 PTPN22 variant was
associated with SSc and IBD in Caucasian populations.

e To re-evaluate the association of the rs7574865 STAT4 polymorphisms with IBD
in Spanish population.

e To study for the first time the influence in SSc of the previous associated IL2-
IL21 locus polymorphisms.

e To determine whether genetic variants of the UBASH3a gene were associated
with SLE in Caucasian populations.

e To find out if two polymorphisms (rs8734 and rs3838646) of CD24 gene
influence the susceptibility to IBD in a Spanish population.

e 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.




PUBLICATIONS S

Revisiting the genetic puzzle of autoimmune diseases

PUBLICATIONS

Analysis of the influence of PTPN22 gene
polymorphisms in systemic sclerosis. Annals of

Rheumatic Diseases, 2011



faure 1) are
published online only To view
these articles pleass visit the
Journial ondine (hitp ffard o)
com)

For numbered affiliations see
end of article

Correspondence to

Dr Elanca Rueda, Insttuto de

y Bomedicina

', Consejn
delnvestigaciones
que Tecnaldgico
4 Salud, Avenida
miento &M,

Granada, Span,
blarumea@ugr es

Parasitolo

18100-Arr

Accepted 3 October 2010
ched Onlne First
iner 2010

454

Revisiting the genetic puzzle of autoimmune diseases

pustications |G

Downloaded from ard.bmj.com on February 25, 2013 - Published by group.bmj.com

Extended report

Analysis of the influence of PTPN22 gene
polymorphisms in systemic sclerosis
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ABSTRACT

Objective Two functional single nuclectide
polymaorphisms {SNF) in the PTPNZZ gene (1524 146601
and rs33996649) have been associated with
autcimmunity. The aim of this study was to investigate
the role of the RZ630 SNP for the first time and to
re-evaluate the role of the REZ0W SNP in the genetic
predisposition to systemic sclerosis (SSc) susceptibility
and clinical phenotypes.

Methods 2477 55c patients (2020 with limited
cutaneous 55¢ and 1708 with diffuse cutaneous SSc)
and 3638 healthy controls of Caucasian ancestry from
an initial case--control set of Spain and seven additional
independent replication cohorts were included in

our study. Both rs33996649 and rs24 J6E01 PTPNZZ
polymarphisms were genotyped by TaghMan allelic
discrimination assay. A meta-analysis was performed to
test the overall effect of these AIAVZ? polymaorphisms
in SSe.

Results The meta-analysis revealed evidence

of association of the rs24 76601 T allele with S5¢
SUSCEPHLIILY P s =0.03 pooled, OR 1.15, 95%
C11.03 to 1.78). In addition, the rs24 /6601 T allele was
significantly associated with anticentromere-positive
S1atUS {Pypg o= 0-02 pooted, OR 1.22, 85% C1 1.05 to
1.42). Although the rs33996649 A allele was significantly
associated with S5¢ in the Spanish population

(Dot srecreg=0.04, OR 0.58, 95% C1 0.36 10 0.97), this
association was not confirmed in the meta-analysis
{p="0.36 pooled, OR 0.89, 95% C10.72 10 1.1).
Conclusion The study suggests that the PTANZ2
RBZ0W polymorphism influences SS¢ genetic
susceptibility but the novel RZ630) genetic variant does
not. These data strengthen evidence: that the RE2Z0W
mutation is a commaon risk factor in autoimmune
diseases.

Systemic sclerosis (55¢) is a complex disease with
an autoimmune ongin in which extensive fibro
sis, vascular alterations and autoantibodies against
vatious cellular antigens are among the principal
features.” There are two major subgroups in the
actual classification of $5¢: limited cutaneous (leS5c)
and diffuse cutaneous (dcSSc).? In 1c5Se, fibrosis
is mainly restricted to the hands, arms and face.

Anticentromere antibodies (ACA) occur in S0-90%
of 1c55c patients. Conversely, deSSc is a rapidly
progressing disorder that affects a large area of
skin and compromises one or more internal organs.
Antitopoisomerase | antibodies (ATA) are more fre
quently associated with this form of 55¢.12

S5¢ occurs in genetically predisposed individu-
als who have encountered specific environmental
factors and/or other stochastic factors.'® Similar to
other autoimmune disorders, the most consistent
and reproducible genetic association with S5¢ cor
responds to the major histocompatibility complex.?
Genes encoding molecules involved in immune
function have also recently been associated with
susceptibility to SS¢, such as IRFS, STAT4 genes and
the Cforfr3-BLE region*? In spite of these find
ings, the complete genetic background of 5S¢, the
nature of its genetic determinants and how they
contribute to SSc susceptibility and clinical mani-
festations are still poorly understood.! #

The protein tyrosine phosphatase non-receptor
22 (PTPN2Z) gene encodes the protein tyrosine
phosphatase  lymphoid  tyrosine phosphatase,
which is a critical gatekeeper of T-cell receptor
(TCR) signalling. In T cells, lymphoid tyrosine
phosphatase potently inhibits signalling through
dephosphorylation of several substrates, includ-
ing the Sre family kinases Lek and Fyn, as well as
ZAP-T0 and TCRzera ™12 Interestingly, FTFN22
has emerged as an imponant genetic risk factor
for human autoimmunity, In particular, two mis
sense single nucleotide paolymorphisms (SNF)
are associated with autoimmune disorders. The
RE20W (C1858T, rs2476601) polymorphism in
PTENzZ exon 14 was first associated with type
1 diabetes'® and subsequently with other auto-
immune disorders such as rtheumatoid arthritis
(RA) 15 and systemic lupus erythematosus (SLE)'
and others (reviewed in Lee et 4l)."” Interestingly,
the role of the R620W polymorphism in 55¢ has
also been investigated and shows a trend of asso
ciation.’™ ! Another polymorphism in PTPN22
that is associated with autcimmunity is R2630)
(G788A; rs33996649) in exon 10, which alters an
amino acid in the catalytic domain of the enzyme,
The R263C polymorphism is a protective factor to

Ann Fheym O 201170454462 doi 10 1136%4rd 2010130138
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SLE.* Both polymorphisms seem to have functional relevance
in the immune response. ' %%

In this study, we evaluated the role of the FTFN22 R2Z630
palymorphism in S5c for the first time and re-evaluated the influ-
ence of the R620W polymorphism in the genetic background of
S5¢ and its clinical phenotypes.

MATERIALS AND METHODS

Patients

A total of 3422 S5¢ patients and 3638 controls was included in
this study. First, we analysed an initial case-control set of 636 55¢
patients (370 with lcSSc and 182 with dc55c) and 1128 healthy
controls of Spanish Cavcasian ancestry. In addition, seven inde-
pendent replication cohorts were analysed (Belgium 120 1eS5c,
58 deS55¢ and 256 controls; England 344 lc55¢, 128 de55c and
373 controls; Germany 164 1e5S¢, 128 deSSc and 288 controls;
Italy 292 1cSS5¢, 115 deS5¢ and 371 controls; The Netherlands
131 lc55¢, 41 deS5c and 277 controls; USA 607 1cS5¢, 388 deS5c
and 693 controls: and Sweden 270 1eS5¢, 191 deSSe and 280
contrals).

All of the patients fulfilled the 1980 Amercan College of
Rheumatology (ACR) classification criteria for $5¢.% In addi-
tion, patients were classified as having limited or diffuse SSc.
When patients with 55¢ have cutaneous involvemnent distal to
the elbows and knees, they fulfil definitions for limited sclero-
derma.’ Those S$5¢ patients with cutaneous changes proximal
to the elbows and knees were classified as having diffuse $5¢.%
In addition, the following clinical data were collected to ascer-
tain the clinical 5S¢ phenotype: age, gender, disease duration,
the presence of SSc-specific autoantibodies and the presence
of ACA and ATA (anti-Scl70). The methods used to determine
the autoantibodies were the same in all contribution centres
and have been described previously.™ Lung involvement was
assessed according to intemational guidelines.” Pulmonary
fibrosis was assessed by a CT scan, Restrictive syndrome and
diffusion capacity of the lungs was defined as a forced vital
capacity of less than 75% of the predicted value and a diffu-
sion capacity for carbon monoxide of less than 75% of the pre-
dicted value (based on age, sex, height and ethnic origin). All of
the populations studied and their recruitin§ centres have been
reported and described previously:® # ¥ 2° % The main clinical
features of the 55¢ patients from all of the analysed case sets are
summatised in table 1.

Clinical records about the co-occurrence of other autoim-
mune disorders in SS¢ patients were not available for all study
cohorts. Therefore, to follow a homogeneous inclusion criteria
in all case-control sets patients having a concornitant autoim-
mune condition were not excluded from the analyses. The
control population consisted of unrelated, healthy individuals
recruited in the same geographical region as the 55¢ patients and

was matched by age, sex and ethnicity with the 55c patients
groups, The study was approved by the local ethical commit-
tees from all of the participating centres, and written informed
consent was obtained from both patients and controls,

PTPN22 genotyping
DNA from patients and controls was obtained using standard
methods. Samples were genotyped for the rs33996649 PTFN22
polymorphism using TagMan 57 allelic discrimination assay
technology, designed by Custom TagMan SNP Genotyping
Assays (Applied Biosystems, Foster City, Califomia, USA). The
2476601 FTPNZ2 polymorphism was genotyped using a pre-
designed SNF genoryping assay provided by Applied Biosystems
(part number: C__16021387_20). The PCR. were performed as
deseribed previously.!5

All samples were genotyped in the same centre to avoid
inconsistencies. To verify genotyping accuracy, randomly
selected samples were genotyped twice and showed 99% iden-
tical genotypes; the call rate was higher than 90% for all studied
populations.

Statistical analysis

We tested Hardy-Weinberg equilibrium (HWE) for each case—
control set using the program FINETI (htep://ihg gsEde/cgi-bin/
hw/hwa2.pl). Significance was calculated with 2x2 contingency
tables and Fisher's exact test to obtain p values, OR and 95%
CI using PLINK V.1.07 (hetp://pngu.mgh.harvard edu/purcell/
plink/). p Values less than 0.05 were considered statistically
significant. Multiple testing was corrected by false discovery
rate control (pyr,). Linkage disequilibrium measurements ()
between 1533996649 and rs2476601 were estimated by the
expectation-maximisation algorithm using HAPLOVIEW ver-
sion 4.1 (Broad Institute of MIT and Harvard).

A search of the literature was made using Medline citations
to identify available articles in which the association of the
12476601 PTPNz22 (CLB5ET, R620W) polymorphism with
SS¢ disease had been examined. The medical subject head-
ing terms and text words used were ‘protein tyrosine phos-
phatase’, ‘PTPN22', ‘scleroderma’ and ‘She’. A previously
published study was included in the meta-analysis if (1) it
was published by October 2009, (2) it was original data {inde-
pendent among studies), (3) it provided enough data to cal-
culate the OR and (4) it included SSc patients diagnosed by
the 1980 ACR classification criteria for $Sc.¥” An amicle was
excluded if (1) it contained overlapping data, (2) the number
of null and wild genotypes could not be ascertained and (3)
the patients and controls included were related. We obtained
(via personal communication) the frequencies of the REZ0OW
polymorphism in the $5¢ subtypes and autcantibodies if they
were not provided in the selected manuscripts, Dieudé ez al™?

Table 1 Main clinical features of SSc patients from the Spanish and the seven replication cohorts

SS¢ patients population

pustications |G

Spain  Belgium  England  Germany Italy  Metherlands USA  Sweden
Femala %} &9 116 835 a7 95 72 884 18
Limited phenotype (%) 582 634 116 4.2 708 6B 39 783
ACA positivity (%} 418 189 231 i a2 brdd B3 04
Anti-Sel70 positivity (%) 198 125 19 6.8 53 W7 185 117
Pumenary fibrosis on CT scan{%} 32 - 43 35 3|z 40 - 45
Low FYC {-<75% pradicted (%} % - 30 13 13 u - 35
Low DLCO { <75% pradictad} (%] 45 - 1.4 50 50 il - k2

Values are expressed in %
ACA, anticentromere antibody; DLCO, diffusion capacity for carbon monaxide; FVC, forced vital capacity; $S5c, systemic sclerosis,
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thus provided a more complete dataset for their French cohort,
and Gourh et al” provided genotypic frequency distribution in
the subtypes of 55¢.

The analysis of the combined data from all populations was
performed using Stats Direct version 2.6.6 {StatsDirect Led,
Cheshire, UK) for global 55¢, the dinical subgroups of the
disease (leS5¢ and deSSc) and the autoantibody classification
(ACA and ATA). Homogeneity of the OR among cohorts was
calculated using Breslow-Day and Cochran's O test methods.
Higgins' test (I7) was used to detennine if the percentage of total
variation across the studies is due to heterogeneity rather than
chance (F <25% low, I 50% moderate and I* >75% high).%
The pooled OR were calculated under a fixed-effects model
(Mantel-Haenszel meta-analysis if I* <25% or I 50%) or ran-
dom effects model (DerSimonian-Laird if I >75%).% The est
mation of the staristical power of the study was performed

using the CaTS-Power Calculator (Andrew Skol and Gongalo
Abecasi, 2006).

RESULTS

The PTPN22 R263Q polymorphism is associated with $Sc in the
Spanish population

First, we conducted an association study in a case—controls set
of Spanish Caucasian ancestry. The distnibution of the allelic
frequencies of the two studied polymorphisms, R2630Q and
R620W, was in HWE in both Spanish SS5¢ patients and con
trals (table 2). The allele frequencies for the R620W variant in
the Spanish population (minor allelic frequency (MAF) 0.07)
were very similar to that reported previously in Caucasian
populations, including the international HaptMap project (MAF
0.1) (heepe/fwwachapmap.org) and previous studies (MAF
0.05-0.1).1%17

Table 2  Genotype and allele frequencies for rs33996649 and rs2476601 PTPNZ2 polymorphisms in healthy controls and patients with 5S¢ from

eight countries

SNP Population [ GA AR [ A pValue*  OR [95% €1
1533996649 Spain $5¢ in=599} 0.960 0.040 0 0,979 o0z
Controls {n=1128) 0.932 0.068 0 0,966 00341 0.041 0.58 0.36 1 0.92
Balgium $5¢ in=18T} 0.952 0.045 0 0976 0024
Controls {n= 236} 0.949 0.051 0 0875 00254 09 0.95 0391227
England $5¢ in=477} 0.956 0.042 0.002 0,917 00231
Controls {n=1382} 0.969 0.031 0 0,984 0.0157 028 148 0731301
Germany $5¢ in=354} 0.966 0.034 0 0.983 0.0169
Controls {n= 285} 0.958 0.042 0 0879 o021 058 08 0361w 1.8
Italy $5¢ in=419} 0.945 0.055 0 0973 0.0274
Controls {n=371} 0.938 0.062 0 0,969 0.0310 068 038 04915 1.59
Netharands $5¢ in=185} 0.959 004 0 0,979 0.0207
Controls {n=263} 0.951 0.049 0 0875 0.0247 072 083 0321222
UsA $5¢ in=1050} 0.947 0.053 0 0873 0.0267
Controls {n=593} 0.958 0.042 0 0979 0.0209 0.28 128 0.81t0 202
Swaden $5¢ n=191} 0.974 0.026 0 0.987 0013
Controls {n= 280} 0.946 0.054 0 0873 0.0268 015 0.4 0171134
Pooledt $5¢in=3422) 0.954 0.045 0 0en 0.0230
Controls {n=3638) 0.947 0.053 0 0873 0.0530
Fixed modal 0.3 089 072w 112
SNP Population e cT m [ T pYalue®  OR [95% €1
1s2476601  Spain $5¢ in=636} 0.857 0137 0.006 0925 0075
Controls {n=1128) 0.857 0136 0.007 0925 0075 098 099 0771 1.29
Belgium $5¢ in=139} 0.788 0212 0.000 0,894 0106
Controls {n= 256} 0,858 0129 0.2 0827 0073 0.08 1.51 0951242
England $5¢ in=463} 0.793 0.z01 0.006 0893 0107
Controls {n=373} 0.853 0147 0.000 0926 0074 0.041 15 107 w212
Germany 55¢ in=343} 0.802 0175 0023 0.889 o
Controls {n= 288} 0174 0212 0014 0,880 0120 062 092 0651013
Italy $5¢in=383} 0.390 0104 0.005 0943 0057
Controls (n=3T1} 0.935 0.059 0.005 0.965 0.035 0.081 168 1020276
Natherands $5¢in=190} 0.805 0189 0.005 0.900 0100
Controls {n=217} 0.819 0177 0.004 0.908 0.092 068 1.1 07te1.M
Swiden $5cin=175} 0.789 0.200 oo 0.889 o
Controls {n=279} 0,789 0.190 0.022 0,884 0116 082 0.95 06212145
Dieudé of af 't $5¢ in=1018} 0,820 0172 0.008 0.906 0.094
Controls {n=1004) 0,828 0163 0009 0.908 0091 073 1.04 08410 1.28
Gourh et ai”" $5¢ in=666} 0.787 0.203 oo 0.888 (N1
Controls {n=430} 084 0147 0.009 0817 0.083 0.081 139 1.0310 187
Pooleds $5¢ in=4063} 0819 0173 0.009 0.905 0.095
Controls {n= 4406} 0.843 0148 0.008 0817 0.083
Fixed model 0031 115 1031 1.28

*p Value lor the manor allele,

7= 17.6%, Bresow-Day p=0.281 0=8.49 p=10.29; The statistical power for this pocled analysis was 97%,
1The authors of those papers provided by personal communication the achealisation and specific data of their works.
§1°=33.8%, Bresow-Day p=0.145 0=12.08 p=10.15. The statistical piwer for this pooled analysis was 100%.

TFalse discovery rate correction pvalue,
SHE single nucleotide polymorphism; $Sc, systemic scleross,
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Alfter comparing the genotypic and allelic frequencies of
the R263Q and RE20W FTPN1Z genetic variants between
S5¢c Spanish patients and healthy controls, we observed
that the R263C A allele was associated with 55¢ (p=0.02
(Prpeomecea=104), OR 0.58, 95% CI 0.36 to 0.92). However,
we did not observe any significant difference for the R620W
polymorphism in this population (p=0.98, OR 0.99, 95% CI
0.77 tor 1.29) (table 2.

In addition, we performed an analysis stratifying the patients
according to their clinical outcome, thar is, deSSc, le55¢c, ACA
or ATA-positive patients. Interestingly, we observed that the
frequency of the A allele of the R236C polymorphism was
higher in healthy controls (3%) compared with 1c55¢ Spanish
patients (2%) (p=0.02 (Prp orreceeq=004), OR 0.49, 95% CI 0.27
to (191 (rable 3). However, no significant association was found
berween RE20W and the subtypes of the disease or between the
R263C1 or RE20W FTFNZ2 polymorphisms and ACA and ATA-
positive subsets of S5¢ (tables 3 and 4).

A replication study and meta-analysis showed that the R620W
polymorphism is associated with $Sc and ACA-positive patients
In view of the interesting findings observed in the Spanish popu-
lation, we conducted a large replication study including seven
independent populations with Caucasian ancestry. All analysed
control populations were in HWE for both PTPN22 R265C1 and
RG620W genetic variants. As previously reported,” no linkage
disequilibrium berween the FTPN22 R2630 and R620W genetic
variants in ary population was observed (12<0.03 for all studied
populations).

MNone of the seven replication cohorts showed a significant
association of the R2630 PTPN22 polymorphism with 55¢ sus-
ceptibility (table 2), with the disease subtypes (leS5c and dcS5c)
(table 3), or with ACA and ATA status (table 4). Neither did the
meta-analysis confirm the significant association of the R2630
genetic variant and 55c, observed in the Spanish population
(p=0.36, pooled OR 0.89, 95% CI 0.72 to 1.12) (ligure 1A and
table 2.

The replication study of the FTPNZ2 RE20W polymor-
phism showed a slightly increased [requency of the T allele
in S5¢ patients compared with controls in most cohorts
(table 2). However, this difference was statistically significant
after FDR. correction only in the English population (p=0.02
(Propcomerea=th04), OR 150, 95% CI 1.07 1o 2.12) [table 2, figure
1B). In this regard, the frequency of the T allele was signifi-
cantly increased in lcS5c English patients {11% ) compared with
healthy controls (7%) (p=0.005 (pery 0 =0.01), OR 167,
95% CI 1.17 to 2.40) (table 3). To evaluate the overall effect of
the classic PTPN22 R620W genetic variant in S5¢ susceptibiliry,
we performed a meta-analysis including the seven case—con-
trol sets analysed in this study (from Spain, Belgium, England,
Germany, Italy, The Netherands and Sweden), together with
previously published reports. Four studies thar analysed the
FTPN22 RE20W polymorphism in S5¢ were identified through
a Medline search (published in October 2009), "% but two of
these studies were excluded due to overlapping data,*! ¥ The
authors of the selected manuscripts were contacted to obrain
more detailed data information (see Materials and methods).

Heterogeneity was not observed, and the inconsistency was
lw in the mera-analysis of the R620W PTPN22 polymorphism
and 5S¢ (Q=12.08, p=0.15, 1’=33.8%). Accordingly, in this
pooled analysis, the T allele was significantly associated with
susceptibility to develop S5¢ (p=0.010 (pyrp . =0.03), OR
115, 95% C1 1.03 ro 1.28) (figure 1B and rable 2). Moreover, the

Arn Rhewm D 2011700454462, doi 10 1136/ard 2010 130138

meta-analysis of the T allele of PTPN22 R620W and the 1cSS¢
form showed a significant association under the fixed effects
model (p=0.02, OR. 1.15, 95% CI 1.02 to 1.31). However, het-
erageneity was detected ((i=19.84, p=0.01, 1°=59.8%), and the
final result was based on the random effects model that showed
no significant association berween the variant allele and the
1eSS5e subtype (p=0.12, OR 1.18, 95% CI0.96 to 1.44) (figure2A
and table 3). Neither the meta-analysis for the R620W poly-
morphism nor for the deSSc form showed significant associa-
tion (p=0.10, pooled OR 1.15, 95% C1 0.97 o 1.35) (table 3).
However, the meta-analysis performed after stratifying 55c
patients according to autoantibody starus showed that the
T allele of the FTPN22 RE20W polymorphism was a risk factor
for the ACA-positive subset of 5S¢ (p=0.01 (P o =0.02),
pooled OR 1.22, 95% CI 1.05 to 1.42) (figure 2B and table 4). In
this line, we performed a meta-analysis for the FTPN22 RE20W
polymorphism between the ACA-positive versus ACA-negative
patients in the available data cohorts and we observed the same
direction of the OR but the results did not reach significant dif-
ference (p=0.16, pooled OR. 1.15, 95% CI 0.95 to 1.39, see sup-
plementary figure 1, available online only).

DISCUSSION
Aloss-of-function PTFN22 variant (R2630, GTEEA, rs33996649),
which is less effective in reducing TCR signalling, was recently
associated with SLE*? Recent findings also demonstrate an
overlap in the genetic factors involved in both SLE and S5c¢, with
consistent associations of %aenetic variants in the STATy, [RFS
and BANK? genes.™ 2030 % % This fact prompted us to anal-
yse the possible influence of the R263C PTPN22 mutation in
the genetic component of 55¢ and its clinical manifestations. We
studied eight Caucasian cohons and performed a pooled anal-
ysis. Although we observed a significant association with the
788A allele in 5S¢ and its [eSSc subrype in the Spanish cohort,
this was not confimned in the pooled analysis thar included
seven Caucasian ancestry replication cohorts. Considering the
statistical power reached by the pooled analysis (97 %), we sug-
gest that the R263C PTPN2Z polymorphism does not influence
the genetic background of 5Sc. In spite of the lack of significant
association, the pooled OR. shows a protective trend (0.87) in the
meta-analysis for the R263C) variant and S5¢, the same direction
observed for the association of this polymorphism in SLE# In
order to determine with greater accuracy if this polymorphism
is implicated in the clinical outcome of $5¢ or the ACA and ATA
autcantibody subsets (the statistical power for these analyses
range between 42% and 81%), further studies are needed.
Conversely, in the present study, we wanted to re-evaluate
the role of the PTPN22 RE20W (C1858T, 1s24746601) polymor-
phism in $5¢ genetic susceptibility by taking advantage of our
large Caucasian cohont and performing a meta-analysis, which
is a robust tool for resolving contradictory results and increas-
ing the statistical power in genetic association studies. " Our
meta-analysis had high statistical power (100% for the global
55¢c disease, 100% For 55¢ in the Ic55c clinical subgroup, 99%
for deSS¢, 99% for 55¢ ACA autoantibody status and 97% lor
ATA) and showed evidence of association of the 1858T allele
with §5¢, the ACA subset, and (to a lesser extent) the lc5Sc form.
Our data confirm and extend previous reports showing a trend
of association of the REZ0W FTPN22 variant with $Sc.'? # For
instance, Gourh 2 4" observed an increased frequency of the
T allele in 55¢ patients compared with controls in a Caucasian
population (p=0.13, OR 1.25). Similarly, Dieudé e a7 conducted
a meta-analysis including rhree Caucasian cohorts, and they
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Table 3 Distribution of PTPNZ2 rs33996649 and rs2476601 polymorphisms in $8c subtypes and healthy controls

955
SNP Papulation GG GA AR G A p Value® OR ll:u
rs33996649 Spain Limited {n=351} 0.966 003 a 0.983 oo 0.04rt 049 0.27 to 0.91
Diffusa {(n=169} 0.947 0053 a 0973 0.0266 047 [ 0.38 to 1.56
Controls (n=1128)  0.932 0.068 0 0.966 0.0341
Belgivm Limited {n=119} 0.950 0050 a 0975 0.0252 089 089 0.37 to 2.68
Diffusa in=58) 0.931 0.052 0 0.957 0.0259 0.96 104 02910373
Controls (n=236) 0.949 0.051 0 0.975 0.0254
England Limited {n=344} 0.962 0.035 0.003 0.980 0.0203 05 1.30 0.60 to 2.83
Diffuse (n=128} 0.945 0055 a 0973 0.0273 023 1.76 0.69 to 4.57
Controls in=382] 0.963 0oan a 0.984 00157
Germany Limited {n=184} 0.870 0,030 a 0.985 00152 054 07z 0.25 to 2.06
Diffus {n=128) 0.677 0.023 0 0.962 0.0072 035 055 0150197
Controls (n=285) 0.9 0.042 0 0.979 0.0211
Matherlands Limited {n=109} 0.954 0046 a 0977 0.0229 0es 083 0.33t0 263
Diffusa in=31) 0.968 0.042 0 0.964 0.0161 067 0.65 0.08 10 5.03
Controls in=263] 0.851 LiiE L) a 0975 0.0247
Italy Limited {n=292} 0.952 0062 a 0.976 0.0240 044 [ 0.39t0 1.51
Diffuse (n=115 0.939 0.061 0 0.970 0.0304 097 098 04210232
Controls (n=371) 0938 0.062 0 0.969 0.0310
UsA Limited {n=507} 0.956 0.044 0 0.978 0.0222 0.52 1.06 0.63101.81
Diffuse (n=388] 0.938 0.062 0 0.969 0.0309 015 149 0.86t0 258
Controls in=693) 0.958 o4z a 0979 0.0209
Swedan Limited {n=270} 0.493 0015 a 0.984 00160 027 054 0.18to 1.64
Diffuse (n=191} 0.974 0.026 0 0.967 0.0131 028 034 0.04t0 260
Contrels (n=280) 0945 0.054 0 0,073 0.0268
Pooladts Limited {n=2020} 0.959 0.040 0 0.960 0.0200 013 0.81 0.62 10 1.05
Diffuse {n=1208] 0.951 0.049 0 0.975 0.0250 099 0.99 07310133
Controls in=36381 0.947 0053 a 0973 0.0530
SNP Population o o1 m ¢ T p Value* oR {95% C1
rs2476601 Spain Limited {n=370} 0.889 oiog 0.003 0943 0.0568 o.na 074 0.52 to 1.05
Diffuse (n=182} 0.808 LR EA 0.0 0.8%E 01016 o.ng 140 0.96 to 2.03
Controls (n=1128)  0.857 0136 0.007 0.925 0.0749
Belgium Limited {n=120} 0ns 0225 0.000 0.868 01125 007 162 09610273
Diffusa (n=58) 0.845 0155 0.000 0,922 0.0778 085 1.08 0.50 to 2.30
Controls (n=256) 0.859 0129 0.012 0.8 0.0725
England Limited {n=335} 0774 ozT 0.009 0.887 01176 ooitt 167 1.17 to 2.0
Diffuse (n=122} 0.852 n1as 0.000 0.976 00738 1.00 1.00 0.58ta 1.74
Controls (n=373) 0.853 0147 0.000 0.926 0.0737
Germany Limited {n=162} 0m 0185 0.043 0,864 0.1358 049 118 01715113
Diffuse (n=120 0.817 0175 0.008 0.904 0.0958 032 018 04710 1.28
Controls (n=288) [ 0212 0.014 0.880 01198
Metherands Limited {n=131} 0794 0.206 0.000 0.ga7 01031 062 113 0.69 to 1.85
Diffuse (n=41} 0.854 oizz 0.0z4 0915 00854 [k 0.8z 0.40ta 2.10
Controls {n=277) 0519 01m 0,004 0,008 0.0921
Italy Limited {n=271} 0.885 om 0.000 094 0.0590 o.art 1.73 1.0Z to 2.94
Diffuse (n=102 0.892 0.098 0.010 0.841 0.0588 013 172 0.85t0 3.47
Controls (n=371) 0.935 0.059 0.005 0.965 0.0350
Swedan Limited {n=137} 0.803 0190 0.o07 0.8%E 01022 054 086 0.54 to 1.38
Diffusa (n=175 0.789 0.200 0.011 0,889 0ing 043 128 0640 256
Controls in=279) 0788 0190 0.0z 0.884 01165
Dieudd of 295 Limited (n=541} 0En LR EA 0.008 0.907 0.0983 046 110 0.86to 1.39
Diffuse (n=315 0838 0.156 0.006 0.916 0.0841 0.62 093 0.68 t0 1.28
Controls in=1004) 0.828 0163 0.009 0.909 0.0906
Gouhetaf's  Limited (=378} 0ns 0.209 0.013 0.862 01177 0.04tt 148 1.07 to 2,05
Diffuse (n=254) 0791 0.201 0.008 0,892 01083 o1 135 09410196
Controls (n=430) 064 0147 0.009 0.817 0.0826
Fooladt** Limited (n=2545) 05815 0176 0,009 0,003 0.0970 012 112 09610 1.44
Diffuse {n=1459) 0.820 0173 0.007 0.906 0.0940 028 1.09 09410 1.26
Controls (n=4406) 0,643 0148 0.008 0,817 0.0830

*p Value for the minor allede

tHeterogencity for systemic sclerosis {SSci imited analysis 1 =0.0%, Breslow-Day p=0,57 0=559 p=0.58,

tHeterogeneity for $5¢ diffused anatysss |°=91%, Breslow-Day p=[0L33 (1= .70 p=0.36 The statishcal power for this pocked analysis was B81%.

