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ABSTRACT 
Rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE) share a complex 
etiology consisting of both genetic and environmental components. Stimulation of 
lymphocytes and various other immune cells, release of cytokines, activation of 
complement and production of autoantibodies due to loss of tolerance to self-antigens, 
contributes to the pathogenesis of both RA and SLE. These two complex diseases also 
share genetic factors such as those in the HLA, PTPN22, STAT4 and 6q23 loci, but their 
respective clinical phenotypes are clearly different. RA is characterized by symmetric 
arthritis of peripheral joints, which is chronic and progressive. In contrast, arthritis is 
only one among several clinical manifestations of SLE. Malar rash, photosensitivity, 
serositis and nephritis are a few indicatives of SLE but not of RA. The two clinical 
diseases seldom overlap and it is therefore thought that different etiological factors lie 
behind these two complex diseases. Such etiologic factors could be genetic factors with 
some being specific for SLE and others being specific for RA or alternatively the 
differential factors could be environmental. To scrutinize the genetic and environmental 
factors as well as the clinical characteristics within RA and SLE may allow us to easier 
characterize important subgroups within these two heterogeneous diseases. The overall 
aim of this thesis was to re-evaluate the contribution of the HLA loci in rheumatic 
diseases in view of new data regarding autoantibody status in RA and SLE. We provide 
novel data for RA in two different disease subtypes, i.e. with presence or absence of 
anti-citrullinated peptide antibodies (ACPA). Our data supports different genetic and 
etiological backgrounds for these two subsets by demonstrating distinct associations of 
risk and/or protection conferred by different genes/alleles within the extended HLA 
locus. For ACPA-positive RA we demonstrate a new finding where HLA-DPB1 was 
shown to associate with this subset only. Further, we confirm the protective effect from 
HLA-DRB1*13 which also seem to neutralize the effect observed from the shared 
epitope alleles in ACPA-positive disease. In addition, by scrutinizing the gene-
environment interaction between HLA-DRB1 shared epitope alleles and smoking in 
ACPA-positive RA we observed that even though the different shared epitope alleles 
are associated with different magnitudes of increased risk of ACPA-positive RA, the 
shared epitope-smoking interaction was found to be uniform. Concerning ACPA-
negative RA, we observe that the previously associated DRB1*03 allele did not by 
itself increase the risk for development of the disease, rather in the combination with 
DRB1*13. For SLE, we confirm in two Caucasian cohorts, that low copy number 
variation (CNV) of C4A together with HLA-DRB1*03 associates with development of 
the disease. In addition, we define three different subgroups of SLE characterized by 
presence of the SSA/SSB and antiphopsholipid (aPL) autoantibodies and the HLA-
DRB1 alleles *03, *04 and *15. These findings are similar to what we previously 
demonstrated for RA regarding definition of different subgroups correlating to 
autoantibody profiles and HLA-DRB1 alleles. Based on our observations, we suggest 
that these three subgroups of the disease should be considered in future studies of 
genetic and environmental risk factors of SLE. With these data, we hope to add on to 
the previous knowledge of how to be able to more clearly define distinct subgroups and 
by that, contribute to better prediction of disease development and improve targeted 
therapy for RA and SLE. 
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1 INTRODUCTION 
1.1 OVERVIEW OF THE IMMUNE SYSTEM 

Our immune system enables us to resist infections even though we are constantly being 
exposed to infectious agents, and is commonly divided into two major types, the innate 
or non-specific immune system and the adaptive or specific immune system. The 
immune system is made of special cells, tissues and organs to defend us against 
invading infectious agents. The cells involved are white blood cells, or leukocytes 
(phagocytes and lymphocytes) produced and stored in many locations within our body, 
including thymus, spleen, bone marrow and lymph nodes. The most common type of 
phagocytes is the neutrophil, which primarily fights bacteria. The lymphocytes start out 
in the bone marrow where they either stay and mature into B cells or they leave for the 
thymus gland and mature into T cells. 
 
There are several lines of defences to defend our body against infections, the first one 
being physical barriers such as the skin, mucosal membranes and endothelial linings. 
The second one is the innate immune system where macrophages seem to be important, 
expressing pattern recognition receptors (PRRs) such as toll-like receptors (TLRs). 
Macrophages become activated through recognition of pathogens destroying and 
ingesting the foreign substances. The acute phase proteins and the complement system 
proteins bind to bacteria and other foreign materials and by doing so, sending signals to 
macrophages to react. Thus our innate immune response reacts rather quickly but is not 
very specific. The third line of defence is known as the adaptive immune system made 
up of B cells and T cells and is characterized by the ability to change and adapt in 
response to invasion but also to remember who they met before and by that give a more 
rapid and efficient response. Thus adaptive immunity is slower than innate but more 
specific. 
 
B cells express antigen recognizing receptors on their surface known as B cell receptors 
(BCR) and plasma cells produce specific antibodies acting as soluble receptors 
recognizing foreign material, tagging it to facilitate uptake and destruction by 
macrophages. A number of different T cells exist, mainly T-helper cells (TH, CD4+), 
cytotoxic T cells (CD8+), memory T cells and regulatory T cells (Treg). T helper cells 
can be divided into three different subtypes: TH1, TH2 or TH17 cells. Antigen presenting 
cells (APCs) present foreign peptides to T cells and when activated, TH1 cells produce 
cytokines such as interleukin-2 (IL-2), tumour necrosis factor (TNF) and interferon-γ 
(IFN-γ) activating macrophages, stimulating B cells to produce antibodies and inhibit a 
TH2 response. TH2 cells produce interleukin-4 (IL-4) and transforming growth factor-β 
(TGF-β) activating B cells to produce antibodies and inhibit a TH1 response (1). 
 
Studies on the proinflammatory response have demonstrated the importance of the TH1 
associated cytokines IFN-γ, TNF, IL-1 and IL-6 suggesting rheumatoid arthritis (RA) 
to be a TH1 cell mediated disease (2). In opposite, patients with systemic lupus 
erythematosus (SLE) have a pronounced B cell activity, pointing towards a TH2 cell 
mediated disorder (3).  
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1.1.1 Autoimmunity 

Complex autoimmune diseases are chronic diseases initiated by a loss of immunologic 
tolerance to self-antigens. It is generally thought that both genes and environment 
control autoimmune diseases, increasing the susceptibility to autoimmunity by 
affecting the immune system. Autoimmune diseases generally develop as a result of 
damage induced in one or more organ systems due to inappropriate activation of 
immune-mediated inflammation. Approximately 3-5% of the population is estimated to 
be affected by autoimmune diseases, where commonly a higher disease incidence is 
seen in women than in men (4, 5).  
 
1.2 GENETIC VARIATIONS IN THE GENOME  

The central dogma of genetics saying that the information flows from DNA to RNA to 
proteins, emerged during the 1930s and 1940s (6). A few years later, Watson and Crick 
resolved the structure of DNA to be a double helix with base pairing (7) and in the late 
1960s, a number of investigators cracked the genetic code. Today we know that only 
approximately 2% of the human genome codes for protein and still a lot of effort is put 
on how to read the message in the remaining 98%. 
 
1.2.1 Microsatellites, SNPs and CNVs 

Genetic variations in humans exist at both the individual as well as the population level. 
Any given gene may posses multiple variants in the human population, commonly 
referred to as alleles, leading to polymorphism. Variations throughout our genome have 
been important for the process of the human evolution, contributing to population 
heterogeneity rather than a single pure genetic line.  
 
The “one gene, one disease” model is too simple when it comes to complex disease 
genetics and cannot sufficiently explain the familial clustering of diseases that do not 
show Mendelian inheritance or the complex phenotypes. To identify causative genes or 
loci in the human genome, different types of variations can be used.  
 
The most frequently used variations have historically been microsatellite markers, 
which are short repeated sequences occurring throughout the genome. Unfortunately, 
even though they are informative they are spaced relatively far apart giving a rather low 
resolution. A denser map can be achieved by using the over 10 million single 
nucleotide polymorphisms (SNPs) that are present in our genome (8). Depending on 
their location and action, SNPs can be either coding if present in gene exons, non-
coding if present in introns and intergenic if present between genes. Further, SNPs can 
be either synonymous and not changing the amino acid of the peptide or non-
synonymous changing the amino acid but the peptide is still translated as usual 
(missense) or alternatively, the amino acid change leads to a translational stop 
(nonsense).  
 
SNPs were long thought to be the biggest contributor to the diversity within our 
genome but have lately fallen in the shadow of a feature known as copy number 
variation (CNV). CNVs include deletions and duplications of genes ranging arbitrary 
from 1 kilobase to several megabases in size and have been demonstrated to be rather 
common in the human genome (9, 10). However, the role of CNVs in complex diseases 
and their contribution to genetic diversity are still being unravelled. 
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1.3 RHEUMATOID ARTHRITIS 

Rheumatoid arthritis (RA) is one of the most common autoimmune diseases, 
characterized by chronic inflammation of systemic joints. Often the synovial membrane 
becomes inflamed and progresses to destruction of cartilage and bone. In addition, RA 
may be associated with cardiovascular events, renal and pulmonary disorders (11). The 
peak onset of the disease is between the age of 50 and 60 (12), and if proper treatment 
is not provided, RA can lead to a 5-15 year shorter lifespan (11).  
 
The prevalence of RA is estimated to be 0.5%-1.0% worldwide (~0.8% in Swedish 
population) and women are affected three times more often than men. Considerable 
variation exists among different ethnicities, with a higher prevalence in populations of 
European ancestry than those of Asian ancestry (13, 14). The highest occurrence of RA 
has been observed in native American-Indian populations (Pima Indians and Chippewa 
Indians) with a prevalence of 5.3% and 6.8% respectively (12). 
 
For the classification of RA the American College of Rheumatology defined in 1987 
(15) the following criteria, where at least four of the seven needs to be fulfilled and the 
first four criteria must be present for at least 6 weeks: 
 

• Morning stiffness of >1 hour  
• Arthritis of >3 joints/joint groups 
• Arthritis of hand joints 
• Symmetric arthritis 
• Subcutaneous nodules 
• Rheumatoid factor  
• Radiological changes  

 
Thus, RA can be considered a heterogeneous disease with differences in disease 
severity and progression with a range of clinical manifestations. Therefore RA is, rather 
than a being a single disease, often regarded as a syndrome representing a collection of 
diseases. It is known that both environmental and genetic factors contribute to the 
pathogenesis of RA, but the complete etiological picture remains unclear.  
 