&The authors of those papers provided by personal communication the acluahsaton and speciic data of ther works.

THeterogeneity for S5¢ limited analysis = 50, 79% Bredow-Day p=0L0107 (0= 19.84 p=0,0109, The values showed for the Bmited form of the $S¢ meta-analygs correspond to the
random effects model. The statistical power lor this pooled analysis was 100%.

**Helerogenaity for $5¢ diffusad analysis 1°= 0%, Brasbew—Day p=043 0="7.91 p=0.44. The stabstical prwer lor this pooled analyss was 99%,

thalse discovery rate comection p vaue.

SNF single nudentide palymorphesm.
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Table 4 Distribution of PTPNZ2 genetic variants fing with sclerod specific ibody status
SNP Population 66 GA AR 6 A pValue*  OR 195% €I
1533506649 Spain ACA {n=253} 0.964 0.036 o 0.982 0.0178 0.06 0.51 0.26 10 1.03
ATA in=112} 0.964 0.036 o 0962 oore 019 0.52 01980 1.42
Contrels (n=1128} 0.832 0.068 o 0.966 0.034
Eelgium ACA in=40] 0.850 0.050 0 0.875 0.0250 0.95 0.98 0221w 445
ATA in=32] 0.838 0.063 0 0.969 0.0313 0.7 124 0.27 0 5.66
Contrels {(n=235} 0.849 0.051 o 0975 0.0254
England ACA in=133) 0.962 0.038 o 0.%€1 00Ee 0.73 1.20 042344
ATA in=56] 0.882 0018 0 0.881 0.0089 0.58 0.56 0.07 10438
Contrels (n=382} 0.969 0.031 o 0.9e4 0.0157
Germany ACA in=12T} 0,853 0.047 o 0.976 0.0236 082 113 0420303
ATA in=97] 0.879 0.0z1 0 0.580 0.0103 034 0.45 D wiis
Contrels (n=285} 0.958 0.042 0 0.979 0.0211
MNetherlands ACA in=3T) 0.945 0.054 o 0973 0.0z70 091 110 02410 495
ATA in=32] 0.838 0.063 0 0.969 0.0313 0.58 0.79 03510 1.81
Controls (n=263} 0.851 0.049 0 0.875 0.0247
Italy ACA in=17T) 0.644 0.056 0 0.872 0.0282 0.80 0.81 04310193
ATA in=114) 0,839 0.061 o 0.969 0.0307 093 0.99 042t 234
Controls (n=371} 0.838 0.062 0 0.969 0.0310
UsA ACA in=296) 0.956 0.044 o 0978 0.0zz0 018 1.29 08680 223
ATA in=174) 0.854 0.046 0 0.877 0.0230 015 149 0.86 10 258
Contrels {(n=633} 0,958 0.042 o o979 0.0209
Swaden ACA in=51} 0.880 0.0z0 0 0.580 0.0088 0.30 0.36 0050275
ATA in=233} 0,839 0.061 o o970 0.0303 0.87 114 02580 5.08
Contrels {(n=280} 0.945 0.054 o 0973 0.0Z68
Pooledtd ACA (n=1114) 0.857 0.043 0 0,878 0.0225 0.46 0.87 0630121
ATA in=650] 0.857 0.043 0 0.878 0.0215 0.45 0.85 0.56 10 1.27
Contrels {(n=3538} 0.947 0.053 o 0973 0.0265
SNP Population cc cT m [ T pValue  OR {95% CI]
re 2476601 Spain ACA {n=266} 0.853 0.139 0.008 0823 0.0771 087 1.03 0720147
ATA in=126] 0.881 011 0.008 0.937 0.0635 0.51 084 0491w 1.42
Contrels (n=1128} 0.857 0.136 0.007 0,925 0.0749
Eelgium ACA {n=41} 0.805 0.195 0.000 0.802 0.0876 0.43 1.38 0.62 10 3.08
ATA in=32] 0.750 0.250 0.000 0.875 0.1250 014 183 081 waiz
Controls {n=255} 0.863 0129 0.008 0.817 0.0725
England ACA {n=130} 0777 0.223 0.000 g 0ins 0.06 1.58 0930 253
ATA in=55] 0.891 0.081 0013 0.835 0.0636 0.70 0.85 03810193
Controls (n=373} 0.853 0.147 0.000 0.926 0.0737
Germany ACA {n=12T} 0787 0.157 0.055 0.866 0.1339 0.57 114 073w 1.76
ATA in=92] 0.504 0.196 0.000 0.802 0.0875 0.42 0.80 04610 1.38
Controls n=288} 0.774 0.z 0014 0.880 01188
MNetherlands ACA {n=43} 0. 0.209 0.000 0.895 01047 omn 115 055t 244
ATA in=4T} 0851 0.149 0.000 0,975 0.0745 0.58 0.79 03580 1.81
Controls (n=277} 0.51% 0177 0.004 0.808 0.0821
Italy ACA{n=161} 0.658 0.106 0.006 0.84 0.0580 .07 173 08410 3107
ATA in=8T} 0.807 0.083 0.000 0954 0.0454 0.46 124 062t 291
Contrels (n=371} 0.935 0.058 0.005 0.965 0.0350
Swaden ACA (n=48} 0.752 0.188 0021 0.885 01145 0.96 0.98 0.50101.94
ATA in=31} 0.613 0.355 0.032 0790 0.2007 o.ostr i} ] 1.0480 391
Controls (n=279} 0.75% 0.190 0022 0.584 01165
Dieudé ef af''% ACA{n=372} 0812 0.183 0.005 0.803 0.0868 062 1.08 08110144
ATA in=24T) 083 0156 0.008 0913 0.0870 0.80 097 069101.37
Contrels {n=1004} 0828 0.163 ooog 0.900 0.0906
Gourh ef a5 ACA{n=188} 0.761 0.229 0on 0.875 0.1250 0.041t 1.60 10810235
ATA in=107) 0.710 0.z 0019 0.845 0.1542 0.005%1 205 132w 319
Controls (n=430) 054 0.147 0.008 0817 0.0826
Fooled| " * ACA in=1376} 0.815 0174 oon 0.802 0.0881 0.0ztt 142 105w 142
ATA in=834) 0.824 0.168 ooz 0.908 0.09z3 0.26 117 089180 1.55
Contrels {(n=4126} 0.847 0.145 aoor 0.9z0 0.0E00

*pValue tor the minor allele.

tHeterogeneity for systemic sclerosis (SSe) patients with anticentiomere antibody (ACA) positive and healthy controls analysis 1= 0%, Bresiow-Day p=0.61 0=5.01 p=0.66. The

statistical power for this pooled analyss was 69%.

tHeterogeneity for $S¢ patients with antitopoisomerase antibody (ATA} positive and healthy controls analysis 1 = 0.0%, Bresbow-Day p=089 0= 2.82 p=0.90. The stabstical power

for this pooled analysis was 42%.

1aThese data were provided by personal communication by the authors, because they did not showed the complete frequencies in the previcus work.

YHeterogeneity lor $5¢ patients with ACA-positive and healihy controls analysts 1= 0%, Breslow—{lay p=[060 (1=F£.36 p=10.61. The statizhical power lor this pocled analysis was 99%.

**Heterogenety for 53¢ patients with ATA-positive and healthy controls analysis 17=49.9%, Breslow—Day p=0004 (0= 1596 p=0.04. The values showed lor the ATA-positive stalus
|t the random eff fel, The statistical power for this pooled analysis was 9%, in this case the values comespond fo the random effect model.

11False dizcovery rate correchon p value,

SNP, sangle nucleotide polymorphism.
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A OR meta-analysis plot (ficed effects)
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Figure 1 {A] Forest plot for the meta-analysis of the PTPAZ2 R2630
(G788A; rs33996649) polymorphism in systemic sclerosis in eight
Caucasian cohorts. (B} Forest plot of the PTPN22 RE20W (C1858T;
152476601} polymorphism and $S¢ in seven Caucasian cohorts and two
previous studies,

observed a trend of association between the T allele and 5S¢
(p=0.12, OR 1,18), Dara from our more powerful meta-analysis
showed a statistically significant association of the T allele with
55 (Pepncomectea=0-03, OR 1.15), which highlights the need for
large cohorts and a meta-analysis approach to detect minor
associations in genetic studies. ™~ The major discrepancies
between our study and previous reports are related to the asso-
ciation of the R620W PTFN22 variant with autoantibody sta-
tus. Gourh er 4P showed a significant assodiation berween the
1858 T allele and both ACA and ATA-positive status, However,
Dieudé er a'® observed a weaker effect (OR 1.08) between the
CT/TT genotypes and ATA but not ACA-positive status. In our
large study, we only observed an association berween the 1858T
allele and ACA-positive status. Interestingly, a meta-analysis for
this allele berween the ACA-positive versus ACA-negative status
confirmed this tendency and showed that the OR maintains the
risk direction (OR 1.15) but due o the statistical power (75%)
we could not detect a significant difference (see supplementary
figure 1, available online only). The discrepancies berween these
results could be explained partly by the clinical heterogeneiry of
the disease berween populations.* In addition, it is now clear
that the R620W polymorphism displays a wide range of allele
frequencies in normal Caucasian populations.”
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Figure 2 (A} Forest plot for the meta-analysis of the PTPA22 the
R620W (C1858T; rs2476601] polymorphism and limited

y i btype, in seven C. cohorts and pr
studies. (B] Forest plot for the meta-analysis of the PTPNZZ the RE20W
(C1858T; rs2476601) polymorphism and anti ibod
positive ibody status of systemic sclerosis, in seven C.
cohorts and previous studies.

The observed effect magnitude of the 1858T allele on genetic
susceptibility to 55¢ (OR 1.15) seems to be weaker than that of
other autoimmune diseases, such as SLE and RA, indicating that
the PTFN22 gene contributes to a lesser extent to 55c genetic
susceptibility,. However, the specific immunolo%icai mecha-
nisms of each disease may explain such results. ¥

Some limitations could be atributed 1o our study, as patients
with S¢ complicated by other auroimmune diseases could
not be excluded from the analysis. Therefore, given that the
RE20W polymorphism is associated with mulriple autoim-
mune phenotypes, it can be argued that our findings may
result from the genetic background of those $Sc patients pre-
senting with another autoimmune disease associated with the
FTPN22 gene. Although this possibility cannot be completely
discounted, this seems not to be the case, because the most fre-
quent co-autoimmune disease reported in SS¢ patients, Sjégren's
syndrome, is not associated with R620W in Caucasian popula-
tions.” 40 In this regard, it is worth mentioning that Sjégren’s
syndome frequently presents concomitantly with other auto-
immune diseases. This association is well described for RA or
SLE in which the PTPN22 gene is an important genetic factor, !
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Conversely, SLE and SSc fit within the same spectrum
of interferon-mediated diseases. A subset of S5c patients
shows a ‘lupus-like’ high interferon-inducible gene expres-
sion pattern,” and recently Kariuki and Miewold** demon-
strated skewing of serum cytokine profiles in SLE parients
carrying the 1858T risk allele towards high serum IFN-. This
implies that the 1858T allele could be a heritable risk factor
for 85¢ through the interferon pathway. On the other hand,
other functional studies have shown that primary T cells from
patients with autoimmuniry (type 1 diabetes and RA) carry-
ing the W620 allele exhibited reduced IL-2 response o TCR
engagement.”” © [L-2 is known as one of the molecules that
shapes immune responses and tolerance.* All this together
points out the pathways by which the R620W FTFNZ2 variant
influence autoimmunity, but further functional genetics studies
are needed to solve this completely. In conclusion, our resules
suggest that the R2630 FTPNZ2 variant is not associared with
S5¢, in contrast to the R620W polymorphism thar is a known
susceptibility factor for $5c and the ACA-positive subset. Our
results indicate that compared with the predisposition con-
ferred by the R620W variant in autoimmunity, the protective
effect of R26302 appears to be weaker, One possible explana-
tion for these observations is that the loss-of function effect on
TCR signalling due to the R263C) variant may be more easily
compensated for than a gain-of-function effect caused by the
R620W variant.”
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SUPPLEMENTAL MATERIAL

Odds ratio meta-analysis plot [fixed effects] ACA+ ACHA-
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Supplementary Figure S1. Forest plot for the meta-analysis of the FPTPNZ2 the
Re20W (C1838T, =2476601) polymorphism and ACA-posihive versus ACA-negalive
status patients, in eight Caucasian cohorts. Heterogeneity for this analysis [2=0,0%,
Breslow-Day P=0,98 Q=141 p=0,98.
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ORIGINAL ARTICLE

Differential Association of Two PTPN22 Coding Variants with
Crohn’s Disease and Ulcerative Colitis

Lina-Marcela Diaz-Gallo, Msc,' Laura Espino-Paisdn, MSc,” Karin Fransen, Msc,”** Maria Gémez-Garcia, MD, PhD,”
Suzanne van Sommeren, MD,? Carlos Carderia, MD,® Luis Rodrigo, MD, PhD,” Juan Luis Mendoza, MD, PhD,?
Carlos Taxonera, MD, PhD,® Antonio Nieto, MD, PhD,” Guillermo Alcain, MD,' Ignacio Cueto, MD,’®

Miguel A. Ldpez-Nevot, MD, PhD,"" Nunzio Bottini, MD,’” Murray L. Barclay, MD,"* J. Bart Crusius, PhD,’*
Adriaan A. van Bodegraven, MD, PhD,' Cisca Wijmenga, PhD,* Cyriel Y. Ponsioen, MD, 6

Richard B. Gearry, MB, ChB, PhD,’” Rebecca L. Roberts, PhD,'® Rinse K. Weersma, MD,” Elena Urcelay, MD, PhD,”
Tony R. Merriman, PhD,'® Behrooz Z. Alizadeh, MD, PhD,’** and Javier Martin, MD, PhD™*

Background: The PTPN22 gene is an important risk factor for human avtoimmunity. The aim of this study was 1o evaluate for the first time
the role of the R2630) PTPN2I2 polymorphism in ulcerative colitis (UC) and Crohn’s disease (CD). and to reevaluate the association of the
R620W PTPNIZ pol hism with both di

Methods: A total of 1677 UC patients, 1903 CD patients, and 3111 healthy controls from an initial case-control set of Spanish Caucasian
ancestry and twe independent sample sets of European ancestry (Dutch and New Zealand) were included |.11 the sudy. (_uenot\«pmg was performed
using TagMan SNP assays for the R2630Q (rs33006649) and R620W (rs2476600) PTPN22 pol 1 Meta-analysis was performed on
6977 CD patients, 5695 UC patients, and 9254 controls 1o test the overall effect of the minor allele of Rmuw and R2630Q polymorphisms.

Results: The PTPN22 2630 loss-of-function variant showed initial evidence of association with UC in the Spanish cohort (P = 0,026, odds ra-
tio [OR] = 0.61, 95% confidence interval [CI]: 0.39-0.95), which was confirmed i the meta-analysis (P = 0013 pooled, OR = 0.69, 95% CI:
0.51-0.93). In contrast, the 2630 allele showed no association with CD (P = 0.22 pooled, OR = 1.16, 95% CI: 0.91-1.47). We found in the
pooled analysis that the PTPN22 620W gain-of-function variant was iated with reduced nisk of CD (P = TAE-06 pooled OR = 0.81, 95%
CT: 0.75-0.89} but not of UC (P = 0.88 pooled, OR = 0.98, 95% CT: 0.85-1.15).

Conclusions: Our data suggest that two i ity iated poly phisms of the PTPN22 gene are differentially associated with CD
and UC. The R2630) polymorphism only associated with UC, whereas the R620W was significantly associated with only CD.

(Inflanim Bowel Dis 200 §,17:2287-2294)

Key Words: protein tyrosine phosphatase, nonreceptor type 22 (FTPN22) gene, inflammatory bowel disease (IBD), ulcerative colitis {UC),
Crohn’s disease (CD)
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rohn’s disease (CD) and uleerative colitis (UC) are the

main types of inflammatory bowel disease (IBD). They
are relapsing and chronic inflammatory disorders that result
from the complex interaction of genetic, immune, and envi-
ronmental factors. It is estimated that the current number of
loci associated with IBD only explain 10%-20% of the
genetic risk attributed to UC and CD. Thus, additional
genetic contributions clearly remain to be discovered."™

The protein tyrosine phosphatase nonreceptor 22
(PTPN22) gene encodes the gatekeeper of T-cell receptor
(TCR) signaling, protein tyrosine phosphatase (PTP, also
known as LYP), and as such is a compelling candidate risk
factor for IBD. In T cells, LYP (lymphoid tyrosine phos-
phatase) potently inhibits signaling through dephosphoryl-
ation of several substrates, including the Sre-family kinases
Lek and Fyn, as well as ZAP-70 and TCRzeta. Moreover,
PTPN22 has emerged as an important genetic risk factor
for human autoimmunity.” ™ Specifically, two missense sin-
gle nucleotide polymorphisms (SNPs), both with functional
influence,**'? have been associated with autoimmune dis-
eases. The RG20W (1858C=>T, rs2476601) polymorphism
inexon 14 of PTPN22 was first associated with type 1 dia-
betes (T1D), and subseq ly with autoi disorders
such as rheumatoid arthritis {RA), systemic lupus erythema-
tosus (SLE), IBD, and other autoimmune diseases."” """ The
R620W variation disrupts the interaction between Lek and
LYP, leading to reduced phosphorylation of LYP, which
ultimately contributes to gain-of-function inhibition of T-cell
signaling.!”” The Q minor allele of R263Q (788G=A,
1s33996649) in exon 10, within the catalytic domain of the
enzyme, is a loss-of-function mutation that confers protec-
tion against development of SLE and RA'™'®

In this study we sought first to determine whether the
newly described amino acid substitution, R263Q (788G =>A,
rs33996649) is associated with altered susceptibility to CD
and UC and, second, to reevalvate the influence of the
R620W (1858C>T, rs2476601) polymorphism on these dis-
cases by conducting a case—control study and meta-analysis.

MATERIALS AND METHODS
Case-Control Study

Study Population

A total of 1903 CD patients, 1677 UC patients, and
3111 healthy controls from an initial case—control set of Span-
ish Caucasian ancestry (699 CD patients, 658 UC patients,
and 1685 healthy controls) and two independemt sample sets
of European ancestry from The Netherlands (694 CD patients,
548 UC patients, and 863 healthy controls) and New Zealand
(510 CD patients, 471 UC patients, and 563 healthy controls)
were included in the case—contrel swdy. All IBD patients
were diagnosed according to standard clinical, endoscopic,
radiologic, and histopathologic criteria.'” *' Control individu-
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als were matched by Caucasian origin, age, and gender. Writ-
ten informed consent was obtained from all participants. The
study was approved by the Ethics Committee of the Spanish
and Dutch hospitals, and by the Upper {cases) and Lower
(controls) South Regional Ethics Committees of New Zealand.

PTPN22 Genotyping

DNA from patients and controls was obtained using
standard extraction methods. Samples were genotyped for
SNP rs33996649 using a Custom TagqMan SNP Genotyping
Assay {Applied Biosystems, Foster City, CA). The primer
sequences were: forward 5 TTTGAACTAATGAAGGCCTCT
GTGT 3" and reverse 5" ATTCCTGAGAACTTCAGTGTTTT
CAGT 3'. The specific minor groove binder probe sequences
were 5 TTGATCCGGGAAATG 3 and 5 TTGATCCAGGA
AATG 3. The samples were genotyped for rs2476601 poly-
morphism via TagMan 5’ allelic discrimination assay using a
predesigned probe (Part number: C__ 16021387 _2(; Applied
Biosystems). To verify the genotyping consistency 10% of
samples from each smdied cohort were genotyped twice, The
concordance between original and repeat genotypes was 99%.
The genotype call rate was =>90% for all studied populations.

Data Analysis

Deviation from Hardy-Weinberg equilibrium (HWE)
was tested by standard chi-square analysis. The differences in
genotype distribution and allele frequency among cases and
controls were calculated by contingency tables and when nec-
essary by Fisher's exact test. An association was considered
statistically significant if P < 0,05, Linkage disequilibrium
(LD) measurements [r"'} between rs33996649 and rs2476601
were estimated by the expectation-maximization algorithm
using HAPLOVIEW v. 4.1 {© Broad Institute of MIT and Har-
vard 2008, Cambridge, MA). Case-control association analysis
was performed using PLINK (v. 1.07) (htp://pngu.mgh.harvard.
edu/purcell/plink/) to estimate odds ratios (OR) and 95% confi-
dence intervals [CI].” To test for associations of the PTPN22
polymorphisms  with clinical features, a univariate analysis
using y* or Fisher's exact test was applied. The Montreal Clas-
sification'” criteria were used to determine the clinical varia-
bles. We compare each variable with the healthy controls and
within cases (see Supporting Information Tables 1-4). Multiple
testing was corrected by false discovery rate control {prog).
Analysis was conducted using PLINK (v. 1.07) and Stats Direct
(v. 2.6.6 hup:/fwww statsdirect.com) softwares,

Meta-analysis

Study Selection and Data Extraction

To estimate the commen effect of the PTPNI2 R620W
pelymerphism en IBD we conducted a search on MEDLINE
and PUBMED electronic databases up to April 2010 to identify
available articles in which this polymorphism was genotyped in
patients with CD or UC and healthy controls. The search strat-
egy included Medical Subject Heading (MeSH) terms and text
words as follows: “Inflaimmatory Bowel Disease™ [MeSH] OR
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TABLE 1. Genotype and Allele Frequencies for the R263Q PTPN22 (rs33996649) Polymorphism

IBD Patients from Three Different Populations

in Healthy Controls and

Fopulation GG % GA % AA % AllleG % Allele A % Povalue OR (95 % CI)

Spanish CD patients (n = 699) 640 916 59 B4 0 00 1339 958 39 42 0073 134 097 L85
UC patients (n = 658) 632 960 26 40 0 00 1290  98.0 26 20 0026 060 039 095
Controls (n = 1685) 1580 938 103 61 2 00 3263 968 107 32

Dutch CD patients (n = 694) 638 948 36 52 0 00 1352 974 36 16 098 099 064 L55
UC patients (n = 548) 523 954 25 46 0 00 W71 977 25 23 038 0.87 053 143
Controls (r = 863) B8 948 45 52 0 00 1681 974 45 16

New Zealand CD patients (n = 510) 490 961 20 39 0 00 1000 980 w20 087 095 052 174
UC patients (n = 471) 450 975 12 25 0 00 930 987 12 L3 017 061 030 124
Controls (1 = 559) 536 959 23 41 0 00 1095 979 23 21

Pooled CD patients (n = 1903) 1788 940 115 60 0 00 3891 970 115 300 022" Lle 091 147
UC patients (n = 1677} 1614 962 63 38 0 00 3291 951 63 19 0013 069 051 093
Controls (1 = 3107) 2034 944 171 55 2 00 6039 972 175 28

CD, Crohn's disease’. UC, ulcerative colitis. P-value for the minor allele.

“Meta-analysis calculated th h the fixed effects model. Breslow-Day P = 0.44

"Mm-ana]}sis calculated through the fixed effects model. Breslow-Day P = 0.54.

“Crohin’s Disease”[MeSH]|) OR “Colitis, Ulcerative™ [MeSH]
AND “PTPN22 protein, human “[Substance Name] OR
PTPN22. References in the studies were reviewed to identify
additional stdies not indexed by MEDLINE.

Swmdies for the meta-analysis were selected if they met
the following conditions: 1) diagnesis and phenotype was
established by means of the Vienna or Montreal Classifica-
tions'” *'; 2) data were collected in Caucasian populations; 3)
the study had a case-control design: 4) the SNPs genotyped
were 152476601 or rs6679677 (both are in complete linkage dis-
equilibrium in Caucasian populations, htp://www.hapmap.org);
5) the study supplied enough information to calculate the OR,
or the authors provided the data by personal communication
{the authors of articles which did not show complete data were
contacted by email); 6) the study provided original data (inde-
pendent of other studies included in the meta-analysis); and 7)
the article was published in a peer-reviewed journal as a full ar-
ticle, not as an abstract or similar type of summary.

Our systematic review of the literature identified 28
potential  studies  for the meta-analysis of R620W  in
IBD. P12 T A qoral of 15 studies were not included in our
analysis ! ?7283 SIS G0 Live of these were not case—
control studies”™*******! and three did not genotype 2476601
or s6679677.7775% Another five did not supply enough infor-
mation to caleulate the OR.** * Ope included some sam-
ples of our Spanish cohort™ and another was carried out anly
on patients with ileal CD.*

Data Analysis

The analysis of the combined data from all populations
was performed using Stats Direct software, v. 2.6.6. The sum-
marized ORs and Cls were obtained by means of both the ran-
dom {DerSimonian-Laird) and the fixed (Mantel-Haenszel

meta-analysis) effect models. The heterogeneity of ORs among
cohorts was calculated using Breslow-Day test. The statistical
power of the R263Q and R620W meta-analysis was 97%, 99%
for CD, and 96%, 99% for UC, respectively (assuming a P =
0.01; disease prevalence of 0.1% and allele frequency of 5%:
done using CaT$S software hup:fwww.sph.umich.edu/csg/
abecasis/CaTS/index. himl),

RESULTS

R263Q Polymorphism of PTPN22 Is Associated
with Reduced Risk of UC

First we conducted an association study in a case—con-
trol set of Spanish Caucasian ancestry. The distribution of
the allelic frequencies of the two polymorphisms, R2630Q
and R620W (Tables 1, 2) were in HWE both in patients and
controls. As previously reported,'™'® no LD between the
PTPN22 R263() and R620W genetic variants was observed
in any population (" < 0.03 for each studied population).

We observed that the 263Q allele was significantly
associated with UC (F = 0.026, OR = 061, 95% CLI:
0.39-0.95) but not with CD (P = 0.07, OR = 134, 95%
CI: 0.97-1.85) (Table 1).

We then conducted a follow-up study in two inde-
pendent Caucasian populations. The case-control analysis
in the Dutch and New Zealand cohonts did not show sig
icant association with the R263Q polymorphism in either
the CD {Dutch: P = 098, OR = 0.99 95%, CL0.64-1.55,
New Zealand: P = 0.87, OR = 0.95, 95% CL 0.52-1.74)
or the UC sample sets (Dutch: P = 0.58, OR = 0.87, 95%
CI: 0.53-1.43, New Zealand: P = 0.17, OR = 0.61, 95%
CI: 0.30-1.24) (Table 1).