1.3.1 Autoantibodies in RA 

A common and characteristic feature of rheumatic diseases is presence of 
autoantibodies. Autoantibodies in RA are useful both for diagnosis and prognosis of the 
disease. Since RA is a heterogeneous disease, it is helpful to separate RA into disease 
subsets based on presence or absence of different autoantibodies i.e. RF and ACPA. 
 
1.3.1.1 Rheumatoid factor 
Historically, the immunological hallmark of RA has been the rheumatoid factor (RF), 
an antibody directed against the Fc portion (the fragment constant region) of IgG. 
When RF binds to IgG, immune complexes are formed contributing to the process of 
RA. RF is however also present in many other diseases such as SLE, Sjögren’s 
syndrome and non-autoimmune conditions and is thus not specific for RA alone. The 
specificity and sensitivity of RF have been estimated to 60-70% and 80-90% 
respectively for RA making it wishful to find even more specific diagnostic markers 
(16-18).  
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1.3.1.2 Anti-citrullinated protein antibodies 
Quite recently an antibody towards citrullinated proteins (ACPA) was discovered (19, 
20). Citrulline is generated as a result of post-translational deimination of arginyl 
residues in proteins by a family of calcium-dependent enzymes called peptidyl arginine 
deiminases (PAD) (21). These enzymes have been found in several different cell and 
tissue types, including inflammatory cells (22-26). Furthermore, citrullinated variants 
of some proteins such as fibrinogen (27), vimentin (28, 29) and α-enolase (30, 31) have 
been shown to be present in increased amount during inflammation, making these 
antibodies an interesting target for research behind development and progress of RA. 
 

 
 

Figure1. Illustration of citrullination, a post-translational modification whereby the amino acid arginine 
residue is modified to the citrulline residue. 
 
Detection of ACPA have a sensitivity of up to 80% and a specificity of 98% (32-34), 
being more specific than RF and therefore maybe an even more attractive diagnostic 
tool for RA. Less than 2% of the healthy population and relatively few other rheumatic 
diseases show presence of these antibodies (35) with some exceptions for psoriatic 
arthritis (36-39), juvenile arthritis (40-43) and other conditions (44, 45) having clinical 
similarities to RA. Besides their high specificity, these markers are present early in 
disease development of RA, even before clinical onset (46, 47). In general, presence of 
ACPA leads to a more severe disease course and more destructive disease than ACPA-
negative RA (48-52). In addition, both presence and levels of ACPA has been found to 
be significantly associated with the presence of RA associated HLA-DRB1 alleles, the 
so-called ‘shared epitope’ alleles (53-55). Strikingly it seemed like the link between RA 
and HLA-DRB1 shared epitope alleles and risk for RA was confined to the ACPA-
positive subset only, whereas this genetic variation was absent for the subgroup of RA 
patients who were lacking ACPA. Later on, additional studies have demonstrated that 
risk of RA conferred by other genes, such as PTPN22, is restricted to the ACPA-
positive subset (56-58). In opposite, there have been reports on other genes such as 
IRF5 and DCIR, preferentially being associated with ACPA-negative RA (59, 60). 
 
1.3.2 Genetic risk factors in RA 

The genetic contribution to RA susceptibility has been estimated to be approximately 
60% (61). The contribution is supported by several twin studies where monozygotic 
twins display excess disease concordance (12-20%) compared to dizygotic twins (4-
5%) (62). Environmental as well as genetic factors can cause clustering of autoimmune 
diseases within families. One can estimate the degree of clustering from the ratio of the 
risk for siblings of patients with a disease and the population prevalence of that disease 
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(63). If this heritability ratio, λs, is close to 1 then there is no evidence for familial 
clustering. For RA, λs has been described to be between 2 and 17 (64).  
 
The general knowledge of susceptibility to RA has increased with human genetic 
discoveries during the last years. However, the newly discovered risk loci appear to 
confer only modest risk to RA being rather common in the general population. 
Nevertheless these studies are beginning to reveal important threads for the 
understanding of development and pathogenesis of autoimmune diseases: several risk 
loci are associated/shared with several autoimmune diseases; many genes associates 
with discrete biological pathways and diseases can be grouped into physiologically 
meaningful subset categories to better predict disease outcome and treatment. 
 
It has been known since a long time that the HLA-DRB1 gene and the group of alleles 
collectively referred to as the shared epitope confer the largest genetic contribution to 
RA (65). The HLA-DRB1 shared epitope risk alleles are in particular associated with 
the RA pattern characterized by the presence of ACPA, RF or both (54, 66). Being the 
main focus of this thesis, the genetic contribution of HLA to autoimmune diseases has 
been dedicated a chapter itself (1.5) where studies on this topic will be discussed more 
thoroughly. 
 
1.3.2.1 Shared autoimmune risk loci 
A surprisingly big overlap has been identified for multiple loci across a number of 
autoimmune diseases (67-72). Up to half of the known non-MHC risk loci in RA also 
appear to confer risk to at least one additional autoimmune disease. In the majority of 
the reports, it is the same allele that is associated with increased risk in both diseases 
but there are also gene loci that appear to have multiple risk alleles (72-75). In addition, 
there are loci predisposing to one autoimmune disease where the same allele is 
protective in another autoimmune disease, such as PTPN22 in RA and Crohn’s disease 
(76, 77). A certain overlap of susceptibility loci between RA and SLE, which are the 
two autoimmune rheumatic diseases in focus in this thesis, have been demonstrated and 
is illustrated in figure 2. 
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Figure 2. Overlap of rheumatoid arthritis (RA) susceptibility loci with systemic lupus erythematosus 
(SLE). § = Chinese, Japanese and Korean populations. * = different HLA alleles associate with RA and 
SLE. 
 
 
1.3.2.2 Ethnic differences in RA risk alleles 
The majority of studies undertaken so far have focused on populations of European 
ancestry, showing remarkable consistency in their findings. Therefore, the literature 
may somewhat be biased toward alleles associated with risk of RA in patients of 
European ancestry although several large studies have been performed involving 
individuals of East Asian ancestry, identifying for example PADI4 as a risk locus (78). 
A meta-analysis in Asian population gave further support for the association of a 
common variant of PADI4 and risk of RA (79) in opposite to several studies consisting 
of individuals of European ancestry failing to show any evidence of association 
between PADI4 and RA risk (65, 80-83).  
 
1.3.2.3 Non-MHC susceptibility genes 
Data from twin studies on HLA association have shown that only approximately 30% 
of the genetic contribution to RA can be explained by HLA (84-86) raising interest in 
search for other, non-MHC genes. 
 
The number of validated RA risk alleles has expanded beyond the HLA-DRB1 alleles 
with the advent of genome-wide association studies to include more than ten regions 
outside the HLA locus (65, 67-69, 73, 74, 76, 78, 87-89). These newly discovered risk 
alleles have modest effect on RA risk, are relatively common in the general population 
and together they explain less than 5% of the variance in disease risk (90).  
 
The most well-known and replicated risk outside the MHC locus in Caucasian 
population comes from the protein tyrosine phosphatase non-receptor type 22 
(PTPN22), in which a single nucleotide polymorphism (SNP) encoding an arginine to 
tryptophan substitution at amino acid position 620 increases the risk of RA by 40-80% 
(91).  
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Several studies have successfully identified several other loci, often confirmed in more 
than 1 cohort, shown in table 1. 

 
Non-HLA risk loci associated with RA 

Locus rs numbers Author (ref.) 
PTPN22 rs2476601 Begovich et al (76) 
  Hinks et al (91) 
  Orozco et al (92) 
  Zhernakova et al (68) 
  Van Oene et al (93) 
  Seldin et al (94) 
  Plenge et al (80) 
  Kokkonen et al (58) 
  Mastana et al (95) # 
TRAF1/C5 rs3761847 Plenge et al (87) 
 rs7021049 Chang et al (88) 
 rs10760130 Barton et al (96) 
 rs10818488 Kurreeman et al (97) 
STAT4 rs7574865 Remmers et al (67) 
  Lee et al (98) 
  Barton et al (96) 
  Martinez et al (99) 
TNFAIP3 intron 2 Orozco et al (100) 
 rs10499194 Plenge et al (73) 
IL2RB rs743777 WTCCC (65) 
  Barton et al (101) 
PRKCQ rs4750316 Barton et al (101) 
  Raychaudhuri et al (69) 
KIF5A rs1678542 Barton et al (101) 
  Raychaudhuri et al (69) 
AFF3 rs10865035 WTCCC (65) 
  Barton et al (102) 
CD40 rs4810485 Raychaudhuri et al (69) 
CTLA4 rs3087243 Barton et al (102) 
  Raychaudhuri et al (69) 
IL2-IL21 rs6822844 Zhernakova et al 
  Barton et al (102) 
  Raychaudhuri et al (69) 
PADI4 rs2240340 Suzuki et al (78) ƒ 
  Ikari et al (103) ƒ 
  Kang et al (104) ∞ 
MMEL1 rs10910099 WTCCC (65) 
  Barton et al (101) 
    Raychaudhuri et al (69) 

Cohorts of European ancestry unless otherwise indicated. 
RA= Rheumatoid arthritis, WTCCC= Wellcome Trust Case-Control Consortium Study 
# South Asian population 
ƒ Japanese population 
∞ Korean population 
 
 
1.3.3 Environmental risk factors in RA 

Since RA is a complex disease, not only genetic but also environmental factors 
contribute to disease risk. Smoking, diet, birth weight and socioeconomic status are 
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some of the features having being demonstrated modifying risk for RA, although the 
literature on environmental factors in RA remains scarce.  
 
1.3.3.1 Smoking 
Smoking is the so far strongest known environmental risk factor for RA. Several 
studies have lately demonstrated that ACPA-positive RA seems to have a specific 
association with smoking, particularly in individuals carrying the shared epitope, 
suggesting a gene-environment interaction (53, 105-109). Even more specific, α-
enolase may be the citrullinated autoantigen linking smoking to genetic risk factors in 
development of RA (31). Since presence of ACPA correlates with presence of RF, 
these findings also concur with previous studies (110, 111).  
 