2289

pustications |G



pustications |G

Iseases

ing the genetic puzzle of autoimmune di

isi

Rev

* Volume I7. Number Il Movember 2001

Inflamm Bowel

-Gallo et al

i

T

FI0 = o ARCI-MO[SAI PO 193118 ANy 20

o AB(J-MO[SAUE [APOW S103512 WOPURL U ENON] paemafen ssiEe-eapy,

[ANONG peteales SISAEIR-RIag,

S[AE OUILE 3 I0) GN[EA- SUIO0S JARERO[N 1] ISLRIP § W) ()

T8 181 916 15091 LEET R'E8 L¥EL (99,8 = ¥) sponuo]y
ST S8°0 860 Q880 L8 S66 €16 S6E01 €68 T'E8 16LF (8698 = w) swaned Dn
LB 091 €16 £0691 L9F1 +¢8 8ILL (PST6 = M) sonuo)
680 SL0 180 e90dFL TL €001 ®T6 186T1 ST6  T'98 €109 (LL69 = w) swaned (O Pajoog
L6 185 €06 LTrS €5 18 LA (FO0E = M) sponuo)
160 690 6L70 1000 &L £1f U6 L69E 16T 6% £0L1 (SO0T = u) swoned (D URISEINET) (LOOTY DDLM
L LI 39 968 SSF Ly 08 +0T (ST = W) sfonue]
1670 T80 0680 98 & 6 L9T € 9'¢8 TT1 (op1 = w) swaned g0 UBILIALY (GOOT) [2 12 13U3uade p
£8 001 L6 9011 06 R0% (€09 = ) S[onuo)y
160 S80 UL 69 ti6 IR £9 6RE ot = ) swaned (O URIPRLED (SOOT) [¥ 12 3U20) Uey
T8 Lt 616 STLY €8¢ 1L1T (1LET = ) sjonuo)y
081 901 LT1 000 001 11T 006 €681 681 768 (Zs01 = vy swaned oy weadomy uetseaney (G007 ¢ 12 TGN
8 £9 9ln L89 19 it (FLE = W) s[onue)
0’1 €50 €80 80 89 0 L6 0lr 9z ool 07T = ) swaned Dy
601 RS0 980 90 €L £F L'T6  SHE LE PEL (p6T = o) swaned (D € (S00T) '[e 12 noasaiy
Lo 1 68 £8 b3 GLE (T = W) sponue)
61l 090 580 €0 To 88 #06  TLE o5 097 (g1 = &) swoaned (0 PuB[EaZ MAN (Q10T) ‘[ 12 uedIop
't 1T 6’56 16F 1T SET (95T = W) sfonue)
951 £90 0171 [ITA VI T LT 1Y .1 RLT tong = u) swaned Dy
LE'T 680 £L0 180 0t 81 L6 TR 0o o 09 8l €87 (10g = ) swoned (0 URHFEL(LOOT) |8 12 ouene]
01 901 68 968 90 £ 00T 001 R6E (1€ = ) sponuoe’y
61 FLO T 60 L0 LA €68 919 Tl v 16l 99 SLT (sre = u) swaned a3 (ROOT) 18 13 Lyspra]
L6 o1 €06 LL6 60§ 9Ll %6 iy (IFS = W) sfonue)
980 90 90 00 e 9 Les #1101 LU VI VRl 1 it (1#¢ = ) swaned (0 ueadomyy ueiseaney (9OOT) ¥ 13 uangg
6E 91 666 B6E oo oo LoL 9l 161 (LOT = w} sponue)
05T 100 g1 €80 09 0t Fr6 80 o1 96 fT §TT  (6rT = ) swaned (D UBIPEUED) (900T) [¥ 12 13def o
L6 I8F €06 SErE 60 €T LT e ST0T (£8FT = u) sponuoe)y
Tl 980 860 FLO &6 69t S06  tirt 60 TT TL1 STF 618 +T0T (1L = w0 swaned On USHUE (pONT) 8 13 UosIapuy
66 [ 106 ¥101 S0 £ ®'81 901 908 tir (€98 = W) s[onue)
TET £L0 6670 £ ®6 8 To6  B0% vl 9 0Ll 9L L8 998 (8t = u) swaned D
w0 670 L90 0 69 99 T'e6 888 90 £ 971 09 ®9% 1t (Lir = w) swaned g PUBES, 3N
6 L] 06 8081 'l 6 LT TFl 618 £89 (P8 = ) sponue)
£H0 TS0 L0 S10°0 0L L 0es £001 Lo+ #2119 o8 ROF (hes = w) swaned Dy
86°0 8E0 L0 G900 L 001 9T6 tFI1 0 £ 0FD v6 9S8 SIS (gLe = W) swaned g yamgg
L9 LTT £e6 £rlE €0 6 ¥T1 60T 1L L9F] (E891 = u} sponuo]y
ST OTEO S0 890 1L £6 6T6  ETT1 60 9 €71 18 BOR 1LE (8¢9 = ) swaned D)
'L 90 180 [R NV L Sre I1TEL 90 F 66 69 96% 979 (669 = u) swaned ) ysmuedg
(1D % §6) MO InEad T LAENY % DFROV % LL % 12 % 20 uonemdog

suonendog

B #L WOl Siuaed (g) pue sjosue) AyieaH ul wsiydiowd|od (L099/+7s)) ZZNLd MOZOY 40) seipuanbaiy aja)ly pue adfiouan 'z 378VL

2290



Revisiting the genetic puzzle of autoimmune diseases

Inflamm Bowel Dis » Volume 17, Number IL November 201 PTPN2? and IBD
Crohn’s discase Ulcerative Colitis
St 130 14 _._ Prp
Buach — amme 1 . aar s, 1
New Znatand aEsEm LE - ofT o 128
combimd s —6 T80 140 —v— 089052 080
0z a8 } a2 a8 H
S a0 (BN Conboencd syl ockiy a0 (RI% confolence eferesd)

FIGURE 1. Forest plots for the meta-analyses of the PTPN22 R263Q (G788BA; rs33996649) polymorphism in CD and UC. The analyses corre-
spond te the frequency of the minor {A) allele in the three Caucasian IBD sample sets.

Our combined analysis of the three studied Caucasian
sample sets did not reveal a significant association between
the R263Q polymorphism and CD (P = 0.22 pooled.
OR = 1.16, 95% CI: 0.91-1.47) but it did strengthen the
initial association observed in UC in the Spanish sample
set (P = 0.013 pooled, OR = 0.69, 95% CI: 0.51-0.93)
(Table 1; Fig. 1), suggesting that the 263Q variant of the
PTPN22 gene may reduce the risk of UC.

620W Allele of PTPN22 Is Associated
with Reduced Risk of CD

In order to reevaluate the role of the R620W poly-
morphism of the PTPN22 gene on IBD, we conducted a
case—control study in the three Caucasian cohorts, We did
not observe a significant difference in genotype or in the
minor allele frequency (MAF) between CD patients and
healthy controls in the Spanish sample set (# = 0.11, OR
= (.81, 95% CI: 0.62-1.1). In contrast, we observed that
the R620W variant was associated with reduced risk of CD
in the Dutch sample set (P = 0,036, OR = 0.76, 95% CIL:
0.58-0.98) and in the New Zealand sample set (P = 0.014,
OR = 0.67, 95% CI: 0.49-0.92) (Table 2). For the UC
analysis, we did not observe a significant difference in
either the Spanish or the New Zealand sample sets for the
R620W polymorphism (Spanish: P = (.68, OR = 1.05,
95% CIL. 0.82-1.35, New Zealand: P = 0.93, OR = 0.99,
95% CIL: 0.73-1.32). However, the 620W allele was associ-
ated with a reduced risk of UC in the Dutch sample set
(P = 0015, OR = 0.70, 95% CI = 0.52-0.93) (Table 2).

We performed a meta-analysis to reevaluate the role
of the R620W polymorphism in IBD. From the remaining
13 studies, three studies fulfilled inclusion criteria for
meta-analysis of the R620W PTPN22 polymorphism in
UC, % and Silverberg et al®® provided the minor allele
frequencies of R620W in their initial cohort by personal

communication. In CD, eight studies fulfilled inclusion cri-
teria for meta-analysis of the R620W PTPN22 polymor-
phism, 225293037824347 40 Duerr et al®® provided the
minor allele frequencies of R620W in their initial cohort
by personal communication.

A strong association between the 620W variant and
CD was demonstrated (P = 74E-06 pooled, OR = 0.81,
95% CI: 0.75-0.89) (Table 2; Fig. 2). This confirms the
association of the reduced risk observed between this allele
and CD in our initial case—control study in the Dutch and
New Zealand sample sets and in the previous meta-analysis
reported by Barrett et al.'® In contrast, no association was
observed between the 620W allele and UC (P = 0.88
pooled, OR = 098, 955 CI: 0.85-1.15) (Table 2; Fig. 2).

620W Allele of PTPN22 Is Associated with
Reduced Risk of lleal Location in CD

We evaluated the possible associations of the R263Q
and R620W variants of PTPN22 with the clinical pheno-
types of UC and CD (Supplementary Tables 1-4). Meta-
analysis revealed the 620W variant was significantly asso-
ciated with reduced risk of ileal location of CD when com-
pared to healthy controls (Peppeorecea = 9E-03) pooled
OR = 0.64, 95% CI = 0.49-0.84, Supplementary Table 2).
We observed no significant association of the R263Q poly-
morphism with CD or UC clinical manifestations.

DISCUSSION

This article reports for the first time the role of the
newly identified R263Q polymorphism of PTPN22 in IBD.
In addition, we performed a case-control study in Spanish,
Dutch, and New Zealand populations and a meta-analysis
to assess the role of the R620W PTPN22 polymorphism
with CD and UC. Our results indicate that there is a differ-
ential association of the R263Q and R620W polymorphisms
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FIGURE 2. Forest plots for the meta-analyses of the PTPN22 the R620W (C1BSBT; rs2476601) polymorphism in CD and UC. The analyses
correspond to the frequency of the minor (T) allele in 12 Caucasian I1BD sample sets.

with IBD. On the one hand, the PTPN22 263Q loss-of-
function variant is a protective factor for UC, with no rela-
tionship to CD; on the other hand, the 620W gain-of-func-
tion variant confers protection against CD, while showing
no association with UC. The effect size observed between
the R263Q polymorphism and UC (0.69) is similar to that
reported for SLE (i.e., 0.63) by Ormu et al,"™'® suggesting
that this polymorphism could be another common genetic
component in autoimmunity. In addition, we confirmed in
the Dutch and New Zealand CD cohorts, together with a
combined analysis, the previously reported protective role
of the 620W allele in CD but not in UC, 5132326323945
Thus, there is support for the hypothesis that both out-
comes of IBD have a partially different genetic component.
On the other hand, we have reported evidence of a reduced
risk factor of the 620W allele in the ileal location of CD.
Nevertheless, these result should be taken cautiously, since
we observed no significant difference when comparing the
ileal location against colonic/ileocolonic location of the dis-
ease. This may be an artifact of low statistical power of
these stratified analyses (i.e. 50%-65% power). Replica-
tion studies are needed to confirm this new finding.
Increased emphasis has been placed in the recent years on
predictive biomarkers to predict the onset or future course
of disease.*® In this regard, the present report supports the
idea that subtle genetic differences combined with assess-
ment of the pattern of critical mediators (i.e., presence of
autoantibodies) may be useful for tracing progression of
the disease.

To determine the immunological implications of the
differential association of R263Q and R620W PTPN22
polymorphisms with CD and UC, functional approaches
are required. Nevertheless, there is strong evidence to sug-
gest that the 2630 allele is a loss-of-function variant which

2292

is less effective in reducing TCR signaling than 263R."
This supports the hypothesis that positive modulation of
the TCR helps in reestablishing tolerance in at least a sub-
set of autoimmune patients.”*” This functional evidence, to-
gether with the significant association that we observed with
UC, suggests that TCR signaling is more important in this
disease than in CD. Actually, autoantibodies are more often
detected in UC than in CD patems. It is estimated that
60%—70% of UC patients are positive for atypical antineutro-
philic cytoplasmic antibodies, whereas only few CD patients
present autoantibodies (atypical antineutrophilic cytoplasmic
antibodies  5%-25%, pancreatic autoantibodies 27%—37%,
and thrombophilia-associated antibodies 3%-37%)."

The present stady confirms that the 620W allele is
associated with a reduced risk of developing CD. in con-
trast to the increasing risk that this genetic variant confers
to other autoimmune diseases such as TID. SLE, and
RA.®® Several authors have shown that 620W PTPN22
is a gain-of-function variant that reduces TCR signaling
leading to decreased elimination of potentially autoreactive
T cells and/or decreased production of natural regulatory T
cells (Treg) (reviewed”), This could explain the loss of toler-
ance that takes place in autoimmune diseases like T1D,
SLE, and RA, but not the protective role 620W allele
appears to confer against CD. A possible explanation could
be that IBD may represent an inappropriate immune
response to the commensal microbiota in a genetically pre-
disposed host.” mimicking an infection process. This hypoth-
esis is supported by the fact that the 620W allele confers
protection towards some highly prevalent infectious dis-
cases.” Previous studies have reported a significant protec-
tive role of the 620W allele in tuberculosis (TB).*'"* More-
over, the R263(Q) polymorphism has been associated with
increasing risk to develop TB,” the opposite of the reported
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associations with SLE'® and RA'™ and UC in the present
study. Our findings suggest that many of the genetic loci
involved in autoimmunity may be under balanced selection
due to antagonistic pleiotropic effects. Genetic variants such
as R620W and R2630Q with opposite effects in different dis-
eases may facilitate the maintenance of common susceptibil-
ity alleles in human populations.®*®** Moreover, our results
also support the idea that CD and UC differ in some genetic
risk factors, thereby suggesting the involvement of different

immunological mechanisms with a related nature.

24,45.46,54,55

ACKNOWLEDGMENTS

We thank Sofia Vargas and Sonia Garcia for excel-

lent technical assistance. We thank all the donors, patients,
and controls,

[l

-

=

-

=

=

o=

. Lee YH, Rho YH, Q:mSI e‘tal mPTPN'Z“CISSSTﬁmc onal

REFERENCES

Baumgart DC, Carding SR, Inflammatory bowel disease: cause and
immaunchiology. Lancer. 2007;36%:1627-1640.

Budarf ML, Labbe C. David G, et al. GWA studies: rewriting the
story of IBD. Trends Gener. 2008;25:137-146.

Kaser A, Zeissig S, Blumberg RS, Inflammatory bowel disease, Annn
Rev. Imnnal, 2010:28:573-621.

Manaolio TA, Collins FS, Cox NI, et al. Finding the missing heritabil-
ity of complex discases. Nature, 2009;461:747-753,

Clowtier JF, Veillette A. Cooperative inhibition of T-cell amigen
receptor signaling by a complex between a kinase and a phosphatase.
J Exp Med. 1999;189:111-121.

Suantford SM, Mustelin TM. Botini N. Lymiphoid tyrosine phosphatase

and autoimmunity: human genetics tyrosine phosy
Semin Iumunopatkol. 2010;32:127=36,
Wu J, Katrekar A, Honigberg LA, et al. Identification of sul of

human protein-tyrosine phnsphatase PIPNIL T Biol Chem. 2006281

11002-11010.

YuXSm]PHeYe‘tal iniibi and regulatory
hanism of Lyp, a lymphoid ifi :yromne pt imipli-

cated in autoimmine mmses Pmc Nail Acad Sci U § A, 2007;

104:19767=19772.

Arech:p a\F Ha'hle He Y et al Cuting edpe: tt'

with ¥ impairs B cell

PTPN2L allelic
lireg. I Frwnnse

nal' ZIIIQ 18233433347,

. Bottini N, Musumeci L, Alonso A, et al. A functional variant of

lymphoid tyrosine phosphatase is associated with type 1 diabetes. Nay
Gener. 2004;36:337-338,

- Liu Y, Stanford SM, Jog SP, et al. Regulation of lympheid tyrosine

phospiatase activity: inhibition of the catalytic domain by the proxi-
mal interdomain, Biochemisiry, 2009:48:T525-T532,

- Orru V, Tsai 5, Rueda B, et al. A loss-of-function vanant of FTPN22

is associated with reduced risk of systemic lupus ervihematosus, Hum
Mol Gener, 2009:18: 569579,

. Bamrett JC, Hansoul 5, Nicolae DL, et al, Genome-wide association

defines more than 30 distinct susceptibility loci for Crohn's disease.
Nai Gener. 2008:40:955-962.

- Bottini N, Vang T, Cucca F, et al. Role of PTPNID in type 1 dinbetes

and other autoimmune diseases. Semin frmunal. 2006;18:207-213.

. Gregersen PR, Lee HS, Batliwalla F, et al. PTPN2: setting thresholds

for auteimmunity. Semin frmunol. 2006;18:214-223,

and
og)' I‘O.lgfardj 2007;46:49=56,

- Forillo E, Orru V, Stanford SM, et al. Autoi d

[
=

]

. D¢ Jager PL, Sawcer 5, Wal s|

. Hradsky

. Prescott NI, Fisher SA, Onnie

. Rodriguez-Rodriguez L, Wan Taib WR, Topless R, et al. The

PTPN22 R2630) polymorphism is a risk factor for theumatoid arhritis
in Caucasian case-control samiples. Arthriis Rhewn. 2010, Nov 15,
[Epub aisead of print].

. Gasche C, Scholmerich J, Brynskov J, et al. A simple classification of

Crohn's disease: report of the Working Party for the World Conpresses
of Gastroenterology, Viema 1998, Inflarnmn Bowel Dis, 2000:6:8-15,

. Sawsangi I, Silverberg MS, Vermeire 5. et al. The Montreal classifica-

tion of inflammatory bowel disease: controversies, consensus, and
implications. Gur. 2006;55:748-753

. Silverberg MS, Sa\sangl 1, Ahmad I' et al. I'r.vwan:l an integrated clini-
of i

cal, v howel dis-
s report of @ Wor]ung Party of the 2005 Montreal World Congress
of G logy. Can J G [ 2005; 19¢suppl A)5-36.

.PmHS NealeB ToddBmwnLelal PLINK: a tool set for
and

pulation-based linkage analyses. Am
J Hum Gem. 2EIJ‘?.31.559-5‘?5.
Genome-wide association study of 14,000 cases of seven common dis-
cases and 3,000 shared controls. Naqere. 2007:447:661-678.

. Anderson CA, Massey DC, Barrett JC, et al, Investigation of Crohn's

disease risk loci in ulcerative colitis funther defines their molecular
relationship. bﬂs.rrwmrem!agy 2000;136:523-510 £523.

A, et al the rale of
the 620W allele of protein fyrosine phosphatase PTPN"?. in Crohn's
disease and multiple sclerosis. Ewr J Hum Gener. 2006:14:317-321.

. Duers RH, Taylor KD, Brant SR, et al. A genome-wide association

study identifies IL23R as an inflammatory bowel disease gene. Sci-
ence. 2006;314:1461-1463.

. Frarke A, Balschun T, Karlsen TH. et al. Replication of signals from

recent studies of Crohn's disease identifies previously unknown dis-
ease loci for ulcerative colitis. Nar Genet. 2008:40:713-715,

Hamipe I, Franke A, R iel P, et al. A g id

scan of nonsynonymous SNPs identifies a snsctpti'hi]ily varian: for
Crobm disease in ATGI6L1. Nar tiener. 2007;39:207-211.

¢ 0, Lenicek M. Dusatkova P. et al. Varanis of CARDIS,

TNFA and PTPN22 and susceptibility to Crohn's disease in the Czech
population: high frequency of the CARDIS 1007fs. Tissue Amigens,
2008:71:538=547.

. Latiano A, Palmieri O, Valvano MR, et al. Evaluating the role of the genetic

variations of FTPN22, NFKB1, and FeGRIIIA genes in inflammatory bowel
disease: a meta-aalysis. Inflarn Bowel Dis, 2007;13:1212-1219,

. Letre G, Rioux JD. Awoimmune diseases: insights from genome-

wide association studies, Hum Mol Gener, 2008, 1TR116-121.

. Libioulle C, Louis E, Hansoul 5, et al. Novel Croln disease locus iden-

tified by genome-wide association maps to a gene desert on Spl3.1 and
modulates expression of PTGERA. PLaS Genet. 2007;3:258.

. Martin MC, Oliver I, Urcelay E. et al. The functional genetic variation

in the PTPN22 pene has a negligible effect on the susceptibility to de-
velop inflammatory bowel disease. ?’mw r\megms ‘ZDCIS 66:3|d-31".r
Massey DC, Parkes M. G
two autophagy genes, ATGI6L1 and IRGM. as being significantly
associated with Crohn's disease. Autophagy. 2007;3:640-651,

. Mathew CG. New links to the pathogenesis of Croln disease provided

by penome-wide association scans. Nat Rev Genet. 2008,9:9-14,

. Parkes M, Barrett JC, Prescott NI, et al. Sequence varants in the

autophagy pene IRGM and multiple other replicating loci contribute
to Croln's disease susceptibility. Mar Gener, 2007;39:830-832.

et al. A general m\,urimmmi:y gene
(PTPN22) is not associated with inflammatory bowel disease in a Brit-
ish population. Tissue Amtigens. 2005:66:318-320.

. Raelson JV, Little RD, Ruether A, et al. Genome-wide association

study for Crohn's disease in the Cruebec Founder Population identifies
multiple validated disease loci. Proc Nail Acad Sei U § A. 2007:104:
14747-14752.

. Rioux JD, Xavier RJ, Taylor KD, et al. Genome-wide association

study ldentlfm new susceptibility lom for Crohn disease and impli-
cates in disease at Gener. 200739 596604,

PTPN2I R620W varation reduces phosphorylation of lymphoid phos-
phatase on an inhibitory tyrosine residue. J Biol Chem. 2010;285:
26506-25618.

40,

Silverberg MS, Cho JH, Rioux D, et al. Ulcerative colitis-risk loci on
chromosomes 1p36 and 12915 found by penome-wide association
study. Nat Genet, 2009;41:216-220.

2293

pustications |G



Revisiting the genetic puzzle of autoimmune diseases

Diaz-Gallo et al

Inflamm Bowel Dis ® Volume I7. Number Il November 2001

41.

Torkamani A, Topol EJ, Schork NJ. Pathway analysis of seven common dis-
eases assessed by penome-wide association. Genomics, 2008:92:265-172.

- ovaet Oene M, Winitle RF, Lin X, e al. Association: of the lymphoid

phosphatase RE20W vanant with rheumatoid arthntis, but not Croln's dis-
ease, in Canadian populations. Arthritis Rheren. 2005;52:1903-1998,

. Wagenleiter SE. Klein W, Griga T, et al. A case-control siudy of tyro-

sine phosphatase (PTPN22) confirms the lack of association with
Crobn's disease. Int Jf Immunogener. 2005;32:323-324

- Yamazaki K, McGovemn D, Ragoussis J, et al. Single nucleotide poly-

maorphisms in TNFSF13 confer susceptibility to Crohn's disease, Hum
Mol Gener, 2005:14:3499-3506,

3 McGDvcm DP, Gardet A, Torkvist L, et al. Genome-wide association

ifies multiple
2010;42:332-337.

colitis loci. Nat Gemer.

. Wang K. Baldassano R, Zhang H, et al. Comparative genetic analysis

of inflammatory bowel disease and type 1 diabetes implicates multiple
loci with opposite effects. Hum Mol Gener. 2010;19:2059-67.

. Morgan AR, Han DY, Huebner C, et al. PTPN2 but not PTPN22 is

associated with Crohn's disease in a New Zealand population. Tissue
Amtigens. 2010;76:119-125.

2294

48,

49,

. Diaz-Gallo LM, Palomino-Morales RJ,

Rose NR. Predictors of disease: and
beyond, Awtalmmunity, 2008 Al -115'-4.3
Ch 1L D3 as wols to aim at

immune tolerance in Ihﬁ cliic. Int Rev bumunol. ZEIJ6 25:215-233,

. Behr MA, Divangahi M, Lalande ID. What's in a name? The (mis)lab-

elling of Crobn's as an autoimmune disease, Lancer, 2010:376:202-203,

. Gomez LM, Anaya IM. Martin 1. Genetic influence of PTPNIZ RE20W

orphism in tuberculosis. Huen frenwnal. 2005;66:1242-1247,

polym
. Lamsyah H, Rueda B, Baassi L, et al. .Asscma‘wn of PI'FN‘IZ gene

functional variants with devel of p I in
Moroccan population. Tisswe Aniigens. 2009 74 228-“31

. Dean M, Carnngton M, O'Brien 5J. Balanced polymorphism selected

by genetic versus infectious human disease. Amnu Rev Genomics Hum
Genet, 2002;3:163-292.

. Brant SR. Exposed: the genetic underpinmings of ulcerative colitis rel-

ative to Crolm's disease. Gastroenterology. 2009;136:396-399.

‘Gomez-Garcia M, et al.
STAT4 gene infl penetic predisposi o ul ive colitis but
not Crohn's disease in the Spanish population: a replication study.
Hum fumunol. 2010,71:515-519.

pustications |G



Revisiting the genetic puzzle of autoimmune diseases

SUPPLEMENTAL TABLES

PUBLICATIONS

Supplementary Table 1. Allele frequencies distribution of the R263Q polymorphism in three Caucasian
cohorts according to the clinical classification variables of CD"**” and healthy controls.

Population Clinical Variable (N) 2N G % A % pvalue OR 95% CI
Diagnosis Age A (248)
<16 (A1) 66 64 9697 2 303 094 139 039 5
17 - 40 (A2) 332 317 9548 15 4.52 0.19 1.52 0.88 2.62
>40 (A3) 98 95 9694 3 3.06 095 126 043 3.72
Disease Location L (482)
Ileal (L1) 416 395 9495 21 5.05 041° 1.68 1.04 2.7

Spain Colonic (L2) 178 171 96.07 7 393 0.58 141 0.66 2.9
Ileocolonic (L3) 370 356 9622 14 378 0.53 127 0.73 2.22
Upper GI Tract (L4) 40 40 100.00 O 0.00 - - - -
Disease Behavior B (340) 680 651 9574 29 4.26
Perforating (B3) 198 191 9646 7 354 0.78 1.26 0.59 2.68
Stricturing (B2) 90 88 9778 2 222 0.61 1.02 0.29 3.63
Inflammatory (B1) 392 372 9490 20 510 0.29° 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 5 329 0.61 148 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 4 238 0.86 1.1 042 296
Disease Location L (425)
Tleal (L1) 226 220 9735 6 265 097 116 0.5 2.67
Dutch Colonic (L2) 206 203 9854 3 146 032 0.72 0.24 2.15

Tleocolonic (L3) 418 409 9785 9 215 0.6 0.89 044 1.81
Upper GI Tract (L4) 92 91 9891 1 1.09 037 0.79 0.15 4.1
Disease Behavior B (446)
Perforating (B3) 194 189 9742 5 258 098 1.15 047 2.83
Stricturing (B2) 372 364 9785 8 2.15 0.61 0.9 043 1.89
Inflammatory (B1) 326 319 9785 7 215 0.63 091 042 1.99
Controls (863) 1726 1681 97.39 45 2.61
Diagnosis Age A (497)
<16 (A1) 112 111 9911 1 0.89 039 042 0.06 3.19
17 - 40 (A2) +>40 (A3) 882 862 97.73 20 227 0.75 1.1 0.61 2.02
Disease Location L(493)

New Zealand® Ileal (L1) 576 568 98.61 8§ 139 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 9734 15 2.66 043 133 0.69 2.54
(B2+B3) 430 424 98.60 6 140 038 0.75 0.31 1.81
Controls (559) 1118 1095 9794 23 2.06

*Only showed the available data. "The meta-analysis calculated through the fixed effects model for each clinical
variable did not show significant associations. ‘FDR 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"**” and healthy controls.

Population  Clinical Variable (N) 2N C % T % pvalue OR 95%CI
Diagnosis Age A (248)
<16 (A1) 66 60 909 6 9.1 045 158 0.69 3.59
17-40 (A2) 332 316 952 16 48 0.17 074 044 124
>40 (A3) 98 95 969 3 3.1 015 057 02 1.68
Disease Location L (482)
leal (L1) 416 394 947 22 53 026 0.8 0.51 1.25
Colonic (L2) 178 170 955 8 45 024 073 036 146

Spain Ileocolonic (L3) 370 349 943 21 57 044  0.87 0.55 1.37
Upper GI Tract (L4) 40 39 975 1 25 029 0.69 0.13 3.54
Disease Behavior B (340)

Perforating (B3) 198 187 944 11 56 052  0.88 048 1.62
Stricturing (B2) 90 84 933 6 67 098 1.14 051 2.55
Inflammatory (B1) 392 373 952 19 48  0.15 074 046 1.19
Controls (1685) 3370 3143 93.3 227 6.7

Diagnosis Age A (697)

<16 (Al) 654 620 948 34 52 5.4E-03° 0.53 0.36 0.77
17-40 (A2) 578 551 953 27 4.7 1.8E-03° 048 031 0.72
>40 (A3) 162 146 90.1 16 99 091 1.1 063 1.85
Disease Location L (417)

Heal (L1) 220 211 959 9 41  0.06° 044 0.23 0.86
Colonic (L2) 206 194 942 12 58 008  0.62 0.34 1.13

Dutch Ileocolonic (L3) 408 374 91.7 34 83 043  0.87 0.59 129
Upper GI Tract (L4) 84 80 952 4 48 0.3 058 022 1.52
Disease Behavior B (435)

Perforating (B3) 186 175 941 11 5.9 0.1 0.64 0.34 1.18
Stricturing (B2) 364 343 942 21 58 0.8 0.6 0.38 095
Inflammatory (B1) 320 294 919 26 81 041  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 94 087 094 048 1.86
17 - 40 (A2) _ _ - . - . - -
>40 (A3) - . - . - . - .
Disease Location L(461)

New Zealand" Ileal (L1) 542 504 93.0 38 7.0 044° 0.68 047 1
Colonic (L2) 380 351 924 29 76 018  0.75 0.49 145
Ileocolonic (L3) _ - - - - _ - _ -
Upper GI Tract (L4) - - - - - - - - -
Disease Behavior B (465)

Inflammatory (BI) 528 492 932 36 6.8  036° 0.66 0.45 0.98
(B2+B3) 402 371 923 31 77 0.19 132 087 2
Controls (563) 1126 1014 90.1 112 9.9

Pooled"™* Diagnosis Age

<16 (A1) 826 776 939 50 6.1 0.038° 0.64 047 0.88
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Disease Location
Tleal (L1) 1178 1109 94.1 69 59 9E-03° 0.64 049 0.84

*Only showed the available data. "Meta-analysis calculated through the fixed effects model and only showed the
most relevant results. “FDR 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. Al 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"®?” and healthy controls.

Population Clinical Variable (N)° 2N G % A % pvalue OR 95%CI
Diagnosis Age A (212)
<16 (A1) 12 12 100 0 0 - - - -
17 - 40 (A2) 232 229 9871 3 1,29 0,01 0,53 0,18 1,54
>40 (A3) 180 176 97,78 4 222 047 085 033 2,22
Spain Disease Extension E (388)
Ulcerative Proctitis (E1) 64 63 9844 1 1,56 046 094 0,19 4282
Left-side UC (E2) 398 391 9824 7 1,76 0,12 0,62 0,29 1,3
Extensive UC (E3) 314 306 9745 8 255 054 089 044 1.8
Controls (1685) 3370 3263 96,82 107 3,18
Diagnosis Age A (406)
<16 (A1) 76 74 9737 2 263 099 146 04 534
17 - 40 (A2) 546 535 97,99 11 2,01 044 0,82 043 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 9921 1 0,79 0,21 0,58 0,11 298
Left-side UC (E2) 204 196 96,08 8 392 0,28 1,67 0,79 3,53
Extensive UC (E3) 398 390 97,99 8§ 201 049 0,84 04 1,77
Controls (834) 1726 1681 97,39 45 2,61
Diagnosis Age A (481)
<16 (A1) 52 52 100 O 0 - - - -
17 - 40 (A2) +>40 (A3) 910 899 98,79 11 1,21 0,14 0,61 0,29 1,24
New Zealand®  Djsease Extension E 476)
Ulcerative Proctitis (E1) + Left- 384 380 9896 4 1,04 02 05 0,17 146
side UC (E2)
Extensive UC (E3) 568 561 98,77 7 123 023 0,65 0,28 1,49
Controls (559) 1118 1095 97,94 23 2,06

*Only showed the available data. "The meta-analysis calculated through the fixed effects model for each clinical
variable did not show significant associations. “FDR 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!"*?” and healthy controls.
Population Clinical Variable (N)° 2N C % T % pvalue OR 95%CI

Diagnosis Age A (212)
<16 (A1) 12 10 8333 2 033 0,17 3.8 094 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 1,5 091 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 9347 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 (Al) 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 0.018 0,55 0,37 0,82
>40 (A3) 196 186 9490 10 0,10 0.351° 0,55 029 1,05

Dutch Disease Extension E (359)
Ulcerative Proctitis (E1) 122 111 90,98 11 0,18 0,83 1 054 1,88
Left-side UC (E2) 200 188 94,00 12 0,12 0,097 0,64 036 1,17
Extensive UC (E3) 396 377 9520 19 0,10 0.018 0,5 031 08
Controls (834) 1668 1508 160
Diagnosis Age A (431)
<16 (Al) 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 Zealand®  Disease Extension E (426)

Ulcerative Proctitis (E1) + Left-side 532 476 8947 56 021 0,52 115 075 1,78
UC (E2)
Extensive UC (E3) 320 292 91,25 28 0,18 0,52 0,89 0,58 1,37
Controls (563) 1126 1014 112

*Only showed the available data. "The meta-analysis calculated through the fixed effects model for each clinical variable did
not show significant associations. “FDR correction p-value (based on nine comparisons)
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P Interestingly. a recent work showed that the T allele of the rs7574865 STAT4
SNP was associated with inflammatory bowel disease (IBD) in a Spanish population, The aim of the present
study was to reevaluate the role of the STATY rs7574865 polymorphism on 1BD. The present case-control
study included 498 Crohn's disease (CD) patients, 402 ulcerative colitis (UC) patients, and 1296 healthy
matched controls, Genotyping was performed using a PCR system with a pre-developed TagMan allelic
discrimination assay for the rs7574865 STAT4 SNP. Moreover, a meta-analysis was performed with the
previous work in a Spanish population and the current study, including a final sample size of 1574 [BD
patients (820 with CD and 754 with UC) and 2012 healthy contrals. Mo evidence of association was found for
the current case-contral study (CO: p = 0.23,0R = 09,955 Cl = 0.75-1.1; UC: p = 0.17,0R = 1.14,95% (1 =
0.95-1.38). However, the meta-analysis showed that the STAT4 rs7574865 T allele was significantly associ
ated withsusceptibility to UC (p = 0.012 poaled ; OR = 1,20, 955 C1 = 1.04-139) but not CO/(p = 0.71 poaled;
OR = 093, 95% CI = 0,65-1.34), Our data suggest that the rs7574865 STAT4 SNP is a genetic susceptibility
variant for UC but not CIYin the Spanish population.

4 2010 American Society for Histocompatibility and Immuncgenetics, Published by Elsevier Inc. All rights

reserved.

1. Introduction

Crohn's disease {CD) and ulcerative colitis (UC) are the main
types of inflammatory bowel disease (IBD). They are relapsing and
chronic inflammatory disorders that result from the complex inter
action of genetic, immune, and environmental factors [1-4]. De-
spite the fact that there is an increasingly list of genetic factors
associated with IBD, it is estimated that the current number of loci
associated with IBD represents only a small fraction of the genetic
risk. Thus, additional genetic contributions clearly remain to be
discovered [3,5-12].

The signal transducer and activator of transcription 4 (STAT4)
is an interesting candidate gene that may play a role in the
genetic background of IBD for two principal reasons. First, STATS
is an important player in directing T helper cells toward the Thl

* Corresponding author.
E-mail address: martingiploesices (). Martin).

and Th17 lineages, both of which are implicated in autoimmune
processes, including IBD pathogenesis [13-19]. Second, recent
findings suggest that the STAT4 gene may be a common genetic
factor in autoimmunity [20,21] Thus, the STAT4 gene was first
associated with a genetic predisposition to systemic lupus ery-
thematosus (SLE) and rheumartoid arthritis (RA), with a single
nucleotide polymorphism (SNP) of STAT4 intron 3 (rs7574865)
showing the strongest effect [22-26). Subsequent works have
found similar results with different autoimmune diseases, such
as type 1 diabetes, Sjogren's syndrome, and systemic sclerosis
[27-29]. Interestingly, a recent work showed that the T allele of
the STAT4 rs7574865 was associated with 1BD in a Spanish pop-
ulation [30]. However, the statistical power of this study was low
(705 for each disease), and the significance of the association
quite modest (p=0.03 for each disease [CD and UC]). On this
basis, we aimed to re-evaluate the possible role of the STAT4 gene
in IBD susceptibility through an independent replication study
and meta-analysis.

0198-8859/10/532.00 - see front matter & 2010 American Society for Histocompatibility and Immunegenetics. Published by Elsevier Ine, All rights reserved.

doi: 101016/ humimm. 201 0.02.005
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2. Subjects and methods
21, Study population

Atotal of 900 unrelated Spanish patients with [BD (498 with CD
and 402 with UC) and 1296 gender-, age-, and ethnicity-matched
healthy controls were included in the case-control study. The pa
tients were recruited from Hospital Universitario Virgen de la
Nieves (Granada), Hospital Clinico San Cecilio (Granada), Hospital
Virgen de la Victoria(Malaga) and Hospital Universitario Central de
Asturias [Oviedo). IBD was diagnosed according to standard clini
cal, endoscopic, radiologic, and histopathologic criteria [31,32].
Written informed consent was obtained from all participants. The
study was approved by the ethics committeea of the hospitals.

2.2, STAT4 genotyping

DNA from patients and controls was obtained vsing standard
methods. Samples were genotyped for the rs7574865 polymor-
phism via Tagman 5" allelic discrimination assay technology using
a predesigned SNP genotyping assay provided by Applied Biosys-
tems [Part number: C__ 29882391 _10, Foster City, CA, USA) as de
scribed previously [24]. All samples were genotyped in the same
center to avoid genotyping inconsistencies and to verify the geno
typing consi: y: random les were genotyped twice, show-
ing 99% identical genotypes |24|.

2.3. Data analysis

Deviation from Hardy-Weinberg equilibrium (HWE) was tested
by 37 analysis using the program FINETI (http:/{ihg2.helmholtz
muenchen.de/cgi-binfhwihwal.pl). The differences in genotype
distribution and allele frequency among cases and controls were
calculated by 2x2 contingency tables and Fisher's exact test. The p
values, odds ratios {OR) and 95% confidence intervals (Cl) were
calculated using Starcale software (Epi Info 2002; Centers for Dis-
ease Control and Prevention, Atlanta, GA). To evaluate possible
associations with the genetic polymorphism and clinical features
(Table 1), a univariate analysis using y* or Fisher's exact test was
used. Values of p < 0.05 were considered statistically significant.
Analyses were conducted using the SPSS software package v.15.0
[SPSS Ine., Chicago, 1L).

The analysis of the combined data from all populations was
pedformed using StatsDirect software, V26,6 (StatsDirect. htp:f{
www.statsdirect.com. England: StatsDirect 2008.). The summa-
rized OR and Cls were obtained by means of both the random
(DerSimonian-Laird) and the fixed (Mantel-Haenszel meta-analysis)
effect models. The random effect model was chosen because it
assumes that there is a distribution of true effect sizes rather than
one true effect and thus assigns a more balanced weight to each
study [32]. The homogeneity of ORs among cohorts was calculated
using Cochran's Q test [34]. The estimation of the power of the
study was performed using Quanto v0.5 software [ Department of
Preventive Medicine University of Southern California, Los Angeles,
CA).

3. Results

To re-evaluate the association of the STAT4 rs7 574865 polymor-
phism in an independent Spanish cohort, 498 CD patients, 402 UC
patients and 1296 healthy controls were genotyped for this SNP.
Clinical features of the patients are shown in Table 1. The genotype
and allele distributions for the STAT4 57574855 genetic variant in
the studied Spanish population are represented in Table 2. The
frequencies of the STATS 1s7574865 polymorphism were in Hardy—
Weinberg equilibrium in both healthy controls and 1BD patients.
The minor allele frequency (MAF) of this SNP in the control group
did not significantly deviate from the frequency in the European
data from either the International Hapmap Project (MAF

Table 1
Clinical features of patients with [BD
[0i] uc
Total number 498 402
General characteristics
Male (%) 543 552
Age. y, (mean + 5D 421 =139 466> 159
Age at onset, y (mean = 5D 31.9= 139 288 = 226
Smoking habits (%)
Never A6.6 633
Ex/current 534 367
Extra intestinal manifestations (%) 378 41.7
Surgery (%) 479 1
Montreal criteria | 28.29]
Diagnosis age (%)
<16(A1) 99 -
17-40[A2) 6856 =
=40 [A3) 213 =
Disease bocation [ %)
Tleal (L1) 403 =
Colonic (L2) 176 -
Tleocolonic (13) 394 -
Upper Gl tract (L4) 26 -
Disease behavior (%)
Inflammatory (B1) 380 -
Structuring (B2) 22 =
Perforating (B3) 389 -
Disease extension (%)
Ulcerative proctitis (E1) - 168
Left-side UC (E2) - 393
Extensive UC(E3) - 43.9
Disease severity (%)
Clinical remission {50} - 217
Mild UC (51) - 40.7
Moderate UC(52) - 303
Severe UC (53) = 1.3

Abbroviations CD, Crehn's disease, UC, ulcerative coliis, Gl, gastromtestinal

rs7574865, 20.8%; http:{fwww.hapmap.org) or the healthy con-
trols from previously reported works [22,24 -249],

The STAT4 157574865 T allele frequency showed a slight increase
inUC patients (23%) compared with healthy controls [20.8%), How:
ever, there were no statistically significant diffe rences between UC
patients and controls (p = 0.17; OR = 1.14 95%, Cl = 0.95-1.38).
Similarly, the MAF of CD patients [19%) was not significantly dif-
fered with respect to that of healthy controls (p = 0.23; OR = 0.9
95%, Cl = 0.75-1.1) (Table 2).

To improve the statistical power and to determine the common
effect size of the STAT4 polymorphism on CD and UC, Spanish
patients, a meta-analysis was performed with the current work and
the study reported by Martinez et al. [30]. Heterogeneity was ob-
served in the meta-analysis for the STAT4 genetic variant and CD
(p=0013,Q = 6.21,dl = 1). This was mainly due to the difference
in the T allele frequency between the patients of each study (ie.,
23% in the Martinez et al. study and 19% in the current work).
Therefore, only the random-effects model for the meta-analysis in
CD patients, which displayed no statistically significant difference
between groups, should be considered (p = 0.71, pooled OR = 1.07,
958 Cl =0.74-1.54) (Fig. 1).

In contrast, heterogeneity was not observed in the UC meta
analysis (p = 0.42, Q = 0,64, df = 1). The combined analysis under
the fixed and random-effect models showed evidence for an asso-
ciation of the STAT4 rs7574865 T allele with UC (p = 0,013, pooled
OR = 1.20,95% Cl = 1.04-1.39) (Fig. 2).

To address whether the STAT4 variant rs7574865 affects clinical
manifestations of both CD and UC, a univariate analysis was per-
formed to compare its frequency in terms of gender, age at onset,
extraintestinal manifestations, surgery, and the Montreal classifi
cation criteria, However, no association was found between the
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Table 2
Genotype and allele frequendies of the rs7574865 STAT4 polymorphism in healthy controls and CD and UC, Spanish patients
STATH rs7574865 Controls n = 1296 (%) (D n = 498(%) p Value OR (965 C1) UCn = 402 (%) p Value OR (95% C1)
GG 813(62.7) 320(643) 0.55 1.07 (0.86-1.32) 241(59.9) 032 0.89(0.70-1.12)
GT 428(33) 167 (335) 0.54 1,05 (0.82-1.28) 137 (341) 0.69 1.05 (DE3-133)
s 55(432) 11(22) 0.04 0.55 (0.20-1.04) 24(6) 0.15 1.46 (0.59-2.40)
G 2054(79.2) 807 (81) 023 1.12 (0.93-1.34) 619(77) 017 0.87(0.72-1.06)
T 538(20.8) 189(19) 023 0.90(0.75-1.08) 185 (23) 017 1.14(0.95-138)

Abbresiations: CI, Crohn's disease, LIC, ulcerative colites, O, confidence interval; OR, odds ratio

STAT4 157574865 genetic variant and the phenotype of either [BD
disease [data not shown).

4. Discussion

Confidence in genetic association studies is partly supported by
their reproducibility among populations obtained via replication
studies [35,36]. Meta-analysis provides a robust tool for resolving
contradictory results and increasing the statistical power in genetic
association studies [35.36]. In the present study, we used both
approaches to evaluate the role of the rs7574865 polymorphism of
the STAT4 gene in IBD in Spanish patients.

According to the results of the meta-analysis, the rs7574865 T
allele may be considered a genetic risk factor in the development of
UC However, the results of both the present case-control study and
the meta-analysis do not replicate the association between the
STATA rs7574865 genetic variant and CD reported by Martinez et al.
The lack of concordance in the results from these independent
association studies is probably due to their low statistical power;
when considered individually, the statistical power of these two
studies did not rise above than 72% foreach disease. In contrast, the
power of the meta-analysis is 98% for CD and 97% for UC. This power
supports the findings of (1) the lack of association between the
157574865 STAT4 polymorphism and CD and (2] the identification
of the T allele as a risk factor for UC, Indeed, CD and UC share many
characreristics. As some clinical features also distinguish them,
however, they likely share some genetic susceptibility loci but
differ at others [5]. Along with this line (and excluding the MHC
region), a number of genetic loci (e.g, polymorphisms in the
ATGI6LT, IRGM, MIF, IL23R, and IL12B genes) associated with both
diseases have been described. Meanwhile, the NODZ gene, which is
strongly associated with CD, is not a risk factor for UC susceptibility.
However, the ECM1, ARPC2, and IL-10 genes as well as regions on

chromosomes 1p36, 2q24-37, and 12q15 are mainly associated
with UC [3,5-10] These differences may be caused by pleiotropic
effects of specific genes on a common polygenic and multifactor
background [20,21,37]. The distinct influence of the STAT4 gene on
IBD risk observed in our study provides an example of the differ

ences in genetic background between these two intestinal inflam

matory disorders.

The STAT4 gene is located on the 2q32.2 region of the human
genome Chttp:ffwww. hapmap.org), and the genome-wide linkage
study performed by Barmada et al. [10] showed a linkage with the
2q24-q37{D251776{D251391) locus only for UC, The WTCCC study
genotyped 40SNPs present inthe 221-q32 region for CD, showing
that none of these SNPs was significantly associated with disease
susceptibility [38]. The lack of association between these 40 SNPs in
the 2q31-q32 locus and CD strengthens our suggestion of the
genetic influence of the STAT4 variant in UC only. In other genetic
association studies, polymorphisms in the ECM1, ARPCZ, IL-10, and
MYOOE genes and 1p36, 2q24-g37 (D2S1776/D251391) and
12q15 genome regions have been associated with UC but not CD
[3.5,6,8-1039].

Accumulating evidence indicates that STAT4 is a pathogenic
factor in [BD, both in murine models [40,41] and in human beings
[18]. Mice that constitutively express Star4 develop chronic trans-
mural colitis [40], and increased levels of constitutive STAT4 were
observed in mucosal cells from UC patients [18]. It has been sug-
gested that the CD presents a Th1/Th17 cytokines response in
contrast to the Th2 type response in UC [2,42,43]. However to
understand the influence of the rs7574865 STAT4 variant in the
different immunologic pathways in [BD, further functional stud
ies are needed. Nevertheless, a difference between the amount of
phosphorylated STAT4 present in cells of affected tissues from CD
and UC patients was described [17,18,44]. Based on this, we spec-

OR (95% CI) P value

089 (0.74-1.08) p= 023

1.07 (0.74-1.54) p= 0.716

MAFin  MAFin
Study  Controls  Patlents
Name  noN (%) nizN (%)
Marti TTN432  150/644
m:.lr;ofn z:m oy . — 129 (1.03-163) p= 0,029
Current work S38/2592 189/996 ——
21 e
Combined
frandaom] 7
o's :

Fig. 1. Forest plot for met lysis of the T allele

[rsI5 74865 STATY polymorphism] in Spanish CD patients, Common effect size, odds ratios. with 9% confidence

intervals were calculated by the DerSimonian-Laird method, under the random effect model. Filled squares represent the studies in relation to their weights,
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OR (95% Cl) P value

—.— 1.29(1.02-1.54) p = 0029

101104139 p=017

120104139 p = 00125

518
MAFin  MAFin
Study  contrels  Patients
Name  n;aN (%) n/2N (%)
Martinezetal, 27211432 163/704
2008 (10} 23)
Currentwork  538/2592 18504
21 (2
Combined
frandom)
[
03

2

Fig.2. Forest plot for meta-analysis of the T allele frequency (rs7574865 STATY polymorphism) in Spanish UC patients, Commeon effect size, odds ratios. with 95% confidence
intervals were calculated by the DerSimonian-Laird method, under the random effect model. Filled squares represent the studies in relation to their weights.

ulate that the T allele of the rs7574865 polymorphism could indi-
rectly influence the mechanisms of STAT4 phosphorylation and, in
turn, different profile of active cytokines in UC and CD. Moreover,
the rs7574865 STAT4 polymorphism could influence the STAT4
transcription rate by disrupting a transcription factor binding site
or a binding site for modified histone proteins [19,22-24]. A corre-
lation between the STAT4 expression levels in peripheral blood
mononuclear cells from SLE patients and the SNP rs7574865 has
previously been demonstrated [24]. Together, these ideas suggest
that the STAT4 gene may be involved in dysregulation of the im
mune response in UC patients. Further genetic association studies
in other populations with different genetic backgrounds that use
different functional approaches are needed to fully clarify the role
of STAT4 in the genetics of IBD.
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ABSTRACT

Objective The interleukin 2 [£-2) and mtereukin 21
W-27} locus at chromaosome 4g27 has been associated
with several autoimmune diseases, and bath genes are
related to immune system functions. The aim of this
study was to evaluate the role of the #-2/-27 locus in
systemic sclerosis [SS5c).

Patients and methods The case contral study
included 4493 53¢ Caucasian patients and 5826 healthy
cantrals frem eight Caucasian populations {Spain,
Germany, The Netherlands, USA, Italy, Sweden, UK and
MNareay). Four single nucleatide polymerphisms
{rs2069762, rsbB22844, rsbB25457 and rs907715) were
cenatyped using Taghan allelic discrimination assays.
Results We observed evidence of association of the
rsBB22844 and 13907715 variants with global 8¢
{p.=6.6E-4 and p,=7.2E-3, respectivelyl. Similar
statistically signifi iations were ot i for the
limited cutaneaus form of the disease. The conditional
regression analysis suggested that the most lkely genetic
variation respansible for the association was the
rsB822844 polymorphism. Consistently, the rs20697624-
r68228441-rs6835457G-rs9077151 alelic comirnation
showed evidence of asscoiation with SSc and limiteg
cutaneous S5e subtype {p.=1.7E.03 and p,=8E-4,
respectively),

Conclusions These results suggested thak the /-2/-21
lecus influences the genetic susceptitility to SSc.
Moreover, this study provided further support for the
t-2/-27 locus as a common genetic factor in
autaimmune diseases.

INTRODUCTION

Interleukin 2 {ff-2) and interleukin 21 ({/f-21) are
equally attmctive biclogical candidates that may
influence the pathogenesis of autoimmune diseases.
Both ae cytokines involved in the pwoliferation of

Ann Rhewn O 2013, 72:1233-1238. doi10.11368/anmheumdis- 2012202357

Tand B lymphocytes and different immunological
activation pathways.! Moreover, the f1-2 and 1124
genes cover a region of approximately 200 kb that
maps in the 4g27 locus. fL-2 has an important role in
the maintenance of immune system homeostasis
and self-tolerance. This cytokine has two paradexical
roles: promoting T cell proliferation and terminating
Teell responses. Moreover, [L-2 facilitates the produe-
tion of immuneglobulins through B cells and induces
the differentiation and proliferation of natural killer
cells.! ? fL-2¢ is a potent immunomodulatory cyto-
kine with pleiotropic effects on both innate and
adaptive immune responses, These actions include
the follewing positive effects: enhanced proliferation
of lympheid cells, increased cyrotoxicity of CD8 T
cells and natural killer cells, and differentiation of B
cells into plasma cells. [L-2¢ is also produced by T
helper 17 (Th17) cells and is a critical regulator of
Thi7 dew.]npme.‘!'-_.1 % Genetic association studies
have demonstrated that several [L-2/[1-21 poly-
morphisms influence the sk for autoimmune dis-
eases (AlDs). The first evidence of this association
was found in type 1 diabetes, Graves’ disease, coeliac
diseases and rheumatoid arthsitis® 7 These results
have been eonfirmed through replieation studies in
different populations and extended to other auto-
immune diseases, such as inflammatory bowel dis-
eases, glant cell amhritis, psoriasis and systemic
lupus erythematosus (SLE).% 7

Systemic sclerosis ($5¢) is a chuonic fibrotic auto-
immune disease in which patients are commonly
classified into the following two major subgroups
that are related to the specific autoantibodies against
several nuclear and/or nucleolar antigens: (i) limited
cutaneous S5¢ {lcSSc), which is related to the posi-
tive status of anticentiomere autoantibodies (ACA)
and (ii) diffuse cutaneous (deSSc), which is related
o the positive status of  antitopoisomerase
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autoantibodies (ATA)." * Mare than 40 susceptibility loci to §5
have been identified during the last 10 years, Half of these variants
need to be replicated in different populations and many of these
variants are shared among different AlDs, especially SLE** * In
this regard, one single nucleotide polymorphism (SNI) of the IL-2
gene was proposed as risk factor to 1eSSe subL),l'pe,""‘S but this asso-
ciation has not been confirmed by other studies. Moreaver the
IL-24 gene has been implicated as a potential driver of AlDs and
recently a fine-mapping in SLE demonstrated that variants of the
IL-2/1L-21 region are implicated in the genetic susceptibility to
SLE.' ' Thus, the aim of this study was to evaluate the influence
of the fL-2/1L-21 region in S5c genetic susceptibility.

PATIENTS AND METHODS

Subjects

This case-control association study was comprised of 4493 5S¢
patients and 5896 controls of Caucasian ancestry. The discover
cohort included the Spanish group, which consisted of 1176
$5c patients and 1721 healthy controls. The follow-up phase
consisted of the following subjects: 609 SS¢ cases and 426 con-
trols from Germany, 365 SSc cases and 734 controls from the
Netherlands, 916 5S¢ cases and 884 contmls from USA, 595
SSc cases and 1107 controls from Italy, 225 S5¢ cases and 273
controls from Sweden, 374 5S¢ cases and 436 controls from the
UK and 102 5S¢ cases and 278 controls from Norway. There
was an overlapping of 1726 55¢ and 2578 controls with the pre-
vious CWAS in 55¢.% The patients fulfilled the 1980 American
College of Rheumatclogy classifica * o1 the

tion criteria for SSe
eriteria proposed for early 55 In addition, the patients were
classified as having leSSc or deSSc as described by LeRoy o al ¥
The following clinical data were collected for the ascertainment
of the clinical phenotype of the 5S¢ patients: age, gender and
presence of SSc-specific autoantibodies (Ab; ACA and ATA).
The control population consisted of unrelated healthy indivi-
duals recruited in the same geographical regions as the $Sc¢
patients, and they were matched by age, sex and ethnicity
with the $Sc patient groups. The study was approved by local
ethical committees from all the participating centres. Both
patients and controls were included in the study after written
informed consent was obtained.

SNP Selection and genotyping

Four SNPs of the JI-2/IL-24 region were selected for this study.
The rs2069762 SNP was selected because it has been suggested
to be a genetic factor of [c55¢ subtype susceptibility by a study
in a small Italian cohort.” SS¢ and SLE share some immunoge-
netic pathways; thus, the rs6822844, 136835457 and rs907715
IL-2/1L-2¢ polymorphisms were studied because they are the
most associated variants in a recent fine-mapping of the region
in SLE."?

DNA from the patients and the controls were extracted from
peripheral white blood cells following standard procedures. The
samples were genotyped for the rs2069762, rs6822844, rs6835457
and 15907715 IL-2/IL-21 region polymorphisms using predesigned
SNP genotyping assays from Applied Biosystems (Assay IDs:
C__15859930_10, C__28983601_10, C__1597475_10 and
C__ 8949748 _10, respectively). TagMan SNP genotyping was per-
formed using a 7900HT Real-Time PCR system from Applied
Biosystems following the manufacturer’s suggestions (Foster City,
California, USA). In all the cohorts, the genotyping success rate
was greater than 95%, and randomly selected samples were geno-
typed twice to verify the genotyping accuracy: Ninety-nine per
cent of the genotypes were identical.

1234

Statistical analysis
The Hardy-Weinberg equilibrium was tested for all the SNPs in
all the studied populations. Significance was calculated using
2%2 contingency tables and Fisher's exact test or the o test
when necessary to obtain p values, ORs and 95% Cls using
PLINK (V1.07) software {(http:/prgu.mgh.harvard.edu/purcell/
plink/).%® The p values less than 0.05 wese considered to
be statistically significant. The Bonferroni correction was
applied to the significant p values and referred in the text as
Pe {Peormecred)- Cochran-Mantel-Haenszel meta-analysis was per-
formed to control the differences among populations as imple-
mented by the PLINK software, In addition, the Breslow-Day
test (BD) test) and the Higgins' test (%) were performed using
the PLINK software in each meta-analysis. The random-effects
model was checked in the significant BD Py, analysis. The
dependency of the association between each SNP and every
studied genetic variant was determined by a conditional logistic
ion analysis (considering the different cohorts as covari-
ates) using the PLINK software. Linkage disequilibrium (LD)
patterns between the four studied SNPs were estimated by the
expectation-maximisation algorithm using HAPLOVIEW (V4.2;
Broad Institute of MIT and Harvard) and PLINK software, To
evaluate the allelie combination difference between cases and
controls, the conditional haplotype-based associations test was
applied using the FLINK software® The statistical power of
the combined analysis was between 91% and 99% for all the
SNPs, allowing for the detection of associations with an OR
egual to 1.2 at a 5% significance level and the lowest minor
allelic frequency, according to the Power Caleulator for Cenetic
Studies 2006 software, which uses the methods described by
Skol et al®

RESULTS

The cases and controls of the eight Caucasian populations
were in Hardy-Weinberg equilibrium at a 5% significance level.
Additionally, the minor allelic frequencies of the four studied
SNPs were similar to those reported by the HapMap pmiject
for the Utah residents with ancestry from northern and western
Europe (CEV) population (http:/hapmap.ncbi.nlm.nih.gov/).
The LD structure of the eight cohorts is shown in the supple-
mental material (see online supplementary figure §1).

First, an association study was conducted in a Spanish case-
control set, and a significant association was observed between
the 15907715 SNPs minor allele and the global SSc (p.=0.03,
OR=(185 95% CI 0.8 to 0.9) and the 1cS5¢ subtype (p.=0.04,
OR=0283 95% CI 0.7 to 09). A trend of association was
observed between the minor allele of the rs6822844 SNP and
the global 5S¢ (prau.=0.04, OR=0284 95% Cl 0.7 to 1) and
[eSSc subtype {pyaue.=U0.04, OR=0.79 95% CI 0.7 to 0.9). Also
a trend of association was detected between the minor allele of
136835457 and IcSSc subtype in this population (pya..=0.03,
OR=0.87 95% CI 0.8 to 1). In contrast, no association was
observed with the rs2069762 SNP (pyai,.=0.8 for both SSc and
1cSSc) (see online supplementary tables S1-53). Based on these
observations, we decided to evaluate other Caucasian cohorts
and to perform a meta-analysis.