Increasing doses of smoking associates with an increased risk of RA, i.e. the amount 
and duration of cigarette use. Those with more than 40 pack-years have approximately 
two-fold increase in risk of developing RA than those who have never smoked and an 
individual seems to remain at increased risk even after cessation of smoking for 20 
years or more (112). 
 
Results from the EIRA material show that smokers who do not carry the shared epitope 
have only a 1.5-fold increased risk of developing ACPA-positive RA compared to non-
smokers not carrying the shared epitope. The risk is 21-fold higher for individuals who 
smoke and carries two copies of the shared epitope (53). The same study demonstrates 
that smoking increases the proportion of citrullinated cells in the lungs, whereas no or 
little citrullinated cells could be observed in non-smokers hypothesizing that smoking 
may induce citrullination and that genetically predisposed individuals, e.g. those 
carrying the shared epitope may develop antibodies against citrullinated proteins. 
Additional studies have confirmed the interaction between smoking and HLA-DRB1 
SE alleles in ACPA-positive RA (107, 108). However, a Korean study recently showed 
that smoking increases risk of RA in individuals carrying the HLA-DRB1 SE alleles 
regardless of RF or ACPA status (113) raising further interest in this discussion. 
 
1.3.3.2 Additional environmental risk factors for RA 
In addition to smoking there are several other environmental factors that have been 
proposed to modify risk of RA, the latest one being alcohol which have been suggested 
to decrease the risk of disease development. Pedersen et al., (2006) (105), using the 
Danish CACORA material, were the first to demonstrate that individuals who 
consumed alcohol had an overall lower risk of developing ACPA-positive RA, 
compared to those who did not consume alcohol. Subsequently, Källberg et al., (2009) 
(114) demonstrated, by using the Swedish EIRA material that the effect from alcohol 
consumption was dose-dependent, where those with highest consumption had a 
decreased risk of RA compared with low-to-no consumers. 
 
Studies on diet have demonstrated equivocal results where for example vitamin D, 
which is important not only for bone and mineral homeostasis but also for regulation of 
proinflammatory responses (115) have been suggested to decrease the risk of RA, 
although with inconclusive results (116, 117). Red meat and protein intake was 
suggested a risk factor for RA based on a study showing high intake to be associated 
with an increased risk of inflammatory arthropathy (118). However, in a later study by 
Benito-Garcia, no association between amount of protein, red meat, poultry and fish 
consumption and RA risk could be found (119). 
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Since RA occurs more frequently among women, estrogens have long been thought to 
play a role in development of disease. Whether oral contraceptives suppress the risk of 
developing RA is still under debate (120-123). In a recent study by Bhatia et al (2007) 
(124) oral contraceptives were shown to have a suppressive effect on rheumatoid factor 
in non-RA patients, suggesting a protective role for development of rheumatoid factor 
but not necessarily for RA.  
 
High birth weight (>4 kg) has been described as a risk factor for RA in two 
independent studies (125, 126). The hypothesis behind high birth weight leading to an 
increased risk for disease development is a dysfunction of the hypothalamic-pituitary 
axis (HPA), which has been associated with both RA as well as high birth weight (127, 
128). 
 
Socioeconomic status, measured by education and occupation, has been shown to have 
an inverse association with risk of RA (129). Recently Pedersen et al., (2006) (130) 
showed that the decreased risk of RA was associated only to RF-positive and not RF-
negative RA. 
 
1.4 SYSTEMIC LUPUS ERYTHEMATOSUS 

Systemic lupus erythematosus (SLE) having a prevalence of 0.1% is, as RA, a systemic 
autoimmune disease characterized by presence of autoantibodies and involvement of 
several organ systems. SLE predominantly affects women of childbearing age with a 
female to male ratio of 9 to 1. There is substantial clinical heterogeneity within SLE 
where individual patients vary in terms of specific autoantibodies produced and the 
presence of skin, joint, haematological and other organ manifestations. 
 
No single diagnostic test can establish a diagnosis of SLE. As of today, the 1982 
revised criteria for classification of SLE (131) is widely used with the following 
criteria: 
 

• Malar rash 
• Discoid rash 
• Photosensitivity 
• Oral ulcers 
• Arthritis 
• Serositis 
• Renal disorder 
• Neurologic disorder 
• Haematologic disorder 
• Immunologic disorder 
• Antinuclear antibody 

 
If any 4 or more of the 11 criteria are present, a patient may be classified as having 
SLE. The clinical complexity may be reflected by underlying etiologic factors, thus 
there is a need to identify causative genes and/or other risk factors behind this 
phenotypic heterogeneity.  
 
1.4.1 Autoantibodies in SLE 

Autoantibodies are important biomarkers for numerous autoimmune disorders, so as for 
SLE and the genetic basis for autoantibody production is still poorly understood. 
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1.4.1.1 Anti-Ro/SSA and anti-La/SSB 
Anti-Ro/SSA (52 kDa and 60 kDa) and anti-La/SSB (48 kDa) are antibodies occurring 
in several autoimmune diseases at varying frequencies, being present in Sjögren’s 
syndrome, SLE, idiopathic myositis, systemic sclerosis and RA (132). Patients with a 
positive test for SSB are with a few exceptions also positive for SSA, which occurs in 
approximately 30% of SLE patients. There is an established association observed 
between presence of SSA/SSB antibodies and HLA-DRB1*03 (133). These antibodies 
have furthermore been associated with subacute cutaneous lupus erythematosus 
(SCLE), secondary Sjögren’s syndrome and neurological manifestations. In addition, 
Gustafsson et al, (2009) (134) recently reported that SLE patients being positive for 
these antibodies are less prone to develop cardiovascular disease than SLE patients 
negative for these antibodies. Taken together, it seems that SSA/SSB antibodies are 
associated with distinct clinical symptoms, which may span several autoimmune 
diseases. 

 
1.4.1.2 Antiphospholipid antibodies 
Approximately 30-40% of SLE patients have antiphospholipid antibodies (aPL) (135). 
These antibodies directed towards phospholipids are associated with venous and arterial 
thrombosis and/or pregnancy loss. The most commonly detected antibodies are the 
anticardiolipins (aCL), but others such as the lupus-like anticoagulant (LAC) and β-2-
glycoprotein 1 (β2GP1) do occur (136). Further, presence of these antibodies have been 
shown to correlated with presence of HLA-DRB1*04 in SLE (137).  
 
1.4.2 Complement in SLE 

The complement system with its multiple pathways, components, regulators and 
receptors, is a major player in innate immunity and is also important in the adaptive 
immune response. This system, having as a function to handle bacterial as well as viral 
infections and to block their invasion into the bloodstream, is a key participant in the 
immune and inflammatory response at sites of tissue injury and debris deposition.  
 
The effects from most individual risk factors in SLE are relatively weak except for the 
homozygous deficiencies of either complement C1q or C4, by which 76-90% of the 
individuals with a deficiency of either protein were inflicted with SLE or a lupus-like 
disease (138-140). However, only a total of 70 cases of homozygous/complete C1q or 
C4 deficiencies have ever been identified (141). Thus complete genetic deficiencies of 
complement proteins are not a common cause of human SLE. Nevertheless, it has been 
demonstrated that low copy number of the C4A isotype is a risk factor for lupus in a 
European American cohort (142). However, low copy number of C4A seems to lie on 
the lupus-associated DRB1*03 extended haplotype (AH8.1), which exhibits strong 
linkage disequilibrium (LD) (143). Whether this locus constitutes a distinct 
susceptibility allele to that of the HLA class II association or is simply in LD with it 
therefore remains to be established.  
 
1.4.3 Genetic risk factors in SLE 

It has been known for decades that genetic factors contribute importantly to risk of 
SLE. Compared to RA having λs of 2-17, SLE seems to have a greater genetic 
contribution to disease risk with λs of up to 30 (144). Several lines of evidence supports 
the importance of a genetic background for disease development where for example 
data from twin studies indicate a concordance rate for SLE to be 24-69% for 
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monozygotic twins compared to 2-9% concordance for dizygotic twins (145, 146). 
Nevertheless, the lack of complete concordance in monozygotic twins also highlights 
the importance of non-genetic factors.  
 
SLE may be seen as a genetically complex trait meaning that there are at least several 
disease predisposing genetic loci as well as environmental genetic factors important for 
the disease development. Like RA and many other human autoimmune diseases, genes 
within the human leukocyte antigen (HLA) region on chromosome 6 exhibit strong 
association with development of the disease and production of specific autoantibodies 
that are commonly present in SLE. HLA class I and II genes, as well as genes within 
the HLA class III region, particularly the tumour necrosis factor and the complement 
component C4 gene loci have been in much focus for research behind development of 
the disease. Inherited deficiency of C4A is quite rare but has nevertheless been known 
for long as being a strong genetic risk factor for SLE (147). The association between 
HLA and SLE will be discussed more thoroughly in paragraph 1.5. 

 
1.4.3.1 Non-HLA genetic risk factors in SLE 
Although the HLA region seems to contribute substantially to risk of SLE, it is clear 
that genes outside this region also contribute to disease risk. Fc receptors for 
immunoglobulin G, mediating clearance of immune complexes, have been strongly 
implicated as risk genes in disease development and have therefore been the focus of 
many genetic studies in SLE and lupus nephritis (148-150). 
 
Sigurdsson et al., (2005) (151) reported a genetic association with the interferon 
regulatory factor 5 gene (IRF5) among Swedish and Finnish SLE cases and controls. 
The same SNP was a year later replicated as a risk factor for disease development by 
Graham and associates (152). 
 
Shared genetic risk factors between multiple autoimmune diseases have lately raised 
interest in genetic research behind complex diseases. PTPN22, being the strongest risk 
gene associated with RA except for HLA-DRB1 (76), was also demonstrated to be a 
risk factor for SLE (153). Another example is provided by Remmers et al., (2007) (67) 
who reported an association of a haplotype of the signal transducer and activator of 
transcription 4 (STAT4) in both RA and SLE. 
 