Table 1 shows the meta-analysis results for the IL-2/IL-24
SNPs, the global SSc, the main SSc subtypes, the ACA and
the ATA antibedies positive status. The combined analysis
showed that the minor allele frequencies of the rs6822844
and rs907715 SNPs were significantly higher in controls
than in SSc¢ (p.=6.6E-04 OR=0.86 95% CI 0.79 to 0.93 and
p.=7.2E8 OR=091 95% CI 0.85 to 0.96, respectively)
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Table 1 Genotype and minor allele frequencies of meta-analysis of four /£-2/-27 SNPs located in SSc patients and healthy controls from European
and US populations

N %) Allele test
SNP 12 Subgroup [N} 1" 12 272 MAF [%) p Value® Pt OR (CI 95%)F
52069762 GiA Controls (n=5482) 510 {4.30) 2266 (41.34) 2106 {49.36) =87
S5c in=4281) 428 (10.02) 1778 [41.53) 2074 {48.45) 0.8 0.08 A 1.06 {0.99 10 1.13)
Ic$Se {n=2847) 265 [10.18) 1203 (41.53) 1399 {48.29) 085 0.08 A 1.06 {0.99 10 1.14)
deSSc {n=1384] 134 {9.68) 575 {41.55) 675 148.77) 3046 0.3 NA 1,05 {0.96 to 1.15)
ACA+ [n=1736) 170{8.78) 730 {42.05) B35 {48.16) 30.82 0.25 NA 1,05 {0.97 to 1.14)
ATA+ [n=1031} 4 (812) 426 (891.51) B9 {49.37) 8T 0.95 A 1.00 {0.90 to 1.11)
56822844 AL Contrals (n=5792} 148 {257) 1475 [2.47) 4168 {71.96) 15.31
SSe n=4407)"" BB (222) B85 (£2.60) FN3 0808 1362 1IEm 6.6E-04 0.86 {079 1o 0.83)
IeSSe (n=2977)*** 67 {2.25) 659 (22.14) 2251 (75.61) 13.32 1.5E-04 6.0E-04 0.84 {0.76 to 0.92)
deSSe (n=1430) 314217 337 (23.57) 1062 (74.27) 13.95 0.06 NA 0.89(0.7910 1)
ACA+ (n=1763) 38 {2.16) 395 (22.40) 1330 (75.44) 13.36 0.01 0.06 0.87 {0.78 to 0.97)
ATA+ (n=1074) 29 {2.70) 257 (23.93) 788 (73.37) 14.66 0.67 NA 0.97 {0.85 to 1.11)
156835457 G/A Controls {(n=5720} 668 {11.68) 2507 (43.83) 2545 (44.49) 33.59
SSc (n=4392)**** 445 {10.13) 1908 (43.44) 2039 (46.43) 31.85 0.013 0.05 0.93 {0.87 to 0.98)
IcSSc (n=2965)***** 312 {10.52) 1255 (42.33) 1398 (47.15) 31.69 0.014 0.06 0.92 {0.86 to 0.98)
deSSe (n=1427) 133 (9.32) 653 (45.76) 641 {44.92) 3220 0.28 NA 0.95 {0.87 to 1.04)
ACA+ (n=1765) 186 (10.54) 756 (42.83) 823 {46.63) 31.95 0.12 NA 0.94 {0.86 to 1.02)
ATA+ (n=1064) 113 (10.62) 481 {45.21) 470 {44.17) 3322 0.99 NA 1.00 {0.90 to 1.10)
15907715 T Controls {(n=5644) 670 {11.87) 2491 (44.14) 2483 (43.99) 33.94
SSc (n=4341)##5x 437 {10.07) 1883 (43.38) 2021 {46.56) 31.76 1.8E-03 7.2E-03 0.91 {0.85 to 0.96)
IcSSc (n=2929)***+#+* 307 {10.48) 1236 (42.20) 1386 (47.32) 3158 2.7E-03 0.01 0.90 {0.84 to 0.96)
deSSe (n=1412) 130 (9.21) 647 (45.82) 635 {44.97) 3212 0.14 NA 0.93 {0.85 to 1.02)
ACA+ (n=1744) 180 {10.32) 754 {43.23) 810 {46.44) 31.94 0.05 NA 0.92{0.85 o0 1)
ATA+ {n=1056) 109 {10.32) 475 {44.98) 472 {44.70) 3281 0.48 NA 0.96 {0.87 1o 1.07)

*All p values have been calculated for the allelic model.

**Breslow-Day pya.s=0.29. Higgins’ test {12 =17.3%. Random-effects model pyy,,=8.8E-04 p.=3.5E-3 Random-effects OR=0.86.
***Breshw-Day P, =016 F=33.9% Random-efects model py,, =4.1E-03. Randon-effects OR =0.84,

*++*Broglove-Day P, =006, F=48,6% Random-gfiects model p,,.,., . Random-effects OR estimate =0.93.

** o= Braslow-Day Py, =008, 1°=43.4% Random-cHects model py, 11. Random-efiects OR estimate =092,

Breslow-Day P, =0.02. IF=58% Random-effects model py,,=0.08. Random-cfiects OR estimate =0.91.

“Breslove-Day .., =0.09. P =43.7% Random-effects model p,,,,, =0.05% Random-effects OR estimate =0.91,

#1F it is applicable, Bonferroni corection is shown

20R for the minor allele,

ACA, anti ibodies: ATA. antitopo: al ibodies; deSSe, difuse cutaneous $5¢; NA, not applicable; SNE single nucleotide pol hi
SSc. systemic sclenss.

and lcSSc patients {p.=6E-4 OR=0.84 95% CI (.76 to .92 status  (Puae=0.01 OR=0.87 95% Cl 078 to 097 and
and p.=001 OR=0.9 95% Cl (L84 to (.96, respectively). Poaue=005 OR=0.92 95% Cl 0.85 to 1, respectively). The
A trend of association was observed in the meta-analysis for 136835457 SNFP also had a trend of association with global
the rs68220844 and rs6835457 warlants and ACA pos 5S¢ and 1eS5¢ (pran.=0.01 OR=0.93 95% CI 0.87 to 0.98 and

Table 2 Conditional logistic regression analysis for the J-2/1L-27 SNPs located in SSc considering the eight European and US populations as

covariate
r2 with rs6822844
Group of MAF  MAF p value of each SNP p value of rs6B22844 The
analysis SNP Cases Controls conditioned by rs6822844 conditioned by each SNP  Spain Germany Nethedands USA Italy Sweden UK Norway
$Sc
rs2069762  0.31 0.30 0.69 1.30E-03 0.06 0.06 0.09 0.07 007 0.11 0.06 0.09
rs6835457  0.32 0.34 043 0.024 025 037 0.38 0.36 028 048 0.37 049
rs907715 0.32 0.34 0.19 0.026 026 0.37 0.39 036 029 039 0.37 049
leSSc
rs2069762  0.31 0.30 0.69 9.07E-04 - - - - - - - -
rs6835457  0.32 0.34 053 0.014 - - - - - - - -
rs907715 0.32 0.34 03 0.015 - - - - - - - -
ACA+
152069762 031 0.30 0.64 0.015 - - - - - - - -
rs6835457  0.32 0.34 0.81 0.061 - - - - - - - -
rs907715 0.32 0.34 0.56 0.063 - - - - - - - -
ACA, anticentromere ibodies; IcSSC, limited SSc; MAF, minor allelic ies; SNP. single ide polyr i SSc, systemic sclerosis.
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Peae=0.01 OR=0.92 95% CI 0.86 1o 0,98, respectively). We
did not detect any signifi association  between the
186835457 or 12069762 SNFs a he global SSc diseases or
its o ent phenotypes (for de d information see supple-
mentary tables 51 through 53). It is worth noting that the
miner I* percentage was observed in the meta-analysis for the
rs6822844 SNP with SSe {17.3%) and [eSS¢ {33 9'*‘.] suggest-

ing that the varation between the populations is moderate

ive status due o the

the diseases and probably the ACA posi
wend of association observed betw 136822844 poly-
morphism and this phenotype. Although, study had suffi-
clent statistical power for both deSSc and ATA analysis (95%
and 91%, respectively), we observed that there were not signifi-
cant associations between the four [L-2/]L-2¢ SNPs and deSSe
or ATA positive status, The ORs exhibited the same direction
as the significant associations with SS¢ and leSS¢, suggesting

Moreover, these analyses were the only ones that remained
significant in the random-effect model {rs6822844 and SSc
3, 186822844 and 1eSSe p,=0.016).

i gistic rf_grt,sswn analysis was used to ider
\o\hlf"\ SNF could be the causal SNF for the observed associa-
tions between the studied polymorphisms. The association of
each SNP was evaluated using the populations as covariates,
and the association was conditioned to the rs6822844 SNP
because the lowest pyaye and strongest effect (OR) were
observed in this locus. Pairwise conditional analysis showed
that the association of the rs907715 SNP was explained by the
136822844 effect, because only the latter SNP remained signifi-
cant after conditioned to each other (18907715 conditioned
Poae=0.19; rs6822844 conditioned pyaue=0.026). Moreover,
the rs2069762 and rs6835457 SNPs exhibited significance only
when conditioned to the rs6822844 SNP. These results sug-
gested that the rs6822844 signal could explain the association
observed in the I1-2/IL-21 locus (table 2).

Finally, the results of the conditional haplotype-based associ-
ation testing are shown in table 3. The allelic combination
formed by the rs2069762 major allele and the rs6822844,
rs6835457 and rs907715 minor alleles was significantly
increased in the controls compared with the global SSc
(p.=17E-3, OR=0.89 95% CI 0.81 to 0.98), the 1eSSe subrype
{p.=8E-4, OR (.86 95% CI 0.77 1o (196) and the ACA positive

status  (p,=27E-2, OR=086 95% CI 075 w 0O
Interestingly, the OR observed for this analysis was not differ-
ent from the one observed in the allelic test. Moreover, the

significant effect of the omnibus analyses for SS¢, 1e5Sc and
ACA positive status disappeared when they were controlled
by the rs6822844 SNP (puue of the likelihood ratio test
were: Puane=0.66 for global SS¢, praw.=074 for 1cSSc and
Prane={.93 for ACA+).

DISCUSSION
Our study suggests for the f time the influence of
the 136822844 polymorphism of the JL-2/1L-24 region in suscep-

tibility to SS¢. This variant also influences the leSSec subtype of

that an increment in the sample size with future studies could
show a significant relation between the [L-2/L-2¢ SNPs and
deSSe or ATA. Interestingly, the rs6322844 variant was asso-
clated in the same OR direction as that observed in SLE. The
minor allele of this var is more frequent in healthy donors
than in SSc patients, 1cSSc subtype subjects and SLE
patients.'? 1 The logistic regression and the allelic combination
analyses support that the rs6822844 SNP association was
responsible for the observed associations. The rs2069762A-
136822844 T-1s6835457G-rs907715T  allelic combination was
associated as a protective factor to SS¢, 1cSSc¢ subtype and ACA
positive status, which is the same effect observed for the T
allele of the rs6822844. Importantly, the ORs observed for this
allelic combination were not different from the ORs observed
for the rs6822844 SNP analysis. These observations were
slightly different from the results of the SLE study performed
by Hughes er a/*> where the observed association between
IL-2/IL-21 region and SLE could be explained by the rs6835457
and rs907715 SNPs. Together, these results support the idea
that the common genetic factors in autoimmune diseases may
be associated at a regional level but differ in the specific SNPs
associated with each disease, including the magnitude and dir-
ection of the association.®! 3% Although, the logistic regression
test and the allelic combination analyses conditioned by the
136822844 SNP suggest that variant is responsible for
association observed in the n; we cannot totally
a slight rwle of the r1s6835457 and rs%07715 polymorphisms
in SSc due to the moderate LD between them and the
16822844 SNE

The rerSZZLM and 156835457 SNPs are located in the
ed region of IL-24, and the 3907715 poly-
morphism is loc.m.d in intron 3 of the [L-2¢ gene. In contrast,
the rs2069762 SNP is located in the |
egion of JL-2, which did not exhibit sigr i}
SS5¢, the subtypes of the disease or the antibodies’ status,
The rs2069762 mi 'm\ allele has been previously associated with
the c$Sc subtype.” Our study has a conﬂdt.'ably larger sample
size than the previous study; therefore the previously reported

Table 3 Conditional hapl hased analysis of four f£-2/IL-21 SNPs located ding to di Ic8Sc di subtype and ACA
status and considering the elght European and US populations as covariate

Frequency Frequency Frequency
Allelic
combinationt Controls S$Sc¢  OR {Cl 95%) P* Pct Ic$Sc  OR {Cl 95%}) P* Pct ACA+ OR {Cl 95%) P* Pct
AGGT 0.182 0.181  -ref- —** - 0.181 -ref- —Er - 0.183  -ref- —EEEE
ATGT 0.152 0.133 0.89 (0.81 t0 0.98) 4.12E-04 1.65E-03 0.131 0.86 (0.77 to 0.96) 2.01E-04 8.04E-04 0.132 0.86{0.75t00.98) 6.81E-03 2.72E-02
CGAC 0.298 0.306 1.04{0.96 0 1.12) 0.18 NA 0.308 1.03(0.94t01.13) 0.2 NA 0.308 1.02(0.92t01.14) 0.27 NA
AGAC 0.369 0.379 1.04(0.96t01.13) 0.1 NA 038 1.03{094101.13) 012 NA 0377 1.02{0.91t01.13) 0.4 NA

tThe order of the SNPs is rs2069762, rs6822844, rs6835457, rs907715.
*Pyae OF the likelihood ratio test Based on WHAP method.?®

1If it is applicable, Bonferroni correction is shown. Not applicable {NA).
**Omnibus test X2=14.5 (df=3); p value=2.35E-03; Pc=9.4E-03.
***Omnibus test X2=14.5 {df=3); p value =2.32E-03; Pc=9.28E-03.
****Ommbus test X2=8.92 (df 3); p value=0.03; Pc=0.12.
ACA, ies; lcSSc, limited

1236

SSc; SNP single nucleotide polymorphisms; SSc, systemic sclerosis.
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ne system makes

these 18 > genetic component of
autoimmune diseases.’ 3 3 Our results increase the evidence
that have showed that the 156822844 is significantly associated
with multiple autoimmune diseases.'® ©® According to the
HapMap project for the CEU population (http:/hapmap.ncbi.
nlm.nih.gov/), the rs682284 polymorphism tags seven other
variants located along the IL-2/IL-21 region (rs18132245,
1313122573, rs4459999, rs13151961, rs13140464, rs6814280
and rs2069778), but clear evidence that connects any of these
variants with the IL-2 and/or JL-2¢ regulation is lacking.
Together, all point out these genetic variants as good candidates
for functional studies in SSc¢ pathogenesis and in other auto-
immune diseases.

Although, the combined analyses of the rs6822844 poly-
morphism did not show heterogeneity (BD poane=0.29.
17=17.3%) between the eight European populations, a weak
point of our study is that we did not have enough data available
to control the association by principal component. Furthermore,
as we mentioned before, an increment in the sample size for
the stratified analysis could define in an accurate way the role
of the studied variants in different clinical manifestations of
SSc¢ as their influence in the presence of coautoimmunity.
Consequently, it is necessary to replicate the actual observation.

To conclude, consistent with previous studies on auto-
immune diseases, the JL-2/IL-21 region is a susceptibility
genetic factor for SSc and its [cSSc subtype. The rs6822844
polymorphism confers the best association signal for SSc. It is
also worth mentioning that this study shows the importance
of the study of different populations and broad collaboration to
find the missing heritability for relatively rare diseases like SSc.
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Supplementary Figure 1. LD plot based on the r* values for the eight European and US
American descendent populations.
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Supplementary Table 1. Genotype and minor allele frequencies of meta-analysis of four fL2-IL27 SNPs
located in Gaucasian SSc patients and healthy contrals from Europe and USA.

Genotype, N {3%) Allele test

SNP  Allles  Population 11 12 212 '&}F Pyalué®  P* OR[CIS%F

Spain

Controls (n=1718) 157 (9.15) 698 (40.69) 861(50.15) 295

5S¢ (n=1148) 108 (9.40) 463(4073) 573(48.87) 2877 083 NA  1.01[0.90-1.14]

Germany

Controls (n=411} 26 (633) 164 (39.90) 221(5377) 2628

55¢ (n=591) 53(081) 238(40.27) 205(49.92) 2995  0.07 NA  1.20[0.98-1.46)

The Netherlands

Controls (n=655) 56 (8.54)  266(40.55) 334(50.91) 2881

5S¢ (n=242) 30(8.77) 133(38.89) 179(5234) 2822 078 NA  0.97[0.79-1.19)

UsA

Controls (n=864) 84 (9.72) 358 (41.44) 422(48.84) 3044

S5¢ (n=918) B7 (9.50) 379(41.38) 450(49.13) 3019 0.87 NA 0.99 [0.85-1.14]
152069762 /A jpary

Controls (n=1024) 131 (1279) 453 (44.24) 440(4287) 3491

5S¢ (n=573) 83(14.48) 261(4555) 229(30.97) 3726  0.18 NA  1.11[0.85-129)

Sweden

Controls (n=262)  20(763) 97(37.02) 145(5534) 2615

SS¢ (n=195) 13(667) 77(30.49) 105(5385 2641 093 NA  1.01[0.75-137)

UK

Controls (n=371) 31 (8.36)  145(30.08) 195(5256)  27.9

5S¢ (n=415) 39(9.40) 177 (4265) 199(47.95) 3072 022 NA  1.15[0.92-143]

Norway

Controls (n=277} 14 (505)  125(45.13) 138(49.82) 2762

55¢ (n=100) 11(11.00) 45(45.00) 44(4400) 335 012 NA  1.32[0.83-187)

Combined

Controls (n=5432) 510 (9.30) 2266 (41.34) 2705 (49.36) 2997

5S¢ (n=4281) 429(10.02) 1778(41.53) 2074 (4845) 3079  0.08 NA_ 1.06[0.99-1.13)

Spain

Controls (n=1721) a4 (1.08) 351 (20.40) 1336 (77.63) 1217

5S¢ (n=1178) 10(085) 225(19.13) ©41(80.02) 1042  0.04 016  0.84[0.71-0.89]

Germany

Controls (n=423)  ©(213)  108(2577) 305(7210) 1501

5S¢ (n=605) 12(198) 139(2298) 454(7504) 1347 032 NA  0.88[0.69-1.13)

The Netherlands

Controls (n=734) 27 (368) 194 (26.43) 513(69.85) 1689

5S¢ (n=355) 16(4.38) 67 (26.53) 252(69.04) 17.67 0.65 NA 1.06 [0.84-1.33)

usa

Controls (n=884) 22 (249) 243 (27.49) 619(7002) 1623

5S¢ (n=916) 14(153) 244(2664) 658(7183) 1485 025 NA  0.50[0.75-108)
156222844 TIG gy

Controls (n=1107) 22 (1.99) 260 (24.30) 216(73.71) 1414
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5S¢ (n=595) 14(235)  108(17.31) 478(2034) 11.01 001 004 0.75[0.60-093]

Sweden

Controls (n=273}  7(256)  S2(30.70) 174(6374) 1941

5S¢ (n=225) 13(578) 61 (27.11) 151(67.11) 1933 097 NA  0.59[0.73-138)

UK

Controls (n=372) 15 (4.03) 123 (33.06) 234(6290) 2056

S5 (n=424) 14(330) 101(23.82) 308(7288) 1521  0.01 002 0.69[0.54-090]

MNorway

Controls (n=273) 13 (468) 94 (33.81) 171(6151) 2158

55 (n=101) 5(495) 26(2574) 70(69.31) 1782 026 NA  0.79[052-1.19)

Combined

Controls (n=5792) 149 (2.57) 1475(25.47) 4168 (71.98) 1531

1.66E-  6.63E-

S5¢ (n=4407) 98(222) 996(2260) 3313(75.18) 1352 04 04 0.86[0.79-0.93]

Spain

Controls (n=1835) 206 (1215) 721 (42.54) 768 (45.31) 3342

SS¢ (n=1171) 105(8.97) 514(43.85) 552(47.14) 3091 005 018 0.89[0.80-1.0)

Germany

Controls (n=423) 33 (7.75) 185(43.43) 208(48283) 2946

5S¢ (n=609) 67(11.00) 247(40.56) 295(48.44) 3128 038 NA  1.09[0.80-132)

The Netherlands

Controls (n=717)  87(12.13) 284 (30.61) 346(48.26) 3194

SS¢ (n=358) 37(10.34) 162(45.25) 159(4441) 2296 063 NA  1.05[0.87-127)

usa

Controls (n=884) 83 (9.95) 405 (45.81) 391(4423) 3286

5S¢ (n=915) 96(10.48) 418(4568) 401(4323) 3333 076 NA  1.02[0.89-1.17)
156835457 G/A  jpary

Controls (n=1076) 143 (13.28) 479 (4452) 454(4219) 3555

1.96E-  7.83E-

SS¢ (n=587) 59(10.05) 237(40.37) 291(4957) 3024 03 03 0.79[0.67-0.82]

Sweden

Controls (n=271}  30(11.07) 121 (4465) 120(44.28) 3339

5S¢ (n=220) 25(11.36) 84(4273) 101(4591) 3273 8%51& NA  0.97[0.74-127)

UK

Controls (n=374)  46(12.30) 182 (48.66) 146(39.04) 3663

5S¢ (n=430) 48(11.16) 193 (44.88) 189(4395 336 2'?1515 NA 0.28 [0.71-1.08]

MNorway

Controls (n=277)  35(12.64) 130 (46.93) 112(40.43) 361

35¢ (n=102) 8(7.84)  43(4216) 51(50.00) 2892  0.06 NA  0.72[051-102)

Combined

Controls (n=5720) 663 (11.68) 2507(43.83) 2545(44.49) 3350

5S¢ (n=4392) 445 (10.13) 1908(43.44) 2039(46.43) 3185  0.01 005 0.93[0.87-098)

Spain

Controls (n=1851) 208 (1252} 723 (43.53) 730(4395 3429

SSic (n=1144) 103(0.00) 499(4362) 542(47.38) 3081 s.x;gE- 003 0.85[076-096]

Germany

Controls (n=407) 32 (7.86)  176(43.24) 199(48.89) 2948
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rs907715

TG

5S¢ (n=598)

The Netherlands
Controls (n=703)
SS¢ (n=351)
usa

Controls (n=882)
5S¢ (n=913)
Italy

Controls (n=1053)
SS¢ (n=584)
Sweden
Controls (n=270}
5S¢ (n=218)

UK

Controls (n=374)
55¢ (n=438)
Norway

Controls (n=273)
5S¢ (n=599)
Combined
Controls (n=5644)

5S¢ (n=4341)

65(10.87) 244 (40.80)

85(11.99) 283 (39.92)
35(9.97)  159(45.30)

83(9.08) 401 (45.48)
97(10.62) 416 (45.56)

146 (13.73) 476 (44.78)

52(8.90) 244 (41.78)

29(10.74)  119(44.07)
24(11.11) 89 (41.20)

47(1257) 183 (48.93)
53(12.16) 189 (43.35)

35(1256) 130 (46.76)
8(808) 43 (43.43)

B70(11.87) 2491 (44.14)

289 (48.33)

341 (48.10)
157 (44.73)

393 (44.56)
400 (43.81)

441 (41.49)

288 (49.32)

122(45.19)
103 (47.69)

144 (38.50)
194 (44.50)

113 (40.65)
48 (48.48)

2423 (43.99)

437 (10.07) 1883(43.38) 2021 (46.56)

327

3195
azez2

azm
a4

3612

26,79

3278
am

37.03
3383

3597
28

3394

31.76

0.39

075

0.66

241E-
04

072

08

1.79E-
03

7.16E-
03
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1.09[0.90-1.3)
1.08 [0.85-1.25]
1.08 [0.90-1.18]
0.75 [0.64-0.87]
0.95 [0.73-1.25]
0.87 [0.71-1.07]

0.76 [0.53-1.07)

0.91 [0.85-0.96]

*All P-values have been calculated for the allelic model. *Ifitis applicable, Bonferroni correction is shown °Odds ratio for the minor

allele.
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¥ Table 2. Genotype and minor allele frequendes of meta-analysis of four IL2-1L21 SNPs located in Caucasian SSc

subtypes and healthy controls from Europe and the USA.

ype, N (35) Allele test
SNP  Alleles Population 1" 112 212 "{';‘)F Poalue P® OR[CI95%]
Spain
Controls (n=1716} 157 (9.15)  698(40.69) 861(50.15) 295
1eSS¢ (n=782) 74(9.46)  320(40.92) 388 (49.62) 2992 0.76 NA  1.02[0.85-1.17]
deSSce (n=367) 34(9.26)  148(40.33) 185(50.41) 2943 0.87 NA 1.0[0.84-1.18)
Germany
Controls (n=411} 26(6.33)  164(39.90) 221(5377) 2628
165S¢ (n=348) 38(10.92) 143{41.09) 167 (47.99) 31.47 0.03 010 1.29[1.02-1.61]
deSSc (n=243) 20(8.23) 95(39.08) 128 (5267) 2778 0.55 NA 1.08 [0.84-1.39]
The Netherlands
Controls (n=556) 56{3.54) 266(40.55) 334 (50.91) 2881
16SS¢ (n=234) 21(897) 86(36.75) 127(54.27) 27.35 0.55 NA  0.93([0.73-1.18)
deSSce (n=108) 9(8.33)  47(4352) 52(4815)  30.09 0.70 NA  1.06[0.78-1.48]
USA
Contrels (n=264) 84(9.72) 358(41.44) 422(48.84) 3044
1655¢ (n=595) 48(8.07) 254(4269) 203(49.24) 2941 0.55 NA  0.95([0.81-1.12]
deSSe (n=321) 39(12.15) 125(38.94) 157 (48.91) 3162 0.58 NA  1.06(0.87-1.29]
rs2089762  C/A  ltaly
Controls (n=1024) 131 {12.79) 453(44.24} 4404297} 3491
165Se (n=418) 68 (16.27) 186{44.50) 164(39.23) 3852 0.07 NA  1.17[0.99-1.28]
deSSc (n=155) 15(9.68)  75(48.39)  65(41.94) 3387 0.72 NA  0.95[0.74-1.23]
Sweden
Controls (n=262) 20(7.63) 97(37.02) 145(55.34) 2615
1c55¢ (n=14%) 10(6.71)  56(37.58) 83 (55.70) 255 0.84 NA  0.97 [0.70-1.34]
deSSc (n=46) 3(6.52)  21(4565) 22(4783) 2935 0.52 NA 117 [0.72-1.91]
UK
Controls (n=371) 31(8.36)  145(35.08) 195(52.56) 279
1c55¢ (n=305) 30(9.84)  125(40.98) 150(49.18) 3033 0.33 NA  1.13[0.88-1.42]
deSSe (n=110) 9(8.18)  52(47.27) 49(4455) 3182 0.26 NA  1.21[087-1.67]
Norway
Controls (n=277} 14(5.05)  125(45.13) 138 (49.82) 2762
1655¢ (n=66) 6(9.09)  33(50.00) 27(4091) 3409 0.14 NA  1.36(0.90-2.08]
deSSc (n=24) 5{14.71) 12 (35.29) 17 (50.00) 3235 0.4 NA 1.25[0.73-2.15)
Combined
Controls (n=5482)  510(9.30) 2266 (41.34) 2706 (49.36) 2997
16SSe (n=2897) 205(10.18) 1203(41.53) 1399(48.29) 3095 0.09 NA  1.06 [0.99-1.14]
deSSc (n=1384) 134(9.68) 575(41.55) 675(48.77) 3046 0.31 NA  1.05[0.96-1.15)
Spain
Controls (n=1721} 34 (1.98)  351(20.40) 1336(77.63) 1217
1eSS¢ (n=805) 7{(0.87) 145(18.01) 653(81.12) 9.876 0.02 012 0.79[0.65-0.96]
deSSe (n=371) 3(0.81)  80(21.56) 288(77.63) 1159 0.66 NA  0.95[0.74-1.21]
Germany
Controls (n=423) 9{213)  108(2577) 305(7210) 1501
1cS5¢ (n=357) 5(1.40)  81(2269) 271(7591) 1275 0.20 NA  0.83[062-1.11]
deSSc (n=248) 7(282)  58(2339) 183(73.79) 1452 0.81 NA  0.96(0.70-1.32]
The Netherlands
Contrels (n=734) 27(3.68) 194(26.43) 513(89.89) 1689
1658 (n=248) 12 (4.34) 58(2339) 178(71.77) 1653 0.85 NA  0.97[0.74-1.28]
deSSe (n=117) 4(342)  39(33.33) 74(83.25)  20.09 0.23 NA  1.24([0.87-1.75]
UsA
Controls (n=2834) 22(249) 243(2749) 619(70.02) 1623
1cS5S¢ (n=505) 8(1.34) 159(26.72) 428(71.93) 1471 0.26 NA  0.89[0.73-1.09]
deSSc (n=321) 6(1.87)  85(26.48) 230(71.65) 1511 0.51 NA  0.92([0.72-1.18]
rs6822844  GT  ltaly
Controls (n=1107)  22(1.99)  269(24.30) 816(73.71) 1414
165S¢ (nmd31) 8(1.86)  77(17.87) 346(20.28) 1079 0.01 005  0.73[0.57-0.94]
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deSSc(n=164) 6(366)  26(1585) 132(80.49) 1159 0.21 NA  0.80[0.56-1.14]

Sweden

Controls (n=273) T(256)  92(3370) 174(8374) 1941

1eSS¢ (n=164) 13(7.93)  50(30.49) 101 (61.59) 2317 0.19 NA  1.25(0.90-1.75]

deSSc(n=61) 0(0.00)  11{18.03) 50(81.97) 9.016 0.01 002 0.41[0.21-0.79]

UK

Contrels (n=372) 15(4.03)  123{3208) 234 (6290) 2056

1655¢ (n=311) 11(3.54) 74(2379) 226(7267) 1543 0.01 0.06  0.71[0.52-0.83]

deSScn=113) 3(265)  27(2389) 83(73.45) 146 0.05 MA 066 [0.44-1.00]

MNorway

Controls (n=278) 13(4.68)  94(3381) 171 (61.51) 2158

1655¢ (n=686) 3(455)  15(2273) 48(7273) 1591 0.15 NA  0.69[0.41-1.14]

desSSe (n=25) 2(5.71) 11(31.43)  22(6286) 21.43 0.58 NA  0.99[0.54-1.82]

Combined

Contreds (n=5792)  149(2.57) 1475(2547) 4168(71.96) 1531

6.0E-

1655¢ (n=2977) 67(2.25) 650(2214) 2251(7561) 1332 15E-04 04  0.84[0.76-0.92]

deSSce n=1430) 31(217)  337(2357) 1062(74.27T) 1395 0.06 NA 089 [0.79-1.0]

Spain

Controls (n=1695) 206 (12.15) 721(4254) 768 (4531) 3342

1655¢ (n=800) 74(9.25) 338(4225) 388 (48.50) 3038 0.03 007  0.87 [0.76-0.99]

deSSc (n=271) 31(8.36) 176(47.44) 164 (44.20) 3208 048 NA  0.94[0.79-1.12]

Germany

Controls (n=426) 33 (T.75)  185(43.43) 208(48.83) 29.46

16SS¢ (n=350) 39(10.86) 139(3872) 181(50.42) 3022 0.74 NA  1.04[0.83-1.29]

deSSe (n=250) 28(11.20) 108{43.20) 114(4560) 328 0.20 NA 1,17 [0.92-1.48]

The Netherlands

Controls (n=717} 27(12.13) 284(39.61) 346 (48.26) 31,94

1655¢ (n=243) 20(11.93) 106(4262) 108 (44.44) 3374 0.46 NA  1.09[0.87-1.35]

deSSc (n=115) 8(6.96) 56 (48.70) 51 (44,35) 33 0.85 NA 0.97 [0.72-1.31]

usa

Controls (n=884)  88(9.95)  405(45.81) 591 (44.23) 3286

1c55¢ (n=595) 60 (10.08) 276(46.39) 250 (43.53) 3328 0.81 MA  1.02[0.87-1.19]

deSSc (n=320) 36(11.25)  142(44.38) 142(44.38) 3344 0.79 MA  1.03[0.85-1.24]
1s6835457  G/A  taly

Controls (n=1076) 143 (13.28) 479(44.52) 454 (42.19) 3555

125S¢c (n=428) 45(10.51) 167(39.02) 216(50.47) 3002 39E-03 002 0.728[0.66-0.92]

deSSc (n=159) 14(8.81) 70(44.08) 75(47.17) 3082 0.10 MA  0.81[0.63-1.04]

Sweden

Controls (n=271)  30(11.07)  121(44.65) 120 (44.28) 3339

1685¢ (n=162) 21 (12.96) 69(4250) T2(44.44) 3426 0.79 MA  1.04[0.78-1.39]

deSSe (n=58) 4 (6.90) 25(43.10)  29(50.00) 2845 0.30 NA 079 [0.51-1.23]

UK

Conlrols (n=374) 46 (12.30) 182(48.66) 146(30.04) 3663

16SS¢ (n=311) 38 (12.22) 135{4241) 132 (4437) 3392 0.20 NA  0.89[0.71-1.11]

deSSc (n=119) 10(8.40) 58(48.74)  51(4286) 3277 0.28 MA  0.84[0.621.15]

Norway

Controls (n=277)  35(12.64) 130(46.93) 112(40.43) 361

1e55¢ (n=67) 6 ({8.96) 25(37.31) 36(53.73) 2761 0.06 NA 0.62 [0.45-1.02]

deSSe (nmas) 2(s71)  18(51.43)  15(4286) 3143 0.44 NA  0.81[0.48-1.28]

Combined

Controls (n=5720) 668 (11.68) 2507 (43.83) 2545 (44.49) 3350

16S5¢ (n=2965) 312(10.52) 1256 (42.33) 1398 (47.15) 3160 0.01 0.06  0.92[0.86-0.98]

deSSc (n=1427) 133(9.32) 653{4576) 641 (44.92) 322 0.28 NA 0.95 [0.87-1.04]

Spain

Controls (n=1661) 208 (12.52) 723{4353) 730(43.95) 3429

1e5S¢ (n=780) 73(9.36) 327(41.92) 380(4872) 3032 0.01 002  0.83[0.73-0.85]

deSSe (n=264) 30(8.24) 172(47.25) 162(44.51) 3187 0.21 NA  0.90[0.76-1.08]

Germany

Controls (n=407)  32(7.86)  176(43.24) 199 (48.89) 2948

1655¢ (n=352) 37 (10.51) 137({3892) 178(50.57) 2997 0.84 NA  1.02[0.82-1.28]

deSSce (n=246) 28(11.38) 107(4250) 111(45.12) 3313 0.17 NA  1.19[0.93-1.51]
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The Netherlands

Contrels (n=709)  85(11.99)  283(39.92)
1655¢ (n=236) 28(11.86) 100(4237)
deSSe (n=115) 7(6.09) 509 (51.30)
usa
Controls (n=882)  88(9.98)  401(45.46)
16SS¢ (n=593) 60(10.12) 274(46.21)
deSSc (n=220) 37 (11.56) 142(44.38)
rs907715 TG Italy
Controls (n=1063) 146 (13.73)  476(44.78)
1c55¢ (n=426) 42(9.86) 173(40.61)
deSSe (n=158) 10(6.33)  71(44.94)
Sweden
Controls (n=270) 20(10.74)  119{44.07)
1655¢ (n=160) 19(11.88) 67 (41.88)
deSSe (n=56) 5(8.93) 22(39.29)
UK
Conlrols (n=374) 47 (12.57)  183(48.93)
16SS¢ (n=317) 42(13.25)  133(41.96)
deSSc (n=119) 11(9.24)  56(47.06)
Norway
Controls (n=278)  35(12.59)  130(46.76)
$S¢ (n=99) 8(208)  43(43.49)
165S¢ (n=65) 6(9.23)  25(33.46)
Combined
Contrals (n=5644) 670 {11.87) 2481(44.14)
1eS5¢ (n=2929) 307 (10.48) 1236 (42.20)
deSSc (n=1413) 130 (9.21)

341 (48,10)
108 (45.76)
49 (42561)

390 (44.56)
250 (43,68)
141 (44.06)

441 (41.49)
211 (49.53)
77 (48.73)

122 (45,19)
74 (46.25)
29(51,79)

144 {38.50)
142 (44.79)
52(43.70)

113 (40.65)

48 (48.48)
34(5231)

2483 (43.99)
1386 (47.32)

31.85
33.05
.74

azn
3322
3375

3612
3016
288

3278
azs
2857

37.03
3423
3277

3597
298
28.46

3394
3158

0.66
0.85

Q.77
0.63

2.0E-03
0.m

0.99
0.39

0.28
023

012
0.1

2.73E-
03

£

£5

0.0
0.04

£

£3

NA
NA

001

PUBLICATIONS

1.05 [0.84-1.31]
0.99 [0.73-1.34]

1.02 [0.88-1.20]
1.05 [0.87-1.27)

0.76 [0.64-0.91]
0.72 [0.55-0.93]

1.00 [0.75-1.35)
0.82 [0.52-1.28]

0.88 [0.71-1.10]
0.83[0.61-1.13]

0.76 [0.53-1.07]
0.71 [0.47-1.08]

0.90 [0.84-0.96]

647(45.82) 635(44.97) 3212 0.14 NA 093 [0.85-1.02]

*All P-values have been calculated for the allelic moded. "If it is applicable, Bonferroni comection is shown. “Odds ratio for the minar

aliele.
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[ y Table 3. Genotype and minor allele frequencies of meta-analysis of four JL2-IL21 SNPs located in Caucasian SSc specific
autoantibody and healthy controls from Europe and the USA.

Genotype, N (35) Allele test
SNP Allglos Population 1" 12 22 MAF (%)  Pvalue® P OR[CI9S%]
Spain
Controls {(n=1718) 157 {9.15) 698 (40.69) 861 (50.15) 285
ACA+ (n=580) 56 (9.66) 223(38.45)  301(51.90) 28.88 069 NA  0.97[0.84-1.13]
ATA+ (n=279) 22 (7.89) 114 (40.86) 143 (51.25) 28,32 057 NA  0.94[0.77-1.15]
Germany
Controls (n=411) 26 (6.33) 164 (39.90) 221 (53.77) 26.28
ACA+ (n=234) 23 (9.83) % (42.31) 112 (47.86) 30.98 007 NA  1.26[0.98-1.62]
ATAs (n=183) 17 (9.29) 63 (37.16) 98 (53.55) 27.87 057  NA  1.08[0.82-1.43]
The Netherlands
Controls {n=656) 56 (2.54) 266 (40.55) 334 (50.91) 28.81
ACA+ (n=86) 7(8.14) 35 (40.70) 44(51.18) 28.49 083  NA  0.98[0.69-1.40]
ATA+ (n=91) 9(9.89) 35 (39.56) 46 (50.55) 29.67 081 NA  1.04[0.74-1.46]
USA
Controls (n=864) 84 (8.72) 358 (41.44)  422(48.84) 30.44
ACA+ (n=285) 20 (7.02) 127 (44.56) 138 (48.42) 293 061 NA  0.95[0.77-1.17]
ATA+ (n=164) 13 (7.93) 70 (42.68) 81(49.39) 29.27 067 NA  0.95[0.73-1.23]
152069762 CA gy
Controls (n=1024) 131 (12.79) 453 (44.24)  440(4297) 34.91
ACA+ (n=288) 41(14.24)  140(4861)  107(37.15) 38.54 011 NA  1.17[0.87-1.42]
ATA+ (n=203) 27 (13.30) a1 (44,83) 85 (41.87) 3571 0.76 MA 1.04 [0.83-1.29]
Sweden
Controls (n=262) 20 (7.63) o7 (37.02) 145 (55.34) 26.15
ACA+ (n=57) 5(8.77) 2 (40.35) 29(50.88) 2885 0537 NA  1.15[0.73-1.80]
ATA+ (n=35) 0(0.00) 16 (45.71) 19(54.29) 2286 05546 NA  0.84[0.46-151]
UK
Controls {n=371) 31 (2.36) 145 (39.08) 195 (52.56) 279
ACA+ (n=152) 12 (7.89) 55 (36.18) 85 (55.92) 25.99 053 NA  0.91[0.67-1.23]
ATA+ (n=63) 5(7.94) 2 (44.44) 30(47.62) 30.16 060 NA  1.12[0.74-1.69]
Norway
Controls {n=277) 14 (5.05) 125 (45.13) 138 (49.82) 27.62
ACA+ (n=54) 6(11.11) 2 (51.85) 20 (37.04) 37.04 005 NA  1.54[1.00-2.38]
ATA# (n=13) 1(7.69) 5(38.46) 7 (53.85) 26.92 084 NA  0.97[0.40-2.34]
Combined
Conlrols (n=5482) 510 (0.30) 2266 (41.34) 2706 (49.36)  29.97
ACA+ (n=1736) 170 (9.79) 730 (42.05) 836 (48.16) 30.82 0.25 NA  1.05[0.97-1.14]
ATAs (n=1031) 84 (8.12) 428 (41.51) 509 (49.37) 29.87 098  NA  1.00[0.80-1.11]
Spain
Controls (n=1721) 34(1.98) 351 (2040)  1336(77E3) 1217
ACA+ (n=550) 5(0.85) 115(19.49)  470(79.66) 1059 01461 NA  0.85[0.69-1.06)
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ATA+ (n=286) 4(1.40) 74 (25.87) 208 (72.73) 1434 01473 NA

Germany

Controls {n=423) 9(2.13) 108 (25.77) 305 (72.10) 15,01

ACA+ (n=238) 5(2.10) 56 (23.53) 177 (74.37) 12.87 057  NA

ATA+ (n=188) 4(213) 49 (26.06) 135 (71.81) 15.16 085  NA

The Netherlands

Controls (n=7234) 27 (3.68) 194 (26.43) 513 (60.89) 16,89

ACA+ (n=84) 6 (6.33) 24 (25.53) 64 (68.09) 19.15 044 NA

ATA+ (n=101} 4(3.96) 20 (19.80) 77 (76.24) 12.88 028 NA

usa

Controls (n=884) 22 (2.49) 243 (27.49) 619 (70.02) 16.23

ACA+ (n=285) 6(2.11) 77 (27.02) 202 (70.88) 15.61 073  NA

ATA+ (n=165) 5(3.03) 45 (27.88) 114 (69.08) 16.97 074 NA
166822844 GT gy

Controls {n=1107) 22(1.99) 269 (24,30} 816(73.71) 14.14

ACA+ (n=289) 3(1.04) 53 (18.34) 233 (80.62) 10.21 001 005

ATA+ (n=216) 6(278) 38 (17.59) 172(79.63) 11.57 016  NA

Sweden

Controls (n=273) 7 (2.56) 2 (33.70) 174 (63.74) 19.41

ACA+ (n=62) 6(9.68) 18 (29.03) 38 (61.29) 24.19 023 NA

AT A+ (n=2040) 2(0.10) 11 (0.54) 2027 (99.36) 18.75 089  NA

UK

Controls (n=372) 15 (4.03) 123 (33.06) 234 (62.90) 20.56

ACA+ (n=152) 5(3.29) 40 (26.32) 107 (70.38) 16.45 013 NA

ATA+ (n=64} 3(4.69) 13 (20,31} 43 (75.00) 14.84 013 NA

Morway

Controls (n=278) 13 (4.68) 94 (33.81) 171 (61.51) 21.58

ACA+ (n=53) 2(3.77) 12 (22.64) 39 (73.58) 15.00 013 NA

ATA+ (n=14) 1(7.14) 6(42.86) 7 (50.00) 28.57 038  NA

Combined

Controls {n=5792) 149 (2.57)  1475(25.47)  4168(71.96) 15.31

ACA+ (n=1763) 38 (2.16) 395 (22.40) 1330 (75.44) 12.35 0.015 0.086

ATA+ (n=1074) 28 (2.70) 257 (23.93) 788 (73.37) 14.65 0.67

Spain

Controls {n=1695) 206(1215)  721(42.54) 768 (45.31) 33.42

ACA+ (n=589) 58 (9.85) 263 (44.65) 268 (4550 3217 043 0.00

ATA+ (n=283) 33 (11.66) 124 (43.82) 126 (44.52) 33,57 085 000

Germany

Controls (n=425) 33 (7.75) 185 (43.43) 208 (48.83) 29.46

ACA+ (n=240) 23 (9.58) 87 (36.25) 130 (54.17) 27.7 050 NA

ATA+ (n=180} 20(10.53)  (43.68) 87 (45.79) 32.37 031 NA

The Netherlands

Controls (n=717) 87(12.13) 284 (39.61) 346 (48.26) 31.94

ACA+ (n=92) 15 {16.30) 40 (43.48) 37 (40.22) 32.04 0.10 MNA

ATA+ (n=97) 7(7.22) 42 (43.30) 48 (49.48) 28.87 028  NA

PUBLICATIONS

1.21 [0.94-1.56]

0.91 [0.66-1.26)
1.01 [0.72-1.42]

1.17 [0.79-1.72]
0.79 [0.52-1.21]

0.95 [0.74-1.24]
1.06 [0.77-1.44)

0.69 [0.51-0.93]
0.80 [0.58-1.09]

1.33[0.83-2.10]
0.96 [0.53-1.75]

0.76 [0.54-1.08]
0,67 [0.40-1.13]

0,65 [0.37-1.14]
1.45 [0.62-3.38)

0,87 [0.78-0.97]

NA 0.97 [0.85-1.11]

0.94 [0.82-1.09]
1.0[0.831.22)

0.92[0.72-1.18]
1.15 [0.88-1.49]

1.31 [0.95-1.80]
0.86 [0.62-1.20]
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PUBLICATIONS

UsA
Controls {n=234) 28 (9.95) 405 (45.81) 391 (44.23) 3285
ACA+ (n=285) 27 (9.47) 139 (48.77) 119 (41.75) 33.85 086  NA  1.05[0.36-1.28]
ATA+ (n=165) 21 (12.73) 8 (50.91) 60 (36.36) 3818 006 NA  1.26[0.99-161)
156835457 GIA gy
Controls {n=1076) 143(13.29)  479(4452)  454(42.19) 3555
ACA+ (n=288) a2(11.11)  114(30.58)  142(49.31) 209 004 007 081[0.67-0.99)
ATA+ (n=211) 18 (8,53} 96 (45.02) 98 (46.45) 31.04 008  NA  082[0651.02]
Sweden
Controls (n=271) 30{11.07) 1214465  120(44.28) 33,39
ACA+ (n=50) 7(11.36) 26 (44.07) 26 (44.07) 339 082 NA  1.02[0.67-156)
ATA+ (n=40) 5(12550) 15 (37.50) 20(50.00) 3125 070 NA  0.91([0.55150)
UK
Controls {n=374) 46{1230) 182 (4B.66)  146(39.04) 36,63
ACA+ (n=158) 20 (12.66) 67 (42.41) 71{44.94) 33,86 039 MA  089[0.67-1.17)
ATA+ (n=64) 8(12:50) 2 (45.31) 27(4219) 3516 075 MA  0.94([0.63-1.39)
Morway
Controls {n=277) 35 (12.64) 130 (46.93) 112 (40.43) 6.1
ACA+ (n=54) 4(7.41) 20 (37.04) 30 (55.56) 25908 004 017  0.62(0.39-0.99)
ATA+ (n=14) 1(7.14) 9(64.29) 4(28.57) 39.29 073 NA  1.15[0.53-2.49)
Combined
Controls {n=5720) 668 (11.68) 2507 (43.83)  2545(4449) 3359
ACA+ (n=1765) 186 (10.54) 756 (4283) 823 (4663) 31.95 012 NA  0.94[0.861.02]
ATA+ (n=1064) 113 (10.62) 481 (4521)  470(44.17) 3322 089 NA  10[0g01.10]
Spain
Controls (n=1661) 208 (1252)  723(43.53)  T30(43.55) 34.29
AGA«+ (n=573) 57 (9.91) 257 (44.70)  261(45.39) 32.2% 021 MNA  0.91[0.79-1.05]
ATA+ (n=278) 32(11.51) 121 (4353)  125(44.96) 2327 064 NA  0.96[0.79-1.16]
Germany
Controls (n=407) 32(7.36) 176 (43.24) 199 (48.39) 29.48
ACA+ (n=237) 21 (8.36) 85 (35.86) 131 (85.27) 2679 030 NA  0.83[0.68-1.13)
ATA+ (n=188) 18 (9.68) 2 (44.62) 85 (45.70) a1 038 NA  1.13[0.86-1.47)
The Netherlands
Controls {n=708) 85(11.99)  283(30.92)  341(48.10) 3185
AGA+ (n=86) 13.(15.12) 0 (45,35) 34 (39.53) a7.79 012 MA  1.29(0.93-1.30]
ATA+ (n=98) 8(8.16) 3 (39.80) 51(52.04) 28.06 027 NA  0.83[0.60-1.16]
usa
Controls (n=882) 88(0.08) 401 (45.46)  393(4458) 3271
ACA+ (n=285) 27 {9.47) 139 (4877)  119(41.78) 33.86 061  NA  1.05[0.851.29)
ATA+ (n=164) 21 (12.80) & (50.61) 60 (36.59) 3811 006 NA  1.27[0.99-162)
18907715 TG gy
Controls (n=1083) 146 (13.73)  476(44.78) 441 (41.49) 3612
ACA+ (n=290) 20(10.00) 121 (41.72)  140(48.28) 3086 0019 007  0.79[0.65-0.96]
ATA+ (n=211) 14 (6.64) 100 (47.39) 97 (45.97) 30,33 002 009 0.77[0.61-0.96]

Sweden
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Controls {n=270) 29(10.74) 119 {44.07) 122(45.19) 32.78

ACA+ (n=59) 6{10.17) 27 (45.76) 26 (44.07) 33.05 095 MA 1.01 [0.86-1.55]
ATA+ (n=36} 5{13.89) 11 (30,56} 20 (55.56) 29.17 054 NA  0.84[049-1.45]
UK

Contrals {n=374) 47 (12.57) 183 (48.93) 144 (38.50) 37.08

ACA+ (n=159} 23(14.47) 5 (41.51) 70 (44.03) 35.22 057  NA  0.92[0.70-1.22]
ATA+ (n=69) 10 (14.49) 29 (42.03) 30(43.48) 35.51 0.73 NA  0.94 [0.64-1.37]
Norway

Controls (n=278) 35 (12.59) 130 (46.78) 113 {40.65) 35.57

ACA+ (n=53) 4(7.55) 20 (37.74) 20(54.72) 26.42 006  NA  0.64[0.40-1.02)
ATAs+ (n=14) 1(7.14) 9(64.29) 4 (28.57) 39.29 072 NA  1.15[0.53-251]
Combined

Controls {n=5644) B70(11.87) 2491 (44.14) 2483 (43.99) 33.54

ACA+ (n=1744) 180(10.32) 754 (43.23) 810 (46.44) 31.4 005 NA  0.92[0.851.00]
ATA+ (n=1056) 109(10.32)  475(44.98) 472 (44.70) 32.81 048 NA  0.96[0.87-1.07]

“All Pvalues have been calculated for the allelic model. “If it is applicable, Bonferroni comrection is shown. “Cdds ratio for the minor allele.
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The aim of this study was to evaluate the possible implication of CD24 gene in the genetic predisposition to
inflammatory bowel disease (IBD). Our study population consisted of 1321 female Spanish individuals (369
Crohn's disease [CDY patients, 323 ulcerative colitis [IC] patients, and 529 healthy matched controls ), Two

putative functional polymorphisms, a C to T coding polymorphism (rs&8734) and a TG deletion in the 3

untranslated region (rs3838646), were used as CD24 genetic markers and genotyped using a Tagma allelic
Keywords: a2 i . . . . . - - -
D24 gene discriminaticn assay. The "del” allele of the dinucleatide deletion was associated with anincreased risk of CD

(odds ratio = 1.61, 95% confidence interval = 1.17-2.21, prpp = G.4E-03 ) but not with UC. Moreover, this allele
was significant associated with the age of CD diagnosis between 17 and 40 years, the ileccolonic location, and
the inflammatory behavior of CD. We observed no significant differences between the allelic or genotypic
frequencies of the A5V polymarphism in our studied 1BD cohort. Our results suggest that the rs3838646
CD24 polymorphism is part of the genetic background of CD,

4 2011 American Society for Histocompatibility and Immuneogenetics, Published by Elsevier Inc. All rights

Crohn's disease
Ulcarative colitis

1. Introduction

Crohn's disease (CD) and ulcerative colitis (LIC) are the main
clinical phenotypes of inflammatory bowel disease (IBD). Both are
relapsing and chronic inflammatory disorders that result from the
complex interaction of genetic, immune, and environmental fac-
tors. There is an increasingly long list of genetic factors associared
with IBD. However, it is estimated that the current number of loci
associated with IBD represents only a small fraction of the genetic
risk [1-3]. Thus, additional genetic contributions clearly remain to
be discovered.

The CD24 gene encodes a small (ranging between 20 and 70
amino acids), heavily glycosylated protein that is attached to the
cell membrane by a glyco-phosphotidyl-inistol [GPI] anchor and is
expressed in a broad range of cell types [4). CD24, referred to as a
B-cell differentiation marker at first, plays crucial roles in lympho

* Corresponding author,
E-mail address: lina.diaz@ipb.csices (L -M. Diaz-Gallo)
E.LL and |.M. contribrute equally to this work.

reserved.

cyte maturation [5,6,7], neuronal development 8], and tissue re-
newal homeostasis under physiologic conditions [9]. This molecule
has been proposed as a genetic checkpoint in T-cell homoeostasis
and pathogenesis of autoimmune diseases [10]. Moreover, the
D24 gene has been recently added to the list of putative intestinal
stem cell markers [8,11] and it has been demonstrated thar is
up-regulated in regenerative mucosa in both UC and CD [12]. By
contrast, two functional genetic polymorphisms, a C to T coding
polymarphism (rs8734) [13] and a TG deletion in the 3' untrans-
lated region (rs3838646) | 14], have been associated as susceptibil-
ity factors for multiple sclerosis (MS), rheumatoid arthritis (RA),
systemic lupus erythematosus (SLE), and giant cell arthritis [GCA)
[13-19]. The aim of this study was o investigate the potential
implication of the rs8734 and rs3838646 CD24 gene functional
variants in the genetic susceptibility to 1BD.

2, Subjects and methods

Our study included 692 [BD female Spanish patients (371 with
CD and 323 with UC) meeting the standard clinical, endoscopic,

0198-8859/11/532.00 - see front matter @ 2011 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights reserved.
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Table 1
Allele and genotype frequencies of the rs3838646 CD24 variant in Crohn's disease female patients and healthy controls
€024 genotype (%) Allele frequency (%) pValue (allele) OR(95%CI)
TGTG TG del del/del TG del
Controls |629] 547 (87) T6(121) 6(1) 170(93) 88(7)
Crohn's disease | 371] 301(81.1) B0(16.2) 10(2.7) 662 (89.2) 80(10.8) GAE-03* 1.61(1.17-2.21)
Diagnesis age A[268]
<16(A1) 17{73.9) 5(21.7) 1(4.3) 39(847) 7(15.2) 0.04 239(1.04-5.49)
17-40 (A2} 144(75) 40(20.8) B(42) 328(85.4) 56(14.6) G.62E-057 227(159-3.24)
=40 (A3) 48(90.6) 5(9.4) 1)) 101 (95.3) 5(47) 037 0,66 (0.26-1.66)
Disease location L | 263]
Tleal (L1} 86 (80.4) 17 (15.9) 4(3.7) 189(883) 25(11.7) [ 1.75(1.1-2.81)
Colonic (L2) 46(B85) 5(9.6) 1(1.9) 97(93.3) T{6.7) 0.9 0.96(0.43-2.13)
lleocolonic (13) 76(73.1) 24(23.1) 4(3.8) 176 [B4.6) 32(15.4) 4.78E-04° 2.42(157-3.73)
Disease behavior B | 264]
Perforating (B3} 54(80.6) 11(16.4) 2(3) 119 [B8.8) 15{11.2) 0.08 1.68 (0.94-2.99)
Structuring (B2) A6 (80.7) 9(15.8) 2(3.5) 101 (88.6) 13{11.4) 0.08 1.71(092-3.17)
Inflammatory (B1) 107 (76.4) 28(20) 5(3.6) 242 (86.4) 3B(13.6) 313037 2.1(139-3.13)
“p Value corrected by FOR comection.
bpValue corected by Bonferroni correction. When A2 was analyzed againsnt A1 + A3, pvalue = 00016; OR = 2.1 95% 1 = 1.14-3.88.

£p Value comrected by Bonferroni correction. When L3 was analyzed against L1+12, p = 00046, OR = 1.66 %% Cl = 1.0-2.72,
“WYalue corrected by Bonferroni correction. When B1 was analyzed against B2+ B3, p = 0.29, OR = 131,955 (1 = 05-2.13,

radiologic, and histopathologic criteria [20], and 629 matched fe
male healthy control subjects. Demographic and clinical character-
istics of the subjects have been previously described [21], Written
informed consent was obtained from all participants, The ethics
committees of all participating Spanish hospitals approved the
study.

DNA was obtained from peripheral blood using standard meth-
ods, Samples were genotyped for the CD24 rsB734 and rs3838646
genetic variants using Tagman 5 allelic discrimination assays as
previously described [ 16]. The primers used in this study showed a
99% alignment identity in both the CD24 gene [chromosome 6,
RefSeq. NM_013230) and a pseudogene located at chromosome ¥
(RefSeq. NG_006012)[22]. Hence, only females were included in
the study to avoid nonspecific amplifications. Deviation from
Hardy-Weinberg equilibrium (HWE) was tested by standard 37
analysis. The differences in genotype distribution and allele fre
quency among cases and controls were caleulated by contingency
tables and when necessary by Fisher's exact test. An association
was considered statistically significant if p < 0.05. Linkage disequi-
librium (LD} measurements (7] between rs8734 and rs3838646
were estimated by the expectation-maximization algorithm. To
test whether the C024 gene studied polymorphisms are associated
with clinical features, a univariate analysis using y* or the Fisher’s
exact test was applied. The Montreal classification criteria were
used to determine clinical variables | 23]. Each clinical variable was
compared with the others and with those of healthy controls.
Multiple testing was corrected by false discovery rate control {pe;]
or Bonferroni correction [24]. The analyses were performed using
PLINK (version 1.07) to estimate odds ratios (OR) and 95% confi-
dence intervals (95% CI) [25].

3. Resulis

The distributions of genotypic and allelic frequencies of the two
D24 evaluared polymorphisms (rs8734 and 1s3838646) were in
HWE. No LD was observed between the SNPs (r* = 0.03). We
observed that the “del” allele of the rs3838646 variant was signifi-
cantly associated with CD (OR = 1.61, 95% Cl = 1.2-2.2, pypp =
6.4E-03; Table 1) but not with UC (OR = 0. 95%Cl=06-14,p=
0.66; Table 2). Although we observed no significant differences in
the “delfdel” genotype frequencies of rs3838646 between [BD pa-
tients compared to healthy controls, we found an increase in CD
patients (2.7%) compared with controls (1%), in contrast to the
absence of this genotype in the UC patients.