1.5 THE MAJOR HISTOCOMPATIBILTY COMPLEX 

Susceptibility to complex autoimmune diseases is affected by a variety of genetic and 
environmental factors. After more than a decade of linkage analyses, the identification 
of non-major histocompatibility complex (non-MHC) susceptibility alleles has proved 
to be difficult. Most likely because of extensive genetic heterogeneity and possible 
gene-gene and gene-environment interactions among the multiple genes required for 
disease development. The most potent genetic influence on susceptibility to 
autoimmunity is the HLA locus. Since the 1970s it has been known that alleles within 
this large region confer RA as well as SLE risk and susceptibility to a variety of other 
autoimmune diseases (154).  
 
The major histocompatibility complex (MHC) was first discovered in mice in 1936 
(155) and subsequently the murine MHC locus, H2, was identified and named for its 
role in histocompatibility (156). Shortly afterward, the human MHC, or human 
leukocyte antigen (HLA) region was recognized (157) and this locus has since then 
been one of the most intensely studied regions in the human genome. The first MHC 
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gene products became known as leukocyte antigens since they were discovered on the 
surface of white blood cells and this is why the human MHC is also referred to as the 
human leukocyte antigen (HLA) complex. The MHC is the most gene-dense region of 
the human genome and plays an important role in the immune system and in 
autoimmunity. In humans, the MHC region is located on chromosome 6 and contains 
some 220 gene loci whereof approximately 130 are thought to be expressed (158).   
 
The MHC is divided into three different clusters; class I, class II and class III (fig 3). 
Proteins encoded by MHC class I and II are expressed on the surface of cells and 
present both self- and non-self antigens to T cells. The MHC class III region is quite 
different from class I and II, encoding immune components such as complement 
components and cytokines. 

 
 

 
 

Figure 3. Gene map of the human leukocyte antigen (HLA) region. 
 
The challenge has long been in determining which of the genes within this region that 
primarily are responsible for the disease associations. Except for harbouring several 
hundreds of genes, many of them having immune-related functions (159), this region is 
also characterized by having a high degree of linkage disequilibrium (LD) (160). 
Therefore, it has been both difficult and problematic to find the gene responsible for the 
observed genetic association. 

 
1.5.1 MHC class I 

The MHC class I cluster comprises the classical class I genes HLA-A, -B and –C, the 
non-classical class I genes HLA-E, -F, -G, HFE, and the class I-like genes MICA, 
MICB plus a few pseudogenes. The classical class I gene products present antigens to 
CD8+ T cells and are involved in the natural killer (NK) cell mediated immune 
response.  
 
1.5.2 MHC class II 

The MHC class II cluster comprises the classical class II genes HLA-DP, -DQ, -DR 
and the non-classical class II genes HLA-DM and –DO. The classical class II genes, 
consisting of α and β chains are expressed on the cell surface and present antigens to 
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CD4+ T cells. The non-classical class II genes are not expressed on the cell surface but 
are involved in loading of peptides onto classical class II molecules (161).  
 
The MHC class II cluster is involved in autoimmune diseases most likely due to 
different alleles having different abilities to present peptides from target cells to 
autoreactive CD4+ T cells. It may also be that certain class II alleles predispose to 
autoimmunity by increasing positive selection or decreasing negative selection of 
autoreactive T cells in the thymus, or inhibiting autoimmunity by deleting potentially 
autoreactive cells. 
 

 
Figure 4. A schematic presentation of an antigen presenting cell (APC) using MHC Class II to present 
peptides to T cells through the T cell receptor (TCR). 
 
1.5.2.1 HLA-DRB1 
The HLA-DRB1 gene has long been known as being the strongest genetic contributor 
to RA. The first to demonstrate an increased frequency of HLA-Dw4 in RA patients 
were Stastny et al in 1974 and some years later in the 1980s, Gregersen et al (162, 163) 
suggested the ‘shared epitope’ hypothesis based on multiple RA risk alleles within the 
HLA-DRB1 gene. The ‘shared epitope’ risk alleles all shares a conserved amino acid 
sequence (QKRAA, QRRAA, RRRAA) at position 70-74 in the third hypervariable 
region (HVR3) and concerns HLA-DRB1*01, -DRB1*04 and –DRB1*10. Winchester 
et al., (1981) (164) showed that the presence of HLA-DRB1 shared epitope alleles was 
a significant risk factor only for RF-positive but not RF-negative RA. In addition, 
Padyukov et al (2004) (165) demonstrated that the risk conferred by smoking was 
entirely restricted to the RF-positive subset of RA and by using an additive interaction 
model, a significant gene-environment interaction between smoking and HLA-DRB1 
SE alleles was observed in the RF-positive subset of RA with a relative risk of 
approximately 16 (166, 167). That citrullination of certain peptides selectively 
increased their binding to HLA-DR molecules containing the SE motif, and that HLA-
DRB1*04 transgenic mice had a stronger immune response to citrullinated peptides 
than to native arginine-containing peptides turned the focus for a biological explanation 
behind the observed interaction to the anti-citrullinated-peptide antibodies (ACPA). 
Presence of RF quite frequently, but not always coincide with presence of ACPA 
giving further support to the interest in speculating that ACPA act as the key-player in 
the interaction but not RF. It was subsequently shown, using the same Swedish case-
control study but analyzing only cases with ACPA that the occurrence of these 
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antibodies correlated to the presence of HLA-DRB1 SE alleles in a gene-dose-
dependent manner (53). In addition, smoking was observed to be a risk factor for 
ACPA-positive but not for ACPA-negative RA. When analyzing the gene-environment 
interaction between smoking and presence of HLA-DRB1 SE alleles for the ACPA-
positive subset only, a relative risk of >21 was observed for development of RA among 
smokers carrying 2 copies of the SE genes. These findings have since then been 
replicated in a Dutch case-control study (108) and a Danish case-control study (107). 
However, it is important to keep in mind that it is still unclear whether the HLA-DRB1 
locus predisposes to RA per se or to the development of anti-citrullinated peptide 
antibodies, which in turn predisposes to RA, particularly in combination with the 
environmental risk factor smoking. 
 
In opposite to ACPA-positive disease, ACPA-negative RA is not associated with the 
shared epitope alleles. Instead a few studies propose an association with the HLA-
DRB1*03 (168, 169) and the DRB1*13 alleles (170). HLA-DRB1*03 and in addition 
DRB1*15 are also the alleles strongest associated with development of SLE (133, 171), 
suggesting a somewhat common genetic background, further supported by the 
association of STAT4 and IRF5, in both ACPA-negative RA and SLE (59, 67, 172). 
 
The HLA-DRB1 locus also harbours some protective alleles known as the DERAA 
alleles (173, 174). The abbreviation DERAA corresponds to the amino acid sequence at 
position 70-74 and concerns HLA-DRB1*0103, *0402, *1102, *1103, *1301, *1302 
and *1304. The DERAA alleles, and specifically HLA-DRB1*13, have been shown to 
be protective both in the presence and absence of the shared epitope alleles (175, 176), 
which demonstrates that the observed protective effect is not solely due to the absence 
of the shared epitope alleles. 
 
1.5.3 MHC class III 

The MHC class III is the most gene dense subregion of the MHC and of the human 
genome: >14% of the sequence is coding, approximately 72% of the region is 
transcribed and there is an average of 8.5 genes per 100 kb (177). The largest cluster 
within this region is the lymphocyte antigen cluster (LY6) encoding glycosyl-
phosphatidyl-inositol (GPI) anchored cell surface proteins with presumed immune 
function (178). The heat shock protein (HSP) genes involved in stress-induced 
signalling (179) are also encoded within this region as well as the tumour necrosis 
factor (TNF) cluster (180). 
 
1.5.3.1 Genes for complement factor 4 
The structural genes for human complement component C4 are located in the class III 
region of the MHC. The activation fragment of C4 is a central part of the classical and 
lectin pathways within the innate immune system, forming part of the classical pathway 
C3/C5 convertase. The two isotypic forms of the protein, C4A and C4B, differ in their 
reactivity which may explain the different symptoms associated with deficiencies of the 
different isotypes. Further, the deficiencies of complement C4, C4A or C4B, have been 
observed in 40-60% of SLE patients (181). Such deficiencies have frequently been 
observed in specific HLA haplotypes with DRB1*0301 in Caucasians (182-186). 
Whether it is an isotype deficiency of complement C4, a polymorphic variant of the 
HLA-DRB1 gene, or an undetermined genetic factor in linkage disequilibrium (LD) 
with HLA-DRB1*03 or C4A-deficiency that contributes to an increased disease risk of 
SLE is still not clear.  
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The genetics of C4 is complex. There are two classes of proteins, the acidic C4A and 
the basic C4B, which share over 99% amino acid sequence identities (187-189). At the 
gene level, the C4 locus exhibits both copy number and size variations. A C4 gene may 
code for a C4A and/or a C4B protein and consists of 41 exons that either spans 20.6 kb 
or 14.2 kb in length, depending on an inclusion of an endogenous retrovirus HERV-K 
(190). The data on the C4 gene copy number variations and gene size polymorphism 
have gradually emerged (191, 192) and have become more established only in the past 
decade (142, 193, 194). At an MHC haplotype there can be 1, 2, 3 or 4 copies of C4 
genes present. Thus, the copy number of total C4 genes present in a diploid genome can 
vary between 2 and 8, including C4A from 0 to 6, and C4B from 0 to 4.  The copy 
number variation of C4 genes concurs with three neighbouring genes coding for 
serine/threonine protein kinase RP (or STK19) at the 5’ end, and steroid 21-hydroxylase 
gene CYP21 and extracellular matrix protein tenascin TNX at the 3’ end, and the 
fragments are known as RCCX modules (191, 194) (figure 5). 
 

 
 

Figure 5. A schematic design of the RCCX module, containing serine/threonine protein kinase RP, 
complement C4A, complement C4B, steroid 21-hydroxylase CYP21 and extracellular matrix protein 
tenascin TNX. 
 