Mo significant differences in the allelic frequencies of rs&734
berween both CD or UC patients and controls were observed (Ta-
bles 3 and 4). We observed an increased frequency of the genotype
WV of this polymorphism in both CD (87%; Table 3) and UC (10
Table 4) patients compared with healthy controls (6.5%), but those
differences were not statistically significant after Bonferroni cor
rection (p = 0.42 in CD and p = 0,06 in UC patients).

We conducted a univariate analysis to evaluate the possible
association between both CD24 polymorphisms and the clinical
manifestations of the diseases. We found that the “del” allelz of
153838646 is associated with an onset of CD between the 17 and 40
years of age (OR = 2.27,95%Cl = 1.6-3.2, p corrected = 6.6E-5), an
ileacolonic location of the disease (OR = 2.42, 95% Cl = 1.6-3.7,
pcorrected = 4.8E-4), and an inflammatory behavior of CD [OR =
211,955 Cl = 1.4-3.1, p corrected = 3.1E-3] (Table 1) when the
clinical manifestations were compared to healthy controls. Only
the comparison of the “del” allele frequency between ileocolonic

Talsle 2
Allele and genotype frequencies of the ra3838646 CD24 variant in Ulcerative Colitis female patients and healthy conerols
€024 genotype (%) Allele frequency (%)  Value (minor allele) OR{95%C1)
TGTG TGidel delfdel TG del
Controls | 629 547 (87) 76(12.1) 6(1.0) 1170(93) 88(7.0)
Ulcerative colitis [310] 270(87.1) 40(12.9) 0(0) 580(93.5) 40(6.5) 0.66 092 (0.62-135)
Diagnesis age A[122] (4]
<16(A1) 7(100) 0[0) 0{0) 14100} 0[0) = =
17-40{A2) 66 (904) 7(95) 00y 139(95.2) 7(48) 032 067 (03-1.48)
=40{A3) 35(83.3) 70167) 0{0) 77N 7(83) 064 1.21(054-27)
Disease extension E [223] (1))
Uleerative proctitis (E1) 23 (88.5) 3({115) 00y 49 (94.2) 3(5.8) 073 0.81(0.25-2.66)
Left-side UC(E2) 101 (87) 15(12.9) o0 217 (93.5) 15 (65) 077 0.82(0.52-162)
Extensive UC(E3) 66 (81.5) 15 (185) 0(0) 147 (90.7) 15(93) 03 136 (076-2.41)
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Tahle 3
Allele and genotype frequencies of the rs8734 C024 variant in female patients with Crohn’s disease and in healthy controls
(D24 genotype (%) Allele frequency (%) PValue {minor allele} OR (95%CT)
AA AV vV A v
Controls | 628] 317(50.4) 270(43) 41(6.5) 904(71.9) 352 (28)
Crohn's disease | 366] 200{54.6) 134(36.6) 32(87) 662 (89.2) B0(10.8) 0.64 0.95 (0.78-1.17)
Diagnosis age A[270]
<16(A1) 13(54.1) 9(375) 2(8.3} 35(729) 13(27.1) 086 0.95 (0.49-1.82)
17-40({AZ2) 111(57.2) 72(37.1) 11(5.7) 294(75.7) 94(2432) 014 0.82 (0.63-1.07)
=40 [A3) 23({44.3) 21 (40.4) 8(154) 67 (64.4) 37(35.6) 01 1.42 (0.93-2.16)
Disease location L [262]
lleal (L1} 57(518) 40 (36.4) 13(11.8) 154(70) 66 (30) 055 1.1(0.8-151)
Colonic (L2} 27(51.9) 23 (442} 2(3.8) T7(74) 27 (26) 092 0.96(0.43-2113)
lleacalonic (L3) 5959 31(31) 10(10) 149(745) §1(25.5) 0.46 0.88(0.63-1.24)
Disease behavior B | 262]
Perforating (B3) 31(49.2) 24(38.1) 8(12) 86 (68.2) 40(31.7) 038 1.2 (0.8-1.78)
Structuring (B2) 29(50) 24(41.4) 586} 82(70.6) 34(293) 077 1.1(0.7-1.62)
Inflammatory (B1) 83 (58.9) 46 (32.6) 12(8.5) 212(75.1) T70(24.8) 0.28 0.85 (0.63-1.14)

location and the others locations showed a trend of associacién
[OR = 1.7, 95% Cl = 1.0-2.7, p = 005, Table 1]. No significant
associations were observed between rs3838646 and UC clinical
variables (Table 2] or between rs8734 and CD or UC clinical mani-
festations (Tables 3 and 4).

4. Discussion

‘We evaluated for the first time the influence of two previously
associated autoimmunity polymorphisms (rs8734 and rs3838646)
of the CD24 gene in 1BD. Our study showed evidence of association
of the dinucleotide deletion in the CD24 3'-UTR {rs3838646) with
CD but not with UC. Moreover, our results suggest that rs3838646
increased the risk to have an ileocolonic location of CD. These
observations support the hypothesis that the main IBD diseases (CD
and UC) share a related nature but differ in some immunologic
mechanisms [21,26]. The rs3828646 was first associated as a re
duced risk factor for MS and SLE [14]. After that, it was reported as
a risk factor for GCA [16]. In the present study we observed that is
also a risk factor to CD. Those results indicate that the rs3838646
(P1527%Y polymorphism could be a common genetic factor in
autoimmuniry. The opposite effect size in different diseases has
been reported for other genetic factors in autoimmunity [27,28].
For example, the PTPN22 620W allele, a well-described risk factor
for several autoimmune diseases, meanwhile is a reduced risk
factor for CD [29,30]). This remarks that the same variants may
influence different diseases ar different levels within the complex
genetic component of autoimmunity.

A recent meta-analysis of six CD genome wide association stud-
ies (GWAS) showed a signal of association (p = 437E-9) in the 6q21
region [31]. This suggested that the rs3838646 is involved in the
genetic background of CD because the CD24 gene is located in this
region [GenelD 100133841, Moreover, two recent reports provide
insights abourt the implication of C024 in the genetic background of

IBD. Ahmed et al. demonstrated that CD24 is up-regulated in regen
erated epithelium in IBD, playing a role in tissue healing. The
authors showed that C024 is an enhancer of colony formation, cell
migration and cell invasion |[12] By contrast, Wang et al. had previ-
ously reported that the dinucleotide deletion (rs3838646) reduced
steady levels of CD24 mENA by more than twofold [14]. In this
regard, we observed that the “del” rs3838646 allele increased the
risk of an onset of CD between 17 and 40 years of age, a more
extended location of the affected tissue (ileocolonic location), and
an inflammatory behavior of CD [Table 1], Probably an early onset
of CD involved a higher genetic component in the pathogenesis of
CD thaninalate onset, Indeed, a GWAS performed with early-onset
IBD patients showed that there are more specific loci associated
with rhis clinical category [32]. €024 seems to be an important
check point in the appropriated healing mechanism on CD, and the
“del” rs3838646 allele affects the expression of the gene. This sug-
gest that this genetic variant could be directly involved in a more
exrended location of the tissue affected and in the development of
a chronic inflammation because of a lower expression of CD24.
Together with our Andings, those results suggest that the “del”
allele of the rs3838646 could alter the stability of the CD24 mRNA
driving the distorted healing mechanism in CD patients.

In summary, our study suggests that the CD24 153838464 ge-
netic variant is a risk factor for CD specifically for age of diagnosis
between 17 and 40 years and the ileocolonic location. Further
genetic association studies in other populations are warranted to
confirm our observations, as well as more functional studies to
elucidate more completely the role of the CD24 gene in IBD.
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Association study of BAKT

gene polymorphisms in Spanish
rheumatoid arthritis and systemic
lupus erythematosus cohorts

Cumulative evidence indicates that the BCL2-antagonist/killer
1 (BAKA) gene could be involved in several autoimmune diseas-
es.? The proapoptatic BCL2 family members BAX and BAK are
essential for regulating the number of B and T cells.”* A recent
study in a Colombian populaton suggested that the BAKY
5513349 and 15745582 single nucleotide polymorphisms (SNPs)
as well as the haplotype rsS513349G-rs561276C-1s5745582A are
significantly associated with autoimmune rheumatic diseases.!
The aim of the present study was to evaluate the influence of
these BAKY polymorphisms in Spanish rtheumatoid arthritis
[RA) and systemic lupus erythematosus (SLE) cohorts.

All the RA and SLE patients included in this case-control study
met the respective American College of Rheumatology criteria,
as previously described.” € The study was approved by the local
ethical committees from all the participating centres, and writ-
ten informed consent was obtained from both patients and con-
trols, Samples were genotyped for the BAKY polymorphisms via
Tagtian 5" allelic discrimination rechnology using predesigned
SNP genotyping assays provided by Applied Biosystemns (Foster
Ciry, Califomia, USA). The genotypic frequencies of the BAKY
5NPs were in Hardy-Weinberg equilibriurm in both case and con-
trol groups (p=0.01, table 1). Due to the reported BAKS suscepti-
bility haplotype and the related location of the PAKY gene with
human leukocyte antigen (HLA) class II loci, it is imporntant to

k)

determine the degree of linkage disequilibrium (LDY) between the
BAK1 polymorphisms and the HLA-DRE1 and HLA-DOQB1 loci.
The LD between the three studied BAXY variants was moderate/
weak (1%<0.27), and weak with the HIA4 loci (data not shown).
The fixation index was 0.0006 for whole population using the
three studied SNPs of BAKI, suggesting that there is no significant
population substructure in the studied population or berween
case and controls. No significant differences in the genotypic
or allelic frequencies of FAKY polymorphisms were observed
between patients or fernale patients with BA or SLE and controls
or female controls (table 1). Similarly, no statistical significance
was reached for the allelic combinations with a higher Frequency
than 5% between RA/SLE patients and controls (table 2).

The possibility that the lack of association might have been
due to type Il emor seems highly unlikely since our cohort had
enough statistical power (93% and 97% for 155745582 in RA
and SLE, respectively, and 99% for rs513349 for both diseases)
to detect the previously reported effects.! The contradictory
findings are probably a consequence of the genetic heterogene-
ity between populations. The allelic frequencies between our
Spanish cohort and that reported for the Colombian popula-
tion did not differ significantly in controls, but there was an
important deviation in patients. The difference in the allelic
frequencies of the cases implies that the tag of the causal vari-
ant probably vares among Latino and European populations.
Indeed, previous studies have suggested that the extent of LD
in both populations could differ, resulting in different sets of
haplotype frequencies” Data from a genome-wide association
stucly in a European-ancestry population showed that rs513349
is not associated with RA (p=0.17, OR 108, 95% CI 0.96 1o
1.23).% Moreaver, a recent case—control study in a Spanish SLE
Caucasian cohor that genotyped 6045 SNPs within the major
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Table 1 Genotype and allelic freg for the studied variants of 84K7 gene and RA, SLE patients and
contrals
SNP An AG GG A G p Value OR 95% CI
5513349
Contrals {829 0.249 0.538 0212 0519 0.481
RA (434} 0.254 0.525 0.221 0517 0483 0.9 1 0.36t01.18
SLE (633} 0.270 0.520 0.210 0.530 0489 0.54 095 083t
Female contrels {550} 0.251 0532 0.1 0.520 0.480
Female RA {308} 0.269 0518 0214 0.528 0473 016 097 079t 118
Female SLE {561} 0.260 0.522 0.218 0.521 0.479 0.95 0.99 084t0 118
SNP [=H cr T [ T pValue  OR 95% CI
15561276
Contrals {829 0.960 0.040 [ 0.980 0.020
RA (434} 0975 0.025 0 0988 0012 0.15 0.61 0.32t01.2
SLE {833} 0.957 0.041 0.002 0978 0022 068 11 0.67 to 1.85
Female controls {550 0.960 0.040 [ 0.980 0.020
Female RA {308} 0.964 0.036 0 0,982 0018 0,35 0.89 0430 1.84
Female SLE {561} 0.957 0.410 0.002 0978 0.023 0 112 0.84101.99
SNP GG GA AR G A p Value OR 95% €I
155745582
Contrals {829} 0624 034 0.034 0.796 0.204
RA (484} 0636 0.318 0.045 0795 0.205 0.99 1 0.86t01.18
SLE {633} 0.607 0.332 0.055 0376 0.224 019 113 0.94t01.34
Female contrels {550} 0627 0.340 0.033 0.797 0.203
Female RA {309} 0641 0.320 0.039 0.801 0,198 0.85 0.98 0760 1.25
Female SLE {561} 0601 0.339 0.061 0170 0.230 012 117 086t0 144
BAKT, BC12-antagoris\kller 1; RA, theunatoid arthntis; SLE, systemic lupus SNE single ¥
Table2 Counts and frequencies of allelic combinations of the 8AKT variants studied
Allelic combination Cantrols RA SLE
re513349, rs561276, rs5745582 2n=1656 %) n=1968 %} p Value 0oR 95% CI 2n=1266 (%] pVae OR 95% Cl
ACG 850 (51.8T) 500 {5165} Refarence 671 (53.00) Reference
GCG 427102579 258 {2665} 0.0 1.04 085t01.26  283(22.35) 0.08 0.85 0.71 to 1.02
GCA 337 (20.35) 198 {20.45} 083 1.01 08210125  284(2243) 0.43 1.08 08910 1.31
BAKT, BCLZ 1, RA, arthnis; SLE, systemic lpus ery

histocompatibility complex region showed that rs513349 was
not significantly associated with SLE (p=0.74, OR 1.08, 95% CI
0.86 to 1.24).7 Taking into account the above together with our
results, it is likely that the BAKY polymorphisms studied are not
susceptibility loci for RA and SLE in Caucasians.

Lina-Marcela Diaz-Gallo,' Sonia Garcia,' Norberto
Ortego-Centeno,? Juan Jiménez-Alonso,? Julio
Sanchez-Romén,! Enrique de Ramén, Maria F
Gonzilez-Escribano,® Alejandro Balsa,” Benjamin
Fernandez-Gutierrez,® Isidoro Gonzélez-Alvaro,® Miguel A
Gonzalez-Gay,"® Javier Martin'

"Cellular Buology and Immunolagy Department, nstituto de Parasitologia y Bloemedicona
“Lipez-Neyra”, CSIC [IPBLN-CSIC), Granada, Spain

Zervicio de Medicina Interna, Hospitdl Clinica San Ceclin, Granadz, Spain
Igervicio de Mediona Interna, Hospitdl Virgen de las Nieves, Granada, Spamn
43ervicio de Medicna Interna, Hospital Virgen del Rocio, Sevilla, Span

SZervicio de Medioina Interna, Hospitdl Carlas Haya, Mélaga, Span

BServick de Inmunclogla, Hospita! Virgen del Rocko, Sevila, Spain

TServicio de Reumatologia, Hospital Universitario La Paz, Madrid, Span

AServicio de Reumatologfa, Hospal Clinico San Carlos, Madrid, Span

I5ervicio de Reumnatologia, Hosprtal Unessitano La Princesa, IS-Prncesa, Maded,
Span

10Servicio de Reumatologla, IFIMAY, Hospital Universtano Marqués de Valdecdla,
Sartander, Span

Ann Rheurn D February 2012 Vol 71 Mo 2

Correspondence to Lina-Marcsla Diaz-Gallo, Cellular Bology and mmunology
Department, Instituto de Parasitclogla y Biomedicing Ldpez-Neyra’, IPBLN-CSIC,
Parque Tecnoldgico de Cencias de la Salud, Avenida del Conocmiento 5/,
18100-fuemila (Granada), Span, ina dis@pb csic 85

Contributors L-MD-G. conception and desion, genatypng, anadyss and mterpreta-
tion of data, drafted and revsed the paper; she is the quarantor 5G- monitored
samples and data cailection. NO-C, J-A, JS-R, Edf, MFG-E, AB, EF-G. identification,
samgling and collection of patient samples and clinicdl data. 1I5-A4, MAG-G: sampling
and collecton of patient samples and cinical data, ertical readng of manusenpt

JM conception and design, analyss and mterpretation of data, and drafted and
revised the paper.

Acknowledgements Ve thank Gema Robledo and Sofia Vargss for ther axcellent
technical assstance. We also thank all donors, patients and controls a5 well as Banco
Nacional de ADN (Universiy of Salamanca, Spain), who supplied part of the control
DNA samples

Funding This work was partially supperted by RETICS Program, RDO&00TS {RIER)
friom Instituto de Salud Carlos 11 [ISCH), within the VI PN de 14D+ 2008-2011
[FEDER) L-MD-G was supported by the ‘Ayudas Predoctorales de Formaciin en
Investigacain en Salud (PAS—FI000544]" from the Tnstituto de Salud Cares I
Competing interests Mone

Ethics approval The study was approved by the local ethical committees of all
particpatng centres

Provenance and peer review Mot commizsioned. extemnaly peer reviewed
Accepted 19 June 2011

Publizhed Online First 17 August 2011

Ann Aheurn Dis 2012711 314-316_ doi 10,1136 nnrheumds-2011-200062

35




Revisiting the genetic puzzle of autoimmune diseases

REF|
1

316

Downloaded from ard.bmj.com on February 22, 2013 - Published by group.bmj.com

ERENCES

Delgado-¥ega AM, Castiblznco . Gimez LM, ef &l Bd-Z antagorust kller 1 [R4K1)
palyromhisrs nfluence the nsk of developing autoirmmune rheumatic diseases m
women Ann fihsum Oz 2010694625

[

Rodriguez-Rodriguez L. Taib W, Topless R, af al The FTPN2Z RI630 polymerphism

i 3 nsk factor for meumatond arthnts in Caucasin case-control samples

Atthetis fheurn 201,63 385-72

Sawryer SL. Mukhegjee N, Pakstis A, &f al Linkage disequilibium pattems vary
among Eur.J Hum Genet 20051367786

Takeuchi 0, Fisher J, Suh H, &f af. Essentral role of BAX, BAK n B cell
and presention of autoimmune disease. Proc Matf Acsd Soi US4 2005,102.11272-T
Yao ¥, Marassi FM BAX and BAK caught in the act Mol Call 200936 5534
Rathmel JE, lindsten T, Zong Wi, ef &/, Deficiency in Bak and Bax perturbs thymic
selection and ymphoid homeostasis. Mat fmmunel 2002,3.932-9

Sénchez E, Gimez LM, Loper-Nevat M, ef al Bndence of associabion of
macrophage migration mhibitory factor gene polymorphisms with systemic kipus
erythematosus Genes fnmun 2006.7 433-6

Plenge AM. Seiefstad M, Padyukow L, of al TRAF1-CS as a nisk locus for rheumatoid
arthritis—a genomeande study N Englf Med 2007.357.1199-209

Fernando MMA, Morrs DL, Sanchez Rodiguez E, ef &l Independent assocsation of
varianits in the class Il gene, MSHS, and the class Il gene, HLA-DPEY, at the MHC na
Sparush SLE cohort Ann Aheum O 2010,69|Suppd 31133

Ann Rheurn D February 2012 Vol 71 No 2

pustications |G



pustications IECHENENN

Revisiting the genetic puzzle of autoimmune diseases

Evidence of new risk genetic factor to Systemic
Lupus Erythematosus: the UBASH3A gene.
Plos One, 2013



Revisiting the genetic puzzle of autoimmune diseases

OPEN a ACCESS Freely available online

@' PLOS | OME

Evidence of New Risk Genetic Factor to Systemic Lupus
Erythematosus: The UBASH3A Gene

Lina-Marcela Diaz-Gallo'*, Elena Sanchez', Norberto Ortego-Centeno”, Jose Mario Sabio®,
Francisco ). Garcia-Hernandez®, Enrique de Ramén®, Miguel A. Gonzalez-Gay®, Torsten Witte,
Hans-Joachim Anders®, Maria F. Gonzalez-Escribano®, Javier Martin’

1 Cellular Biology ard togy Dep + Instituto de Parasitologia y Bi

“Lopez-Neyra”, Consajo Superior de Investigaciones Centficas (IFBLN: Consejo

Superior de Investigaciones Clenuficas), Granada, Spain, 2 Department of Intemal Medidne, Hospital Qinkco San Cedlio, Granada, Spain, 3 Department of Intemnal
Medicine, Hospital Virgen de las Nisves, Granada, Spain, & Department of Intemal Medicine, Hospizal Virgen del Rocio, Sevilla, Spain, 5 Department of Intermal Medicine,

Hospital Carlos Haya, Milaga, Spain, 8 Depariment of Rbeumatology, Instit

utes che Formacidn @ Investigacion Margués de Valdecilla, Hospital Universitario Margqués de

Valdecilla, 5. der, Spain, TDep. of Clinical i and Rh

Hannover Medscal School, Hannover, Germary, 8 Medical department and

policlivic IV, Kinikum der Universitst, Minchen, Murich, Genmany, 9 Department of Imemunology, Hospital Virgen del Rocio, Sevilla, Spain

Abstract

autoimmune diseases.
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The ubiquitin associated and Src-homology 3 (SH3) domain containing A (UBASH3a) is a suppressor of T-cell receptor
signaling, underscoring antigen presentation to T-cells as a critical shared mechanism of diseases pathogenesis. The aim of
the present study was to determine whether the UBASH3a gene il
erythematosus (SLE) in Caucasian populations. We evaluated five UBASH3a polymorphisms (rs2277798, rs2277800,
rs9976767, rs13048049 and rs17114930), using TagMan® allelic discrimination assays, in a discovery cohort that included
906 SLE patients and 1165 healthy controls from Spain. The SNPs that exhibit statistical significance difference were
evaluated in a German replication cohort of 360 SLE patients and 379 healthy controls. The case-control analysis in the
Spanish population showed a significant association between the rs9976767 and SLE (Pc=9.9E-03 OR = 1.21 95%¢Cl = 1.07-
1.37) and a trend of association for the rs2277798 analysis (P=0.09 OR =0.9 95%Cl =0.79-1.02). The replication in a German
cohort and the meta-analysis confirmed that the rs9976767 (Pc =0.02; Pc=2.4E-04, for German cohort and meta-analysis,
respectively) and rs2277798 (Pc=0.013; Pc =4.7E-03, for German cohort and meta-analysis, respectively) UBASH3a variants
are susceptibility factors for SLE. Finally, a conditional regression analysis suggested that the most likely genetic variation
responsible for the association was the rs9976767 polymorphism. Our results suggest that UBASH3a gene plays a role in the
susceptibility to SLE. Moreover, our study indicates that UBASH3a can be considered as a common genetic factor in
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e the suscep to ic lupus

Introduction

The T cell ubiquitn bgand proteins (TULA) famiy s
characterized by function as suppressors of T cell receptor
signalling. One of the members of the TULA family proteins is
the ubiquitin associated and Src-homology 3 (SH3) domain
containing A (UBASH3a) which is expressed only in lymphoid cells
and facilitates apoptosis induced in T cells by certain stimuli, such
as growth factor withdrawal [1]. UBASH3a gene spans 40 kb,
contains 15 exons and is located on human chromosome 21g22.3
[2]. The lack of TULA proteins resulted in hyper-reactivity of T
cells [1]. Evidence for both B and T lymphocyte hyper-reactivity is
typically observed in autoimmune disorders [2]. These disorders
are characterized by an inappropriate, ultimately excessive,
inflammatory response against self, resulting in tissue destruction.
Although many individuals affected by autoimmune diseases
demonstrate multiorgan involvement, the primary end-organ

PLOS ONE | www.plosone.org

target (e.g., autoimmune destruction of pancreatic islet cells i
iabetes mellitus) typically drives the clinical presenta

nucleotide polymorphisms (SNPs) of the UBASHZa gene are
associated with some autoimmune diseases, like type 1 diabetes
(T1D), celiac disease (CD), rheumatoid arthritis (RA) and vitiligo,
suggesting that this gene could play an important role in the
pathogenesis of autoimmune disorders [3 8].

Systemic lupus erythematosus (SLE) is a prototypic autoimmune
diseases characterized by the production of autoantibodies,
immune-complex deposition, and subsequent multiple organ
damage. The complex aetiology of autoimmune diseases includes
environmental, hormonal and genetic factors. Some of those
factors remained to be defined [3,4]. Based on these insights, the
aim of the present study was to evaluate the role of five UBASH3a
polymorphism in SLE.

April 2013 | Volume 8 | Issue 4 | e60646
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Materials and Methods

Ethics Statement

Written informed consent was obtained from all participants
and the respectively cthics committee approved the study
according to the principles expressed in the Declaration of
Helsinki.

The casc-control study included 906 SLE patients and 1165
healthy controls from a white Spanish population. The replication
cohort from white Germans comprehends 360 SLE patients and
379 healthy controls. All the patients met the American College of
Rheumatology criteria for classification of SLE [5]. Written
informed consent was obtained from all participants and the
respectively ethics committee approved the study. DNA was
obtained from peripheral blood using standard methods. The
samples were genotyped for the UBASH3a rs2277798, rs2277800,
159976767, rs13048049 and 1517114930 polymorphisms via
TagMan® 5'allelic discrimination technology using a predesigned
SNPs genotyping assays provided by Applied Biosystems (assay ID:
C___1724055_10, C__15885522_20, C___1724067_10,

£ 200079, 157

Gemany 75080, 898

combomed v 08807, 6.0
ds T H

L e )

A

Figure 1. P P

of the 't

Table 1. Genotype and minor allele frequencies of UBASH3a SNPs located in Caucasian SLE patients and healthy controls from
Spain, the discovery cohort.
Genotype, N (%]} Alleles, Ni%6) Allele test

SNP 172 Subgroup (N} 1" 172 212 1 2 Povalue® OR [CI 95%]****
52277798 G/A Controls n=11651 477 (40.94) 529 (4541) 159 (1365) 1483 (636) 847 (364)

SLE (n=906) 402 (4437) 394 (4349)  10(1214) 1198 (661) 614 (339) 00993 0.90 [0.79-1.02)
2277800 T Controls {n=1165) 1080 (9270) 84 (7.21) 11009 2244 (9630 86 (37)

SLE (n = 906) 832 (91.83) 73 (8.06) 111 1737 (959) 75 (4.) 04592 1.13 [0.82-155]
9976767 A/G  Contrals (n=1165) 363 (31.16) 558 (47.90) 244 (2094) 1284 (S50} 1046 (449)

SLE (n = 906) 230 (25.39) 451 (4978) 225 (2483) 911 (503) 901 (49.7) 159603 121 [1.07-137)
rs13048049 G/A  Controls (n=1165) 1038 (89.10] 126 (10.82) 10009 2202 (94.5) 128 (5.5)

SLE (n=906) 808 (89.18) 96 (10.60) 2(022) 1712 (3450 100 (55) 09719 101 [0.77-132)
17114930 C/G Controls (n=1165) 1066 (91.50] 95 (B.15) 4(0.34) 2227 (956) 103 (4.4)

SLE (n=906) 811 (89.51) 93 (10.26) 2022 1715 (94.6) o7 (5.4) 0.1649 122 [0.92-1.63]
“All Pvalues have been caloulated for the allelic model. ** Pe = 02438 Benjamini & Hochberg (1995], ***Pe =9.9E-03 Benjamini & Hochberg (1935) step-up FOR contral.
****Odds ratio for the minor alleke.
doi10.1371journal pone 00606461001

C__1724075_20 and C__25622591_10, respectiv
51} sment of the design of the study the or
P owith autoir
SNPs v
¢ not included in previous SLE genetic studies and they are
non-synonymous changes located in different exons of the
UBASH3a gene. Morcover, the minor allele frequency (MATF) of
those SNPs was reported in Caucasian populations and they
exhibited moderated LD with at least one SNP in the loci.
Deviation from Hardy-Weinberg equilibrium (HWE) was tested
by standard chi-square analysis. The differences in genotype
distribution and allele frequency among cases and controls were
calculated by contingency tables and when necessary by Fisher’s
exact test. Odds ratios (OR), and 95% confidence intervals (CI),
were calculated according to Woolf's method. Combined data
were analysed by Mantel-Hacenszel tests under fixed effect model
and the Breslow-Day (BD) test was used to estimate the OR
heterogencity amongst the two cohorts. An association was
considered statistically significant if P<(0.05. Benjamini & Hoch-
berg (1995) step-up false discovery rate (FDR) control correction

: Figure
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s was the
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Y (A) Forest plot for the meta-analysis of the UBASH3Za rs2277798

polymorphism in SLE in two Caucasian cohorts. (B) Forest plot for the meta-analysis of the UBASH3a rs9976767 polymorphism in SLE in two

Caucasian cohorts.
doi:10.1371/journal.pone.0060646.9001
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[7] for multiple testing was applied to the P-values in both the
independent analysis and the combined meta-analysis (P
Linkage disequilibrium (LI} measurement (¢} between the studied
SNPs was estimated by expectation-maximization algorithm using
HAPLOVIEW (version 4.2; Broad Institute of MIT and Harvard).
Finally, the dependency of the association between each SNP and
every studied genetic variant was determined by a conditional
logistic regression analysis (considering the different cohorts as
covariate]. The analyses were performed using PLINK (version
1.07) [8).

Results

The distrit of ypic and allelic freq ies of the five
UABSH3a evaluated polymorphisms were in HWE at 5%
significance level, Additionally, MAFs of the studied SNPs were
similar to those reported by the HapMap project for the CEU
population (http://hapmap.ncbi nlm.nih.gov/) in both, Spanish
and German cohorts, The LD structure of the five UABSHZa SNPs
in the Spanish cohort is shown in (Fgure 31} The Table 1
summarizes the results of the association analysis for the discovery
cohort, The minor allele of the r9976767 polymorphism
exhibited a statistical significant association with SLE in the
Spanish population (P,=9.9E-03, OR=121, 95%CI=107
1.37). In addition we observed a trend of association with the
132277798 polymorphism  (P=0.099, P.=0248 OR=09,
95%C1=0.79 1.02). The frequency of the minor alleles of the
132277800, rs13048049 and rs17114930 UBASHZa polymor-
phisms were not statistically significantly different between SLE
patients and healthy controls in the Spanish cohort.

Based on these observations, we evaluated the frequency of the
59976767 and rs2277798 in a replication cohort from Germany
(Table 2}, Genotypic and allelic frequencies of both polymor-
phisms were in HWE. The frequency of the minor allele of both

UBASH3A & 5LE
Table 2. Genotype and minor allele frequencies of UBASH3a SNPs located in Caucasian SLE patients and healthy controls from
Germany.
Genotype, N (%) Alleles, N{%} Allele test

SNP 1/ subgroup (N) n 12 21 1 2 Pvalue® Feg®  OR [CI 95%]%**
rsZ2TTT8 GiA Controls {n=379) 184 {48.55) 132 (3483 63 {1652 448(59.) 310 {409

SLE(n = 360) 149 (41.39) 163 W4528) 48{1333 475 (56) 245 (34) 0.0064 00128 0.75 [0.60-0092]
rsR9TETET AG  Controls in=379) 186 (49.08) 136 (35.88) 571504 458 (604 300 (39.4)

55¢ (n=360) 180 {30000 106 {29.44) T74{2055 392 (344 328 (45.4) 0.0201 00201 1.28 [1.04-1.57]
“#ll P-values have bieen calculated for the allelic model. ** Benjamini & Hochberg {1995) step-up FOR control. ***Odds ratio for the minor allele.
doit10.1371 Journal pone HOSI646.1002

SNPs: rs9976767 and 32277798 were statistically significant
different between SLE patients and healthy controls: rs9976767
P.= 002, OR=1.28 95%CI=104 1.57) and rs227798
(P.=001, OR=075, 95%CI=0.6 0.92). Lastly, we com
both the Spanish and German cohorts through a meta-analysis in
order to increase the statistical power and to determine the
combine OR (Table 3 and Figure ). This analysis showed
evidence of asociation of the minor allele of rs9976767 with
higher SLE risk (P.=4.7E-03, OR=1.23 9%%CI=1.11 1.37)
and the 2277798 with lower risk to SLE (P.=2.4 04,
OR =085, 95%CI1=0.76 0.95).

Finally, we prompted out to evaluate whether one of both
polymorphisms is responsible for the associations detected using a
logistic regression analysis, Pair-wise conditional analysis showed
that the association of the rs2277798 SNP was explained by the
139976767 eflect, because only the coefficient for the test of
139976767  remained  significant  (model  conditioned by
rs2277798P = 0.76; model conditoned by 9976767 P=9E-03,
Table 4).

Discussion

UBASH3a is implicated in the regul of tyrosine phosph
ylation levels within T cells and is involved in facilitates the
apoptosis induced in these cells. UBASHa binds o the apoptosis-
inducing protein AIF, which has previously been shown to
function as a key factor of caspase-independent apoptosis [9]. It
has also been reported that SLE T cells, compared with control T
cells, undergo an increased rate of apoptosis, which contribute to
SLE pathogenesis [4]. Changes in the UBASHZa structure or
expression levels can affect the binding with AIF leading to an
alteration in the apoptosis level.

Herein, we described for the first time the
UBASHTa genetic variants in SLE susceptibility.

influence of five
Interestingly, the

Table 3. Meta-analysis of two UBASH3a genetic variants within Spanish and German SLE populations.

Genotype, N (%) Alleles, Ni%) Allele test
SNP v Subgroup (N) " 1”2 22 1 2 Pvalue* Prpg**  OR [CI 95%]***
rsXITITOR Gin Controls n=1544) 609 {30.44) T3 (4508) 222 (1438) 1931 (625 1157 (375
SLE {n = 1266 565 (44.63) 543 (4289) 158(12.48) 1673 {86.7) 859 (33.9) 0.0047 4TEQ3  0.85 [0.76-0.95)
rs99TeTET MG Controls (n=1544) 499 (3233) 744 (4819) 307 (19.49) 1742 (564) 13446 (434)
SLE in = 1266) 336 (26.54) 631 (4984) 299 (2352) 1303 {515 1229{485) 12604 24E04 123[1.11-127)

doit10.1371 fjournal pone.0060546.1003

PLOS ONE | www.plosone.org

“All P-valses bave been caleulated for the allelic model, **Benjamini & Hockberg {1995} step-up FOR control, ***Odds ratio for the minos allele,
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UBASH3IA & SLE

Table 4. Conditional logistic regression analysis for two UBASH3a SNPs located in SLE considering the two European populations

rs9976767 p

p Value:add  value: add to .
Group of analysis SNP MAF Cases  MAF Controls to rs9976767 SNP r2 with rs9976767
Spair Germary
SLE
2277798 034 08 0758 0.0087 045 0.41

doir1 01371 Journal pone 0060646 1004

39976767 polymorphism is located in the intronic region between
the exons 5 and 6 while the other four studied SNPs (rs2277798,
rs2277800, rs13048049 and rs17114930) are non-synonymous
changes located in three different exons. The intronic regions
flanking constitutive exons contain potential splicing regulatory
sequences. Moreover, a study restricted to analysis of the canonical
splice signals reported that 15% of point mutations disrupted
splicing, a likely gross underestimate of the impact of splicing on
human disease [10]. This suggests that the rs9976767 polymor-
phism could be affecting the expression of different UBASH3a
isoforms consequently affecting the binding to AIF. Concerning to
this we checked if there is any relation between the rs9976767 and
expression of UBASH3a gene using expression quantitative trait
loci (eQTL) databases. Interesting, there is a significant statistical
correlation between the increase of UBASH3a expression in
lymphoblastoid cell lines and the homozygotes for the minor
allele of rs9976767 (rho =0.483, P = 1.3E-05; Figure S2A) in one
of the two groups of twins studied (this observation was done using
Genevar 3.2.0 software) [11,12]. Furthermore the eQTL studies in
asthma showed that the SNPs (rs9784215, rs3746923, rs2277797)
with highest LOD score (LOD>4.5, P<<1E-05) in the UBAHS3a
locus are in moderate to high LD with rs9976767 (Figure S2B and
C; this observation was done using mRNA by SNP Browser 1.0.1
http://www.sph.umich.edu/csg/liang/asthma/) [13,14]. This ev-
idence suggested that rs9976767 could have a functional role in
the regulation of the expression of UBASHZa. However, and
according with HapMap project (http://hapmap.ncbinlm.nih.
gov/), this SNP tags other six variants in this region (157278547,
rs11702374, 159976479, rs3746924, rs3761378, 1s7283281;
r*>0.95) and considering the present study and the previous
GWAS [15,16] we have studied approximately 15% of the genetic
variation of UBASH3a locus. In order to cover all the genetic
variation of this gene, it is necessary to genotype 181 SNPs
(calculated through an aggressive tagging with 2-marker haplo-
types in Haploview 4.2 software using CEPH population from
HapMap project). All these together suggest that the rs9976767 is
a good functional candidate risk factor to SLE, but it could be
more than one variant related to SLE.

No previous reports have associated the rs9976767 UBASH3a
polymorphism with SLE. Nevertheless, it is worth noting that the
rs9976767 SNP or its six tags variants were not included in
previous genome wide association studies (GWAS) in Caucasian
SLE cohorts [15,16]. Although the statistical power is 96% for our
meta-analysis (calculate using a p value=0.05:OR=1.2:
MAF=0.4), the results found in our study should be replicated
in different Caucasian cohorts and other populations. Furthermore
there is a need to determine whether the statistical associations are
related with the involvement of UBASH3a in the pathogenesis of
SLE and other autoimmune diseases. Regarding to this, the
UBASH3a gene seems to be a common genetic factor in
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autoimmune diseases because different polymorphism of this locus
has been associated with autoimmune diseases like T1D, CD, RA
and vitiligo [6,17 21]. Our results showed that the minor allele of
the rs9976767 UBASH3a polymorphism is a risk factor to SLE, as
similarly observed with T1D [6]. Nevertheless, there is no
evidence of association between this variant and other autoim-
mune diseases. This can be linked with the suggestion that
common genetic factors in autoimmune diseases could match a
regional level but differ in the specific genetic variant associated to
each disease, like the associations observed with /L2 IL2] and
MHC loci [22]. Based on the concept of quantitative thresholds
for immune-cell signalling, the effect of the rs976767 UBAHS3a
variant could diversely affect the range of values for the stimulus-
response selection of the immune cells in different autoimmune
pathologies, making it more or less relevant in different diseases
[3].

In conclusion, our study showed the first evidence of association
of the UBASH3a gene with the genetic background of SLE.
Together the functional role of the protein encoded by this gene,
the reported data in the eQTLs databases and our results point to
the UBASH3a gene as a new element in the pathogenic mechanism
of autoimmune diseases.

Supporting Information

Figure §1 Pattern of linkage disequilibrium of the five
studied SNPs and their location in the UBAHS3a gene.
The values correspond to r2 calculated for the Spanish cohort.
The rs2277798 polymorphism [G/A] is located in exon 1 of
UBASH3a gene. It’s a no-synonymous change in the position 18 of
the protein (S[Ser]/G[Gly]). The rs2277800 polymorphism [C/T]
is also located in exon 1 of UBASH3a gene and generate a change
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 no-synonymous changes in
exons 7 and 11, respectively. The first one produce a change from
arginine (R[Arg]) to glutamine (Q[GIn]) 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.

(TIF)

Figure $2 Results observed using different expression
quantitative trait loci (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 (http://www.
sanger.ac.uk/resources/software/genevar/) [1]. The eQTL anal-
ysis was performed in lymphoblastoid cell lines from peripheral
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blood sample (n== 74). The plot corresponds to one of the two
twins groups stucied [2]. {B) Linkage disequilibrium {LD)
plot performed in Haploview 4.2 [3]. 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 (http://www.sph.umich.edu/csg/liang/asthma/) based
on eQTL studies in asthma [4,5]. The LOD scores and P values
for those SNPs are: 1rs9784215, LOD=4.909 P =2E-06;
rs3746923, LOD=4.905 P=2E-06; rs2277797, LOD=4.68
P =34E-06. They are signalled as red dots in the LOD plot. 1.
Yang TP, Beazley C, Montgomery SB, Dimas AS, Gutierrez-
Arcelus M, et al. (2010) Genevar: a database and Java application
for the analysis and visualization of SNP-gene associations in
eQTL studies. Bioinformatics 26: 2474-2476. 2. Nica AC, Parts L,
Glass D, Nisbet J, Barrett A, et al. (2011) The architecture of gene
regulatory variation across multiple human tissues: the MuTHER
study. PLoS Genet 7: €1002003. 3. Barrett JC, Fry B, Maller J,
Daly MJ (2005) Haploview: analysis and visualization of LD and
haplotype maps. Bioinformatics 21: 263-265. 4. Dixon AL, Liang

References

. Tsygankov AY (2009) TULA-family proteins: an odd couple. Ciell Mal Life Sci
66: 2949-2952.

. Zenewicz LA, Abraham C, Flavell RA, Cho JH (2010) Unraveling the genetics
of autoimmunity. Cell 140: 791-797,

. Cho JH, Gregersen PK (2011) Genomics and the multifactorial nature of human
autoimmune disease.N Engl ] Med. 2011/10/28 ed. 1612-1623.

. Guerra SG, Vyse TJ, Cunninghame Graham DS (2012) The genetics of lupus: a
functional perspective. Arthritis Res Ther 14: 211.

. Hochberg MC: (1997) Updating the American College of Rheumatology revised
criteria for the classification of systemic lupus erythematosus, Arthritis Rheum
40: 1725,

. Grant SF, Qu HQ), Bradficld JP, Marchand L, Kim CE, et al. (2009) Follow-up
analysis of genom=-wide association data identifies novel loci for type 1 diabetes.
Diabetes 58: 290-295.

. Benjamini Y HY (1995) Controlling the false discovery rate: a practical and
powerful approach to multiple testing. J R Statist Soc B 57: 289-300.

. Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira MA, et al. (2007)
PLINK: 2 tool set for whole-genome association and population-based linkage
analyses. Am J Hum Genet 81: 559575,

. Collingwood TS, Smirnova EV, Bogush M, Carpino N, Annan RS, et al. (2007)
T-cell ubiquitin ligand affects cell death through a functional interaction with
apoptosis-inducing factor, a key factor of caspase-independent apoptosis. J Biol
Chem 282: 30920-30928.

10. Yeo GW, Van Nostrand EL, Liang TY (2007) Discovery and analysis of
evolutionarily coriserved intronic splicing regulatory clements. PLoS Genet 3:
e85,

11. Nica AG, Parts L, Glass D, Nisbet J, Barrett A, et al. (2011) The archi of

o

w

-~

o

3

~

o

©

Revisiting the genetic puzzle of autoimmune diseases

UBASH3A & SLE

L, Moffatt MF, Chen W, Heath S, et al. (2007) A genome-wide
association study of global gene expression. Nat Genet 39: 1202-
1207. 5. Moffatt MF, Kabesch M, Liang L, Dixon AL, Strachan
D, et al. (2007) Genetic variants regulating ORMDL3 expression
contribute to the risk of childhood asthma. Nature 448: 470-473.
(T1F)

Acknowledgments

We thank to GemaRobledo, Sofia Vargas and Sonia Garcia for their
excellent technical assistance. we thank to all donors, patients and controls.
We thank BancoNacional de ADN (University of Salamanca, Spain) who
supplied part of the control DNA samples.

Author Contributions

Colection of the samples and clinical information: NOC JMS FJGH EDG
MAGG TW HJA MFGE. Review of the manuscript: ES NOC JMS FJGH
EDG MAGG TW HJA MFGE. Conceived and designed the experiments:
LMDG ES JM. Performed the experiments: LMDG ES. Analyzed the
data: LMDG. Contributed reagents/materials/analysis tools: LMDG ES
NOC JMS FJGH EDG MAGG TW HJA MFGE JM. Wrote the paper:
LMDG JM.

visualization of SNP-gene associations in ¢QTL studies. Bioinformatics 26:
2474-2476,

13. Dixon AL, Liang L, Mofatt MF, Ghen W, Heath S, et al. (2007) A genome-wide

association study of global gene expression. Nat Genet 39: 12021207,

Moffatt MF, Kabesch M, Liang L, Dixon AL, Strachan D, et al. (2007) Genetic

variants regulating ORMDL3 expression contribute to the risk of childhood

asthma. Nature 448: 470-473.

Harley JB, Alarcon-Riquelme ME, Criswell LA, Jacob CO, Kimberly RP, et al.

(2008) Genome-wide association scan in women with systemic lupus erythema-

tosus identifies susceptibility variants in ITGAM, PXK, KIAA1542 and other

loci. Nat Genet 40; 204-210,

Kozyrev SV, Abelson AK, Wojcik J, Zaghlool A, Linga Reddy MV, et al. (2008)

Functional variants in the B-cell gene BANK | are associated with systemic lupus

erythematosus. Nat Genet 40: 211-216.,

17. Concannon P, Onengut-Gumuscu S, Todd JA, Smyth DJ, Pociot F, et al. (2008)
A human type | diabetes ibility locus maps to ch 21q22.3.
Diabetes 57: 2858-2861.

18. Jin Y, Birlea SA, Fain PR, Gowan K, Riccardi SL, et al. (2010) Variant of TYR
and autoimmunity susceptibility loci in generalized vitiligo. N Engl J Med 362:
1686-1697.

19. Smyth DJ, Plagnol V, Walker NM, Cocper JD, Downes K, et al. (2008) Shared

and distinct genetic variants in type 1 diabetes and celiac disease. N Engl J Med

359: 2767-2777.

Stahl EA, Raychaudhuri §, Remmers EF, Xie G, Eyre S, et al. (2010) Genome-

wide association study meta-analysis identifies seven new rheumatoid arthritis

risk loch, Nat Genet 42: 508-514.

Zhernakova A, Stahl EA, Trynka G, Raychaudhuri S, Festen EA, et al. (2011)

M lysis of ide association studies in celiac discase and

B

“

L

20.

S

21.

gene regulatory variation across multiple human tissues: the MuTHER study.
PLoS Genet 7: ¢1002003,

12. Yang TP, Beazley C, Montgomery SB, Dimas AS, Gutierrez-Arcelus M, et al.
(2010) Genevar: a database and Java application for the analysis and

PLOS ONE | www.plosone.org

rheumatoid arthritis identifies fourteen non-HLA shared loci. PLoS Genet 7:
1002004

Diaz-Gallo LM, Martin J (2012) Clommon genes in autoimmune diseases: a link
between immune-mediated diseases. Expert Rev Clin Enmunol 8: 107-109.

22.

I~

April 2013 | Volume 8 | Issue 4 | e60646

The supplement information of this manuscript Figure S1 and Figure S2 correspond to

the Figures 11 and 12 of the discussion of this thesis.




DISCUSSION

Revisiting the genetic puzzle of autoimmune diseases

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
AlIDs. 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 152476601 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 Chlrzgfif:‘me Polymorphism Phenotype Subphenotype c::;:ilsnstlrz:ls P value OR 95% CI Other associated AlDs
PTPN22 1pl1 rs2476601 SSc 4063:4406 0.03* 1.15 1.03-1.28 RA, SLE, T1D and Grave's diseases
ACA+ 1376:4126 0.022* 122 1.05-1.42
cD 9254:8766  7.4E-06* 0.81  0.75-0.89
lleal 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
CcD 1903:3107 0.22 1.16 0.91-1.47
uc 1677:3107 0.013* 0.69 0.51-0.93
STAT4 2932 rs7574865 ch 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
IL2-1L21 4927 rs6822844 SSc 4407:5792 6.6E-04* 0.86 0.79-0.93 RA, SLE, IBD, T1D, Grave's diseases, celiac disease
IcSSc 2977:5792 6E-04* 0.84 0.76-0.92
CD24 6921 rs8734 cD 366:628 0.64 0.95 0.78-1.17 RA, SLE, Multiple sclerosis, giant cell arteritis
ucC 322:628 0.27 1.12 0.91-1.38
rs3838646 CcD 371:629 6.4E-03 161 1.71-2.21
diagnosis age
from 17 to 40 268:629 6.62E-05 2.27 1.59-3.24
years old
uc 310:629 0.66 0.92 0.62-1.35
BAK1 6p33 rs513349, RA 484:829 NS
rs561276,
rs5745582 SLE 633:829 NS
UBASH3a 21943 rs997676 SLE 1266:1544  2.4E-04* 1.23  1.11-1.37 RA, T1D and celiac disease

* The p values, OR and 95% Cl 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 1L10
locus (T1D OR=0.76, CD OR=1.24), rs917997 in the IL18RAP region, rs4788084 in the
NUPRL/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<I) 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 TID 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
AlDs. 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 1s33996649 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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an activation of the TCR signalling would protect against the development of CD and

UC, respectively.

OR=0.63
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Figure 6. Representation of LYP (encoded by PTPN22 gene) and the functional
mutations associated with the development of AIDs. In the immunological synapses are
involved the antigen presenting cell and the T cell. Among the important molecules of
the interaction are the MHC and TCR; and one of the proteins that interfere in the
regulation signalling of the TCR is LYP. Two functional polymorphisms rs2476601
(R620W) and rs33996649 (R263Q) in the PTPN22 gene that encodes LYP, have been
associated with the genetic susceptibility to AIDs. The abbreviations for the AIDs
studied in this Thesis and their respective reported OR in Caucasian populations are
indicated [106, 115, 116]. As part of the contribution of this Thesis in the shared genetic
component of AIDs are the study of both PTPN22 variants in IBD (CD and UC) and
SSc [209, 211].

STAT4 & IBD

We observed through a meta-analysis in a Spanish population that the minor allele of
the rs7574865 polymorphisms in the STAT4 gene is a risk factor to develop UC [213].

Previous to our study, a CGAS for this variant in an IBD Spanish case-control cohort
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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 Sjogren’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 Thl 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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in STAT4 mRNA level in the colonic mucosa and peripheral bone marrow cells
(PBMCs) of the patients compared with controls [236]. A difference that the authors of
the study did not mention on their manuscript and it is in line with our results of
association, it is that the over expression seems to be higher for UC than CD patients,
according to the graphics and the p-values. Moreover they reported a reduce DNA
methylation in the -172 STAT4 promoter region in the homozygous for the risk allele of
the rs7574865. Also, the authors observed an overexpression of STAT4’s mRNA of the
157574865 risk allele carriers. Taken into account that STAT4 enhance the Thl response
that is related with IBD in animal models, that the STAT4 overexpression could be
higher in UC patients than CD or healthy controls, that there is a correlation with the
STAT4 expression and the presence of the rs7574865 risk allele and in turn this allele
has been associated with an increase risk to UC, we can suggest that the rs7574865
STAT4 polymorphism plays a role that is mark in UC but not in CD. Finally, it is
interesting highlight that we observed in the study of PTPN22 and IBD a differential
association between both UC and CD and according with the previous discussion there
is a similar phenomenon with the STAT4 rs7574865 SNP in these diseases. The
associations of the PTPN22 and STAT4 studied genetic variants have similar effects in
UC as in RA, SLE or SSc while it seems to be an opposite effect in CD compared with
these AlDs.

Ulcerative colitis Crohn's disease
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Figure 7. Forest plot for meta-analysis of the T allele frequency of the rs7574865
polymorphism of STAT4 in IBD. We pooled together the cohorts included in our
publication and the studies that evaluated the influence of the same polymorphism in
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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 1L2-1L21 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 Thl and Th2 cells [239]. Moreover, IL2 is
implied in maintain peripheral T cell tolerance [239, 240]. On the other hand I1L21 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 I1L21 [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].
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The minor allele of the rs6822844 IL2-1L21 variant exhibited a protective effect to SSc
and 1cSSc in our study (Table 2) [215]. The same effect direction has been observed in
the previous associated AIDs with the IL2-1L21 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 IL2-1L21 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, 1s907715 and rs6822844 is low (r*=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 IL2-1L21 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



DISCUSSION

Revisiting the genetic puzzle of autoimmune diseases

expression of proxy gene involved in pigmentation [249]. This associated SNP resides
in the intron of a different gene, 21 kilobases upstream of the gene implicated in
pigmentation. The authors of the study demonstrated that this hit SNP region is an
enhancer-promoter looping involved in the expression regulation of the gene directly
implicated with the colour phenotype. These suggested that associated SNPs could be
marking the three-dimensional structure of DNA that has been recognized as playing an
important role in the regulation of the gene expression [250]. The rs6822844 genetic
variant could be implicated in the AIDs pathogenic mechanisms affecting the three-
dimensional structure of the DNA in that locus, but to prove such hypothesis further and

specific studies are required.
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Figure 8. Location of the IL2-1L21 locus SNPs studied in SSc and their respective
LD plot. The upper part of the diagram showed the position of the IL2 and IL21 genes
and their closer genes among them: KIAA1109, ADAD1, FGF2 and NUDTG6. The middle
part of the figure shows a zoom of the location of the IL2, IL21 genes and the four
studied SNPs. The rs2069762 variant is located in the flanking 5’-untranslated (UTR)
region of IL2 gene. The rs6822844 and rs6835457 SNPs are located in the flanking 3’-
UTR region of IL21 gene. The rs907715 polymorphism is located in the intron 3of the
IL21 gene. In the lower part is represented the LD plot for these four variants in the
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European descendent populations that were evaluated in our study [215]. The scheme
colour and the values show represent the r* 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 6g21 [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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genotyping of SNPs. The SNPs from segmental duplications are well described and can
be detected through the Hardy-Weinberg equilibrium test (HW) and in abnormalities in
the genotyping patterns [251]. We observed that our IBD studied exhibit normal
genotyping patterns and the studied cohort were in HW equilibrium, this together with
the functional reports suggest that could be an important role of the CD24 gene in the
pathogenesis of CD and other AIDs. Nevertheless, these results should be taken
carefully. Direct sequencing of this gene for the identification of better genetic markers

is required to refine the CD24 genetic role in AIDs.

CD24 gene rs8734 T226C re3838646 P1527del
Y, . v
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Figure 9. Representation of the CD24 gene and the location of rs8734 and
rs3838646 genetic variants. The cDNA of the CD24 gene has particular features.
Around 10% of its ~2 kb of mRNA, is the protein coding portion; the leading 90%
constitute a long 3'UTR [153, 154]. Modified from Wang et al. [151]

BAK1, RA & SLE

As we mentioned before a dysregulation in apoptotic process can affect the homeostasis
immunologic cells leading the escape of self-antigens activated cells that can produce
AlIDs. In turn genes like BAK1 that regulate apoptosis are good candidates to explore
associations between polymorphisms in those loci and AIDs. We investigate the
relationship between three polymorphisms (rs513349, rs561276 and rs5745582) in the
BAK1 gene, RA and SLE in Spanish population (Figure 10) [210]. These SNPs were
previously associated with RA, SLE and Sjogren’s syndrome in a Colombian
population [168]. We observed that these genetic variants were not associated with RA
either with SLE in the Spanish population studied. The first possibility that could
explain the opposite results is the difference among the genetic structure of Latin
American and European descendent populations. We mentioned before the best know

example of this, the PTPN22 variant that have been associated with different AIDs in
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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 AlDs,

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
152476601 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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results. Unfortunately we do not have enough clinical information from both cohorts to

determine that the opposite results are due to such explanation.

NM_001188.3

Figure 10. Pattern of LD of the three studied SNPs and their location in the BAK1
gene. The tree variants show in the figure were associated as genetic susceptibility
factors in a Colombian population [168], but the results of our study suggest that these
polymorphisms do not have the same effect in RA and SLE patients from Spanish
origin [210].

UBASH3a & SLE

UBASH3a is a good example of how the genetic studies in AIDs have helped to find
unexplored pathogenic pathways. The protein ubiquitination, analogous to the protein
phosphorylation, is regulating immune signal mechanism based on the addition and
removal of ubiquitin from proteins[259]. We studied five polymorphisms (rs2277798,
rs2277800, 1s9976767, rs13048049 and rs17114930) of the UBASH3a gene in SLE in a
Spanish population. When we started the study and selected the SNPs, the intronic
rs9976767 SNP was a strong association signal observed in GWAS in type 1 diabetes
[172] so we decided to evaluate its influence in SLE. We included in our study the

other four SNPs because they are non-synonymous variants and they had reported
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frequency information in the HapMap project (Figure 11) [76]. Our results reported for
the first time the influence of UBASH3a polymorphisms in SLE European descendent
populations [214]. We observed that the minor alleles of the 1s2277798 and rs9976767
genetic variants were associated with protection and risk to SLE, respectively. The
152277798 (A136G) generates a change from serine to glycine at position 18 in exon 1;
this change could affect the function of the protein that is involved in apoptotic process.
Nevertheless, a regression logistic analysis indicated that the rs9976767, located in the
intronic region between the exons 5 and 6, is the SNP that better explain the
associations amornig the studied genetic variants. As we discussed in our manuscript the
1$9976767 variant could alter splicing mechanisms of the UBAHS3a and the
homozygotes for the minor allele are correlated with a higher expression levels of this

gene in lymphoblastoid cell lines (Figure 12).

P T SN L-LoL r52277206 - LR 1s9976767 %49 = ILLELUNIR rs17114930 = W,
UBASHIA —t + t —1 1 } - |
— i TMPHSID

rs9976767
rs13048049
rs17114930

Figure 11. Pattern of LD of the five studied SNPs and their location in the
UBAHS3a gene. The values correspond to r2 calculated for the Spanish cohort. The
rs2277798 polymorphism [G/A] is located in exon 1 of UBASH3a gene. It is a non-
synonymous change in the position 18 of the protein (S[Ser]/G[Gly]). The rs2277800
polymorphism [C/T] is also located in exon 1 of UBASH3a gene and generate a change
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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[GIn]) 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,
1s3746923, 152277797 SNPs which exhibited the highest LOD score (LOD>4.5, P<IE-
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 1)
AlDs associated SNPs of genes involved in T and B cell differentiation signalling: the
1s7574865 STAT4, the rs6822844 |L2-1L21 and the rs3838646 CD24 polymorphisms. ii)
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AlIDs associated genetic variants of genes involved in immune cell signalling: the
152476601 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, IL2-1L21, 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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Figure 13. Complex quantitative thresholds model behind the aetiology of AIDs.
The immune regulation and reactivity (represented by the axis called Response) is a
trait that exists on a continuum (Continuum phenotypes) and is set by thresholds for
cell activation and reaction (represented by the axis Stimulus Strength) [2, 266]. 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 (Continuum phenotypes), due to the genetic (represented by the axis Genetic
Susceptibility alleles) and environmental variability (red curve lines called
Environmental factors and its variation) and the interaction between them
(Epigenetics). The threshold liability (represented as the three-dimensional zone
marked as Zone of normal physiological response and Zone of autoimmune
diseases) can take any shape (Continuum phenotypes), determinated by multiple
variable factors, among them the cumulative content of disease susceptibility that an
individual inherit [4].

Other multidimensional factor that adds more complexity to the quantitative thresholds
model is the epigenetics. This phenomenon could link the environmental and genetic
factors in AIDs. Moreover, part of the explanation of common genetic background in
different AIDs, could be given by epigenetics. Due to this mechanism different

phenotypes can be originated from identical DNA genomic sequence [267]. Epigenetic
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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
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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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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 (1s33996649), 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. Ouwr 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 1cSSc subphenotype in European descendent populations.

6. The three studied polymorphisms of the BAK1 gene (rs513349, rs561276 and
1s5745582), formerly related with Sjogren 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.

. 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.

. Taken together, our results support a shared genetic background among different
AlDs. 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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