 
   ∗∗∗ 
 
Ever since the human MHC was mapped to the short arm of chromosome 6, it has been 
studied extensively for both gene and variation content. As of today, more than 100 
diseases, many of them being autoimmune, have been associated with HLA genes and 
in most cases, the MHC region is the strongest genetic component (195-197). Single 
HLA genes, specific heterodimers or complex interactions have all been implicated in 
susceptibility to different disorders (198-200). Despite the intense research of MHC as 
a major player in autoimmune diseases, attempts to resolve the location of the primary 
signals responsible for disease susceptibility have been hampered by the extensive 
allelic variation and linkage disequilibrium (LD) across the MHC. The particularly 
strong LD across haplotypes within the MHC has made it difficult to identify clearly 
independent signals, such as the one reported previously for C4-null alleles encoded in 
the MHC class III region (142). To fully dissect the complex set of HLA genes, a 
combination of approaches with classic typing and deep resequencing may be helpful 
to reveal disease-specific risk factors involved in immune-mediated diseases. 
 
1.6 COPY NUMBER VARIATION 

With the advent of new techniques in the area of genetics, a more complete 
characterization of the variation within our genome has been made leading to new 
discoveries. Microarray-based methods and next-generation sequencing have enabled 
more thoroughly studies of different forms of genetic variation and subsequently 
genome-wide association studies (GWAS) on thousands of samples have identified 
several loci associated with increased risk of complex diseases (201).  
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Two initial genome-wide studies demonstrated that copy number variation (CNV) is 
frequently occurring in the human genome (9, 10). CNVs are stretches of DNA larger 
than 1 kb, possessing variable numbers of copies in the genomes of different 
individuals (202). Studies following Iafrate (10) and Sebat (9) revealed CNVs in the 
human genome to be rather extensive and complex. The influence of CNV in human 
disease has been much of a debate. However, lately a growing number of disease 
associations support the importance of this variation in risk of disease development 
(203-207). 
 
As of today, the Database of Genomic Variants (http://projects.tcag.ca/variation) 
provides the most comprehensive catalogue of CNV in the human genome having 8410 
(last updated Aug 05, 2009) CNV loci reported. Taken several studies together, it is 
suggested that structural variation accounts for >20% of the genetic variation within our 
genome and involves >70% of the bases that are variable between any two individuals 
(208-210). It has furthermore been estimated that any two individuals differ by an 
average of 9-24 Mb (0.5-1% of the genome) of DNA sequence in-between, pointing at 
the importance of this variation for interindividual differences. 
 
Since CNVs are abundant within our genome, it is certain that some of them will have 
phenotypic impact. Major functional elements, such as genes and their regulatory 
regions can be affected by structural variations in a number of different ways. The 
changes may include increase or decrease in gene dosage, disruption of gene structure, 
creation of fusion genes, unmasking of deleterious recessive alleles and/or modifying 
gene regulatory elements (202). Stranger and co-workers have suggested CNVs to 
account for >15% of the total detected genetic variation in human gene expression 
phenotypes (211) and it is speculated that the contribution of CNVs to interindividual 
changes in gene expression levels will be shown to be extensive as the CNV field in the 
genome will be elucidated.  
 
Common CNVs at several loci have been implicated in complex diseases using 
candidate gene approach; Gonzalez demonstrating the association between CCL3L1 
and HIV (203), Aitman showing that Fcgr3 associates with development of 
glomerulonephritis (212), Yang correlating C4 CNV with risk of SLE (142), Hollox 
establishing the association of β-defensin genes in psoriasis, and many more.  
 
To interpret current CNV studies may have some challenges, such as absence of 
population norms for CNVs and lack of consensus in methods for CNV detection and 
analyses. The most common analytical approaches in current use are SNP-based 
microarray and array-comparative genomic hybridization (CGH). The array-CGH 
method is based on increased intensity in its output signals when there are more than 
two copies of a specific allele; in opposite a lower intensity signal when there are fewer 
than two copies. Next-generation whole-genome sequencing has more recently become 
amenable to copy-number detection, which may provide more accurate detection of 
breakpoints (213) and may also be able to detect smaller variations than current 
technologies, which do not accurately seem to detect CNVs smaller than 10 kb (214). 
How accurate these approaches will map CNVs remains unclear due to for example 
lack of standard maps of variation (215). Hopefully, new techniques will provide better 
estimates of the genetic architecture that in turn may provide new insights into the 
underlying molecular basis of the diseases. 
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1.7 GENETIC APPROACHES TO STUDY COMPLEX DISEASES 

The understanding of susceptibilities to complex diseases has increased with recent 
human genetic discoveries. For RA, the number of validated risk loci have expanded 
beyond HLA-DRB1 ‘shared epitope’ alleles to include additional MHC risk alleles and 
more than 10 regions outside the MHC. To better understand the disease pathogenesis, 
to define clinically relevant subsets of the disease and to be able to predict development 
of RA as well as other autoimmune diseases, we need to study human genetics by using 
different approaches. 
 
1.7.1 Linkage analysis and linkage disequilibrium (LD) 

Linkage analysis has the goal of identifying genes and genetic pathways that mediate 
disease susceptibility. For monogenic diseases, linkage analysis often defines the 
genomic location of the disease alleles with enough precision to limit the number of 
positional candidate genes to be quite few. However, using linkage analyses in 
autoimmune diseases have demonstrated difficulties in yielding robust statistical 
correlations with a specific loci, resulting in genomic segments containing hundreds or 
even thousands of candidate genes. This has been one of the major obstacles in 
identification of human susceptibility alleles.  
 
1.7.2 Genome wide scans (GWS) 

Genome-wide association studies (GWAS), also known as whole genome association 
studies (WGA) are studies involving rapid scanning of markers across complete sets of 
DNA, or genomes, of many individuals to find genetic variations associated with a 
particular disease. These often hypothesis-free studies became possible with the 
completion of the Human Genome Project in 2003 and the International HapMap 
Project in 2005. By use of databases containing the reference human genome sequence, 
a map of human genetic variation and new techniques, allows rapid analysis of whole-
genome samples for genetic variations that could contribute to disease development. 
 
1.7.3 Association studies 

Candidate gene association studies assess correlations between genetic variants and 
trait differences and may be either population-based or family-based. The former akin 
to traditional case-control studies and the later employs tests known as transmission 
disequilibrium tests (TDT), which detect association in the presence of linkage. 
 
In case-control association studies, samples of affected and unaffected individuals are 
drawn from a certain population and the frequency, with which certain alleles are 
present in each of these groups, is tested for association with the disease. To guide the 
selection of candidate genes, a common approach is to use biological information with 
regards to the molecular pathology of the disease for testing association. Steps involved 
in association studies are except for selection of candidate genes, identification and 
genotyping of SNPs and haplotype analysis. 

 
1.7.4 Interaction studies 

Most common complex diseases arise from the combination of genetic and 
environmental influences. However, not every individual responds in a similar way to 
the same environment; the response to the environment may depend on the genetic 
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susceptibility of an individual. These two parameters do not act strictly independently 
but rather interact with each other contributing to disease development. The biological 
explanations for the gene-environment interactions is growing but has been hampered 
by use of small, underpowered study populations, irreproducible results etc. To 
overcome these issues one needs an appropriate study design where the environmental 
factors have been accurately measured in a large study population.  
 
The Epidemiological Investigation of Rheumatoid Arthritis (EIRA) is a population-
based case-control study that has been ongoing since 1996 where patients and controls 
have continuously been recruited throughout Sweden. In this material, a striking gene-
environment interaction between shared epitope alleles and smoking in RF-positive RA 
patients was demonstrated in 2004 by Padyukov et al (165) and was subsequently 
replicated in additional cohorts (109, 216). However, failure to replicate the interaction 
in two cohorts (the American Inception cohort and the SONORA cohort) evokes 
interest in speculating how the remaining environmental factors (such as air pollution, 
etc.) may influence the previously observed smoking-shared epitope interaction, but 
may also emphasize the importance of how to obtain and handle environmental data.  
 
Not only gene-environment has been the focus of interaction studies. Lately, gene-gene 
interaction has received focus with Källberg et al (57) demonstrating interaction 
between the PTPN22 R620W allele and shared epitope in ACPA-positive patients. In 
addition, Stolt et al (217) recently showed that silica exposure combined with smoking 
among men is associated with increased risk of developing ACPA-positive RA, 
suggesting a possible environment-environment interaction.  
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2 STUDY POPULATIONS 
2.1 EIRA 

The Epidemiological Investigation of Rheumatoid Arthritis (EIRA) study is a 
population-based case-control study consisting of incident cases of RA defined 
according to the American College of Rheumatology (ACR) 1987 criteria (15), 
enrolling 85% of the patients within 1 year after the initial arthritis symptoms. The 
EIRA study started in May 1996 and is still ongoing. As of today, most of the subjects 
included in the study are born in Sweden and 97% have reported a white ancestry. 
 
Cases are identified at public as well as privately run clinics and diagnosed according to 
the 1987 ACR criteria. In addition, each case is asked to contribute with a blood sample 
at the corresponding clinic. For each case, a randomly selected control is chosen from 
the study base being matched on sex, age and living area. The controls included in the 
EIRA study were all selected from the national population register. Each control was 
asked to contribute with a blood sample. Information regarding life style, education, 
environmental exposures, length, weight, occupational- and disease-history etc has 
been retrieved by sending all participants identical questionnaires. 
 
2.2 SLE STUDY 

All SLE patients at the Rheumatology Unit, Karolinska University Hospital who 
fulfilled 4 or more of the 1982 revised American College of Rheumatology Criteria for 
classification of SLE (131) were consecutively asked to participate in the study. 303 
patients have so far approved and been included in the study base. Patients of non-
Caucasian ethnicity were excluded (n=14). Three hundred fourteen controls were 
matched for sex and age. All patients were interviewed and examined by a 
rheumatologist who also reviewed journals and tabulated present or previous clinical 
manifestations of lupus, evaluated disease activity using Systemic Lupus Activity 
Measure (SLAM) (15) and organ damage with Systemic Lupus International 
Collaborating Clinics damage index (SLICC) (218). Blood samples were collected after 
overnight fasting and laboratory examinations were performed either on fresh blood 
samples or after storage in -700 C.  
 
 

∗∗∗ 
 

Additional information regarding the above-mentioned as well as the non-Swedish 
study populations included in this thesis is described within the respective 
article/manuscript. 
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3 AIMS OF THE STUDY 
The aim of this thesis was to re-evaluate the contribution of the HLA loci in rheumatic 
diseases in view of new data regarding autoantibody status in RA and SLE. 
 
 
Part I (Paper I-IV) 
 
Influence of the HLA locus in ACPA-positive and ACPA-negative RA 
 
The first part of this thesis investigates the contribution of different HLA-DRB1 alleles 
but also HLA-DPB1 in RA. First, the non-shared epitope alleles are studied, 
specifically the role of HLA-DRB1*03 and *13 in two different disease subsets of RA 
are scrutinized (ACPA-positive and ACPA-negative RA). Secondly, we aim to identify 
additional variants in the MHC complex that independently contribute to risk of RA, 
also within the two best well-defined subsets of the disease, using two Caucasian 
cohorts (EIRA and NARAC). Thirdly, we aim to clarify the role of the protective HLA-
DRB1 DERAA alleles, mainly in ACPA-positive RA, by meta-analysis using a study 
population from four European countries. Lastly, we scrutinize the importance of the 
different shared epitope alleles in the gene-environment interaction in ACPA-positive 
RA. 
 
Part II (Paper V and VI) 
 
Genetic studies of SLE and characterization of disease subgroups, with emphasis on 
the HLA locus and autoantibody profile 
 
The second part of this thesis concerns the role of HLA in SLE. In specific, gene copy 
number of C4 and the correlation to presence of HLA-DRB1*03 is assessed in two 
different Caucasian populations. As a follow-up to this we, in the last paper, aim to 
characterize different clinical subgroups of SLE by use of C4 CNV, HLA-DRB1 
genotypes as well as autoantibody profiles. 
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4 RESULTS AND DISCUSSION 
There is no doubt that the HLA locus is an important contributor to both RA and SLE. 
However, data supporting these findings have been received from different studies, 
which sometimes contradicts and do not consider autoantibody status. In particular in 
RA and SLE which are both classified as heterogeneous diseases, we still see clinically 
distinct disease subgroups emerging with a need to be better characterized to improve 
diagnosis as well as treatment. With the following results, we aimed to improve 
classification and characterization of subgroups within RA as well as SLE using a large 
population based association study for RA (EIRA) with subphenotyping for ACPA and 
unique data on smoking habits, and using an SLE study including extensive phenotypic 
data concerning autoantibodies and clinical subphenotypes. 
 
Note:   In paper I, II and IV we present relative risks (RR) even though we have 

calculated odds ratios. When using incident cases from a defined study base 
and selecting controls randomly continuously from the same study base, odds 
ratios can be interpreted as estimates of relative risk in terms of incidence rate 
ratio (219). 

 
 
4.1 PAPER I: OPPOSING EFFECTS OF HLA-DRB1*13 ALLELES IN THE 

RISK OF DEVELOPING ANTI-CITRULLINATED PROTEIN ANTIBODY-
POSITIVE AND ANTI-CITRULLINATED ANTIBODY-NEGATIVE 
RHEUMATOID ARTHRITIS 

The value of non-shared epitope HLA-DRB1 alleles in development of RA is poorly 
understood. Previous studies have demonstrated that some non-shared epitope alleles, 
such as *0103, *0402, *11 and *13 are associated with protective effects (174, 220-
222). In addition, it has been a concern that SE alleles are not a single contributor for 
susceptibility to RA. 
 
A major challenge when working with autoimmune diseases is the genetic 
heterogeneity within the study population. To overcome this issue, it is helpful to 
divide the study population into more homogenous groups often based on clinical 
phenotypes. For RA, ACPA status has lately become the most commonly used 
phenotype. Antibodies to cyclic citrullinated peptides (anti-CCP) were measured by 
using the Immunoscan RA (Mark 2) enzyme-linked immunosorbent assay (Euro-
Diagnostica, Malmö, Sweden. A level of >25 units/ml was regarded as being positive 
according to instructions in the kit and as confirmed by the Clinical Immunology 
Laboratory at Uppsala University Hospital (Uppsala, Sweden). 
 
We undertook a population-based case-control study (controls n=922, cases n=1,352) 
to elucidate the importance of different non-shared epitope alleles in two different 
disease subsets of RA defined by presence and absence of anti-citrullinated protein 
antibodies. We confirm that all three shared epitope alleles (HLA-DRB1*01, *04 and 
*10) appear to contribute to an elevated risk of ACPA-positive RA. However, this 
increase was statistically significant only for DRB1*01 and DRB1*04 and not 
DRB1*10, most likely due to too few observations within this group (Table 2). In 
addition, we found in the same disease subset, protection against RA associated with 
DRB1*03, *07, *08, *13, *14 and *15. No allelic group was associated with an 
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increased risk of APCA-negative RA, however a protective effect was observed from 
DRB1*07 and *15.  
 

 

 
 

DRB1 allele 

No. of 
cases 

(n = 1,352) 

No. of 
controls 

(n = 922)* 

Frequency of 
genotype in ACPA 
subgroup, % ξ 

 
 

RR (95% CI) ∞ 
DRB1*01      

ACPA+ 217  26 1.49 (1.19-1.88) 
       ACPA- 124 185 23 1.21 (0.93-1.58) 

DRB1*03      
ACPA+ 123  15 0.56 (0.44-0.72) 

       ACPA-  154 221 29 1.25 (0.98-1.6) 
DRB1*04      

ACPA+ 566  69 4.26 (3.47-5.23) 
       ACPA- 194 324 36 1.06 (0.84-1.33) 

DRB1*07      
ACPA+ 73  9 0.51 (0.38-0.70) 

       ACPA- 57 149 11 0.62 (0.44-0.86) 
DRB1*08      

ACPA+ 44  5 0.55 (0.38-0.81) 
       ACPA- 63 83 12 1.41 (0.99-2.00) 

DRB1*09      
ACPA+ 23  3 0.85 (0.48-1.48) 

       ACPA- 16 30 3 0.96 (0.52-1.81) 
DRB1*10      

ACPA+ 28  3 1.47 (0.81-2.64) 
       ACPA- 11 20 2 0.93 (0.43-1.99) 

DRB1*11      
ACPA+ 69  8 0.78 (0.56-1.1) 

       ACPA- 54 96 10 1.02 (0.71-1.46) 
DRB1*12      

ACPA+ 23  3 0.64 (0.38-1.1) 
       ACPA- 24 40 5 0.99 (0.58-1.68) 

DRB1*13      
ACPA+ 79  10 0.28 (0.21-0.37) 

       ACPA- 139 254 26 0.94 (0.74-1.21) 
DRB1*14      

ACPA+ 17  2 0.47 (0.26-0.85) 
       ACPA- 27 38 5 1.32 (0.79-2.20) 

DRB1*15      
ACPA+ 182  22 0.70 (0.56-0.87) 

       ACPA- 123 269 23 0.73 (0.56-0.93) 
 

* Anti-citrullinated protein antibody (ACPA)-positive controls were excluded from the study. 
ξ The frequency of genotypes in ACPA subgroups was calculated as the number of ACPA-positive or 
ACPA-negative rheumatoid arthritis (RA) cases for a specific DRB1 allele divided by the total 
number of cases within that ACPA subgroup (820 ACPA-positive cases; 532 ACPA-negative cases). 
∞ The relative risk (RR) (95% confidence interval (95% CI) was adjusted for age, sex and residential 
area. Individuals without the allele being investigated were used as the reference group. 

 
Important to mention is that all the above-mentioned findings reflect the effect of the 
DRB1 alleles in a heterozygous state without any correction for the second allele. Since 
the second allele might be a shared epitope allele we expanded our analyses and 
investigated the combined effects of DRB1 alleles in heterozygous individuals. To 
assess the influence of shared epitope alleles for the associations found from non-
shared epitope alleles, we used individuals who had neither the shared epitope nor the 

Table 2. Relative risk of developing ACPA-positive or ACPA-negative RA conferred by 
different DRB1 alleles 
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studied allele as a reference group. We found that only DRB1*13 demonstrated 
protective effect in ACPA-positive RA independent of the shared epitope (Table 3).  
 

Table 3. Relative risk of DRB1*03 and DRB1*13 with and without the SE alleles 

 
We demonstrate that the DERAA allele HLA-DRB1*13 exerts different impact on 
different subsets of RA, being protective for ACPA-positive but together with HLA-
DRB1*03 increasing the risk of developing ACPA-negative disease (Table 4). 
Interestingly, when analyzing DRB1*13 in combination with the shared epitope, we 
observed a neutralization of the increased risk of ACPA-positive RA conferred by the 
shared epitope in subjects carrying the shared epitope allele but not the DRB1*13 allele 
(Table 3).  
 
Since it was shown previously that DRB1*03 may associate with development of 
ACPA-negative RA we sought to undertake a similar analysis. However, we observed 
that DRB1*03 did not contribute significantly to increased risk of disease development 
in the absence of the shared epitope alleles in our study population (Table 3). This 
raised our interest to take the analysis one step further by analyzing the influence of a 
homozygous DRB1*03 state where we demonstrated that DRB1*03 homozygosity did 
not contribute significantly to ACPA-negative disease (RR: 1.18 95% CI: 0.6-2.4), 
although it is important to mention that only 14 cases and 21 controls were included in 
this subanalysis. Instead, we found that DRB1*03 in combination with DRB1*13 was 
significantly associated with risk of developing ACPA-negative RA (Table 4). 

 
 

DRB1 allele 

No. of 
cases 

(n = 1,352) 

No. of 
controls  

(n = 922) 

 
 

RR (95% CI)! 
ACPA-negative    
SE, No DRB1*03 234 412 1. 26 (0.96-1.65) 
No SE, DRB1*03   92 154 1.29 (0.91-1.82) 
SE and DRB1*03  55 66 1.48 (0.98-2.22) 
ACPA-positive    
No SE, DRB1*13 27 155 0.41 (0.26-0.64) 
SE, No DRB1*13 619 380 3.91 (3.04-5.02) 
SE, DRB1*13 50 98 1.22 (0.81-1.83) 

ACPA = anti-ctrullinated protein antibody; RA = rheumatoid arthritis; SE = shared epitope 
Relative risk (RR) adjusted for age, gender and residential area, and 95% confidence interval 
(95% CI) compared with subjects who had neither the shared epitope nor DRB1*03 or with 
subjects who had neither the shared epitope nor the DRB1*13. 
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DRB1 allele 

No. of 
cases 

(n = 1,352) 

No. of 
controls 

(n = 922) 

 
 

RR (95% CI)! 
DRB1*03, No DRB1*13 77 127 1.18 (0.80-1.73) 
DRB1*13, No DRB1*03 67 131 0.99 (0.67-1.47) 
DRB1*03, DRB1*13 31 29 2.07 (1.17-3.67) 

 
 
 
 

Results from our studies further strengthen the importance of analyzing ACPA-positive 
and ACPA-negative RA as two different disease subsets. The dual role of the DRB1*13 
allele adds to previous reports on the genetic divergence between the two different 
disease subsets characterized by presence or absence of ACPA. As of today, we know 
very little about the possible mechanism that lies behind the effect observed from 
DRB1*13. We do know that this allele is also associated with protection against several 
viral diseases (223-227), which suggest that this allele may have the capacity to 
regulate the activity of the immune response. On the other hand, due to the complexity 
within the HLA region, exhibiting high LD, we cannot rule out the possibility of 
influence from other regions (228, 229).  
 
 
4.2 PAPER II: DIFFERENT PATTERNS OF ASSOCIATIONS WITH ANTI-

CITRULLINATED PROTEIN ANTIBODY-POSITIVE AND ANTI-
CITRULLINATED PROTEIN ANTIBODY-NEGATIVE RHEUMATOID 
ARTHRITIS IN THE EXTENDED MAJOR HISTOCOMPATIBILITY 
COMPLEX REGION 

The HLA-DRB1 locus associates with RA and quite little is known about the 
surrounding regions. We undertook a multistep analytical strategy, analyzing 2,221 
SNPs, spanning 10.7 Mb from 6p22.2 to 6p21.31, across the MHC in two cohorts 
(EIRA and NARAC) consisting in total of 1,255 cases and 1,719 controls for ACPA-
positive RA and 640 cases and 670 controls for ACPA-negative RA. Tag SNPs were 
selected to capture common genetic variation across the MHC region; 1,230 SNPs were 
selected from a combined analysis of 7 different inflammatory disease (the IMAGEN 
study) and 1,298 additional SNPs covering the MHC region included in a GWAS (87). 
Three hundred and seven SNPs overlapped between these two studies, leaving a total of 
2,221 SNPs for analysis. The analytical approach is illustrated in Figure 6. 
 

Table 4. Relative risk of developing ACPA-negative RA conferred by different 
combinations of DRB1*03 and DRB1*13. 

*subjects with the shared epitope were excluded from the analysis. 
ACPA = anti-citrullintated protein antibody; RA = rheumatoid arthritis 
! Relative risk (RR) and 95% confidence interval (95% CI) compared with subjects 
who had neither DRB1*03 nor DRB1*13. The RR was not adjusted for age, sex or 
residential area. 
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The initial analyses were performed using the EIRA material, due to the availability of 
equal numbers of samples from ACPA-positive and ACPA-negative RA patients and 
matched controls. From this analysis, 299 SNPs reached locus-wide significance in 
ACPA-positive RA (Figure 7A). In contrast, no SNP was found to associate with 
ACPA-negative RA (Figure 7B), giving further strength for the evidence of genetically 
distinct etiologies behind these two subsets of RA. 

 

 
 
 
 
 
 
 
By using different classification methods, we observed that 70 of the 299 ACPA-
positive associated SNPs were independent of the shared epitope alleles. We aimed for 
replication in the second cohort, NARAC where we had information on DRB1 and 

Figure 6. Analytical approach used in our study of variants in the MHC complex region that 
contribute independently to risk in anti-citrullinated protein antibody (ACPA)-positive 
rheumatoid arthritis (RA) and ACPA-negative RA, as well as the number of single-nucleotide 
polymorphisms (SNPs) analyzed at each step. EIRA = Epidemiological Investigation of 
Rheumatoid Arthritis; NARAC = North American Rheumatoid Arthritis Consortium. 

Figure 7. SNPs found to be significant (locus-wide significance defined as p < 2.3 x 10-5) 
in case-control association analyses, as determined by Armitage test for trend. Rheumatoid 
arthritis (RA) cases with anti-citrullinated protein antibody (ACPA) (A) and without (B) 
and control groups form the EIRA study. 
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SNP genotypes for 43 of the 70 SNPs previously selected. Adjustment for shared 
epitope alleles were made in the same way. Only SNPs that in the NARAC sample 
were significantly associated with ACPA-positive RA (p< 0.05) were considered to be 
replicated. By using these criteria, 11 of the 43 SNPs were replicated, representing 4 
different loci: HLA-DPB1, C2-DOM3Z, MICA and HLA-DQA1. Of these, the HLA-
DQA1 locus was not statistically significant and MICA only marginally significant 
when using conditional logistic regression, analyzing 358 case-control pairs with 
identical DRB1 genotypes. These findings were replicated, for 6 of the HLA-DPB1 
SNPs, in 264 case-control pairs within the NARAC cohort. By combining the pairwise-
matched data sets, significant associations with all 8 of the HLA-DPB1 SNPs and the 
C2-DOM3Z SNP was detected. The 8 associated HLA-DPB1 SNPs were in LD and 
independent of the HLA-DRB1 and HLA-DQA1. Further, the C2-DOM3Z SNP 
demonstrated association independent of all the HLA-DPB1 SNPs. 
 
Our results suggest that at least one independent locus besides the classical HLA-DRB1 
in the MHC region, namely HLA-DPB1, contributes significantly to the risk of 
developing ACPA-positive RA. Similarly, an association signal related to the DPB1 
locus in ACPA-positive RA was observed independently of our study in a North 
American Caucasian population (230). Our study further indicates association of the 
HLA-DQ and the C2-DOM3Z locus, although they require replication in even larger 
populations. The findings suggest that at least two different class II MHC loci may be 
involved in the pathogenesis of ACPA-positive RA. 
 
 
4.3 PAPER III: PROTECTION FROM ACPA-POSITIVE RHEUMATOID 

ARTHRITIS (RA) IS PREDOMINANTLY ASSOCIATED WITH HLA-
DRB1*1301 “A META-ANALYSIS OF HLA-DRB1 ASSOCIATIONS 
WITH ACPA-POSITIVE AND ACPA-NEGATIVE RA IN FOUR 
EUROPEAN POPULATIONS” 

Several HLA-DRB1 alleles have been demonstrated to confer protection against 
development of RA. These alleles have been categorized according to different 
classifications, postulating that HLA-DRB1 alleles with a protective effect harbours the 
DERAA sequence at position 70-74 (231), or an aspartic acid (D) at position 70 (174) 
or an isoleucine at position 67 (173) of the beta-chain of the DR molecule. In this study, 
we performed a meta-analysis of four European populations (2806 RA patients and 
3772 controls) to investigate which HLA-DRB1 alleles that are associated with 
protection in ACPA-positive and ACPA-negative RA. 
 
We demonstrate that the HLA-DRB1*13 alleles are the only ones who convey 
protection in ACPA-positive RA after stratification for shared epitope. Neither the 
DERAA nor the D70 sequence conferred protection after exclusion of DRB1*13, 
indicating that it may not be those sequences that are associated with protection but 
rather the DRB1*13 allele itself. Both DERAA and the D70 alleles have been shown to 
be protective in the presence as well as in the absence of the shared epitope alleles, 
indicating that the observed protective effect is not only due to the presence of shared 
epitope alleles (175).  
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HLA-DRB1 allele OR (95% CI) p Stratification, OR (95% CI p 

*01 
   *0101 and *0102 
   *0103 

1.35 (1.10-1.66) 
1.44 (1.18-1.74) 
0.31 (0.13-0.75)* 

0.004 
<0.001 
0.009 

 
 
# 

SE neg: 1.05 (0.80-1.38) 0.71 *03 0.64 (0.55-0.75) <0.001 
SE pos: 1.18 (0.95-1.46) 0.14 

*04 
   *0402 
    other *04 

3.76 (2.93-4.84) 
1.48 (0.81-2.71) 
3.74 (2.86-4.91) 

<0.001 
0.21 
<0.001 

 
# 

SE neg: 1.04 (0.79-1.38) 0.76 *07 0.56 (0.47-0.67) <0.001 
SE pos: 0.89 (0.69-1.14) 0.35 
SE neg: 0.73 (0.46-1.14) 0.17 *08 0.50 (0.36-0.70) <0.001 
SE pos: 1.00 (0.50-1.98) 0.99 
SE neg: 3.25 (2.06-5.12) <0.001 *09 1.43 (0.94-2.16) 0.10 
SE pos: 1.76 (1.00-3.11) 0.05 

*10 2.37 (1.56-3.60) <0.001   
SE neg: 0.93 (0.64-1.36) 0.72 
SE pos: 0.90 (0.67-1.19) 0.45 
SE neg: 1.46 (0.63-3.37)* 0.38 
SE pos:1.53 (0.75-3.12) 0.24 
SE neg: 0.80 (0.49-1.29) 0.36 

*11 
 
   *1102 and *1103 
 
    other *11 

0.56 (0.46-0.68) 
 
1.01 (0.61-1.67) 
 
0.49 (0.39-0.62) 

<0.001 
 
0.97 
 
<0.001 

SE pos: 0.70 (0.51-0.97) 0.03 
SE neg: 0.76 (0.37-1.54) 0.44 *12 0.60 (0.42-0.84) 0.003 
SE pos: 1.10 (0.69-1.77) 0.68 
SE neg: 0.54 (0.38-0.77) <0.001 
SE pos: 0.57 (0.41-0.81) 0.002 
SE neg: 0.45 (0.27-0.74) <0.001 
SE pos: 0.54 (0.34-0.83) 0.006 
SE neg: 2.35 (0.63-8.72) 0.20 

*13 
 
   *1301 and *1302 
 
    other *13 
 

0.33 (0.25-0.45) 
 
0.31 (0.22-0.45) 
 
1.01 (0.48-2.10) 

<0.001 
 
<0.001 
 
0.99 

SE pos: 1.56 (0.65-3.71)** 0.32 
SE neg: 0.52 (0.28-0.98)## 0.04 *14 0.48 (0.34-0.68) <0.001 
SE pos: 1.02 (0.46-2.24)## 0.96 
SE neg: 1.51 (1.17-1.95) 0.001 *15 0.69 (0.57-0.82) <0.001 
SE pos: 1.25 (1.02-1.55) 0.04 
SE neg: 2.91 (1.12-7.56) 0.03 *16 1.21 (0.73-1.99) 0.46 
SE pos: 1.51 (0.69-3.27) 0.30 

* No cases in Leiden cohort. # Stratification for SE led to absence of cases or controls in the different 
strata in two of the four cohorts, therefore not performed. ** No cases in Norwegian cohort. ## HLA-
DRB1*1402 alleles have a SE motif and were exceedingly rare in all cohorts (prevalence below 
0.3% in controls). Therefore the HLA-DRB1*14 effect was also stratified for SE, after exclusion of 
individuals with DRB1*1402 alleles. 

 
 
We aimed for subanalysis of some of the protective alleles; however, stratification 
resulted in lack of cases and controls in several cohorts making the meta-analysis 
ineffective. Further, the neutralization effect observed from DRB1*13 on shared 
epitope in Paper I could not be replicated in these cohorts, although it is important to 
keep in mind that this effect varies according to the difference in risk associated with 
the different shared epitope alleles in the different cohorts. Lastly, analysis of DRB1*13 
DERAA containing alleles was made, demonstrating that the protection was limited to 
the DRB1*1301 and the DRB1*1302 alleles. The subtype analysis further revealed that 

Table 5. HLA-DRB1 associations with ACPA-positive RA; results from the meta-analysis. 
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DRB1*1301 was the only allele which was consistently associated with protection from 
ACPA-positive RA after stratification for shared epitope. 
 
 
4.4 PAPER IV: GENE-ENVIRONMENT INTERACTION BETWEEN THE 

DRB1 SHARED EPITOPE AND SMOKING IN THE RISK OF ANTI-
CITRULLINATED PROTEIN ANTIBODY-POSITIVE RHEUMATOID 
ARTHRITIS 

Even though several new loci has been revealed as risk factors for RA, HLA still 
confers the highest risk among those identified and it is evident that this genetic locus 
plays a central role in susceptibility to disease in different Caucasian populations. We 
also know that smoking is the main environmental factor associated with risk of 
developing ACPA-positive RA, specifically in those carrying the shared epitope alleles. 
This gene-environment interaction has been replicated in several cohorts (53, 108, 109), 
among them a study by van der Helm-van Mil et al (109) whom performed gene-
environment analyses stratifying for the *01, *04 and *10 groups in a study consisting 
of 421 patients using ACPA-negative patients as controls. They observed an interaction 
between tobacco exposure and DRB1*01 and *10 in ACPA-positive RA, but no 
interaction for the *04 alleles. Inspired by these results, we undertook a population-
based case-control study (EIRA) to scrutinize if the interaction between smoking and 
the different shared epitope alleles varied. 
 
In this study we define gene-environment interaction as departure from additivity of 
effects as described by Rothman et al., (219) as the method most appropriate for studies 
that have a specific application to “biological interactions”. To quantify the amount of 
interaction, attributable proportion due to interaction (AP) was calculated with 95% 
confidence interval. Briefly described, the attributable proportion is the proportion of 
the incidence among individuals exposed to two interacting factors being attributable to 
the interaction per se, i.e. the combined effect exceeding the sum of their independent 
effect. 
 
We observed a strong shared epitope-smoking interaction in individuals having any of 
the shared epitope alleles form the DRB1*04 group (*0401, *0404, *0405, *0408) with 
regard to risk of developing ACPA-positive RA, and the interaction remained when the 
analyses was restricted to only *0401 and *0404 (figure 8). Similar strength of 
interaction was also observed when analyzing the *01 and *10 shared epitope alleles. 
Thus, regardless of the fine specificity of the shared epitope alleles included in this 
study, there is an interaction between these genetic risk factors and smoking. 
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Interestingly, for the shared epitope alleles where we observed the highest relative risk 
and a significant shared epitope-smoking interaction, van der Helm-van Mil (109) 
could not demonstrate an interaction. This may be due to different ways of measuring 
interaction (EIRA- additive model; Leiden EAC- multiplicative model), alternatively 
due to different ways of measuring the environmental factor smoking, or it may simply 
be due to use of different study populations (EIRA- population-based case-control; 
Leiden EAC- inception cohort, using ACPA-negative patients as reference group). In 
general, multiplicative interaction is associated with lower sensitivity but higher 
specificity for finding interaction as compared to using attributable proportion due to 
interaction, i.e. our study, by using an additive model, demonstrates higher sensitivity 
when measuring shared epitope-smoking interaction in EIRA, which may explain the 
divergent results. 
 
 
4.5 PAPER V: HLA-DR3 AND COPY-NUMBER VARIATION OF 

COMPLEMENT C4A AT THE MAJOR HISTOCOMPATIBILITY 
COMPLEX (MHC) ARE COMMON AND STRONG GENETIC RISK 
FACTORS FOR HUMAN SYSTEMIC LUPUS ERYTHEMATOSUS (SLE) 
OF EUROPEAN ANCESTRY 

The strongest genetic linkage with human SLE has repeatedly been shown to be 
conferred by the MHC. However, due to complex polymorphisms and copy number 
variation (CNV) of candidate genes, the causal variants in the MHC still remain to be 
defined for SLE. Complement C4 is located in the HLA class III region of the MHC. 
Further, deficiencies of complement observed in SLE patients have frequently been 
found in specific HLA haplotypes with DRB1*03 (185, 186). However, it is not known 
whether it is an isotype deficiency of complement C4 (C4A), polymorphism of the 
HLA-DRB1 gene or an undetermined genetic factor in linkage disequilibrium with 
DRB1*03 or C4A-deficiency that contributes to an increased risk of disease in human 
populations. 
 

Figure 8. Risk of ACPA-positive RA in smokers compared to non-smokers conferred by having 0, 
1 or 2 copies of the shared epitope alleles DRB1*0401 and/or *0404. Y-axis represents relative 
risks (RRs) and 95% confidence intervals (95% CI). The attributable proportion due to interaction 
between smoking and a single *0401 or *0404 allele was 0.4 (95% CI 0.2-0.6) and that between 
smoking and double alleles was 0.8 (95% CI 0.6-0.98). 
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We applied a new genotyping technique to determine total C4, C4A and C4B CNVs in 
SLE patients and healthy controls from Sweden (cohort A: 200 controls and 268 cases) 
and the US (2 cohorts, cohort B: 195 controls and 262 patients, cohort C: 350 controls 
and 140 cases). In addition, we performed HLA-DRB1 genotyping for all cases and 
controls included in cohort A+B. We observed that patients were more likely to have 
low copy numbers of C4 (<4) or C4A (<2) in the Swedish (p=1.1x10-6 for total C4; 
3.4x10-6 for C4A) as well as in the US cohort (p=1.7x10−

8 for total C4; p=3.6x10−
9 for 

C4A) compared to controls. Presence of DRB1*03, regardless of C4A CNV, 
demonstrated an odds ratio for SLE of 2.04 (95% CI 1.62-2.57). Thus, presence of 
DRB1*03 are one of the strongest genetic risk factors for SLE in human subjects of 
European ancestry. Further, meta-analyses demonstrated that DRB1*03 was 
independently associated with SLE among subjects without low copy numbers of C4A 
(OR: 1.95 95% CI 1.23-3.09). In opposite, lower copy numbers of C4A was not 
associated with SLE among subjects without DRB1*03 (OR: 1.63 95% CI 0.81-3.29). 
However, when analyzing the co-existence of HLA-DRB1*03 and low C4A CNV a 
simple additive effect was observed (OR: 2.78 95% CI: 2.04-3.77). Hence, it cannot be 
ruled out that low C4A CNV do exert independent effect on risk of SLE.  
 
 
4.6 PAPER VI: THE NUMBER OF C4 GENE COPIES IS ASSOCIATED 

WITH AUTOANTIBODY PROFILE IN SYSTEMIC LUPUS 
ERYTHEMATOSUS  

 
SLE is an autoimmune disease with heterogeneous phenotypes characterized by 
presence of autoantibodies against a variety of autoantigens. We also know that copy 
number variation of certain genes may contribute to phenotypic heterogeneity and 
susceptibility to human complex diseases. In this study, we analyzed the association 
between C4 CNV and HLA-DRB1 in a Swedish SLE cohort with different clinical 
phenotypes and with production of autoantibodies characteristic for the disease. Since 
we found a dramatic difference in genetic risk factors for autoantibody positive and 
negative subgroups in our study of RA, we aimed to address a similar hypothesis also 
in SLE.  
 
To study how phenotypic heterogeneity correlates with HLA-DRB1 type and with C4 
CNV, all SLE cases included in our study population were divided into three groups: 
positive for SSA/SSB antibody (n=57), positive for anti-phospholipid antibody (n=108) 
and negative for both of these type antibodies (n=145). A strong association between 
the SSA/SSB autoantibody positive SLE and C4 CNV (<2 copies of C4A) was 
observed (OR: 4.16 95% CI: 2.64-6.57). This finding was complemented by a strong 
association of SSA/SSB autoantibody positive SLE with DRB1*03 (OR: 6.63 95% CI: 
4.01-10.96). Anti-phospholipid antibody (anti-CL, LAC and anti-β2GP1) positive SLE 
was associated with DRB1*04 (OR: 2.9 95% CI: 1.70-4.85), while no association for 
DRB1*03 was found for this subgroup. SLE without SSA/SSB and anti-PL antibodies 
demonstrated stronger association with DRB1*15 (OR: 3.16 95% CI: 2.01-4.95). We 
could also demonstrate a correlation between low copy numbers (<4 copies) and low 
serum levels of C4 (p=0.014). 
 
Our data suggest three distinct subgroups of SLE that can be differentiated by 
autoantibodies and C4/HLA-DRB1. We found that presence of DRB1*03 or low copy 
number of C4A is a very strong risk factor for SSA/SSB autoantibody positive SLE, 
that DRB1*04 is a risk factor for anti-PL antibody positive SLE and DRB1*15 is 
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associated with SLE without these two types of autoantibodies (SSA/SSB and anti-PL). 
Thus based on C4 and HLA-DRB1 genotypes we revealed a division of lupus patients 
in subgroups with different autoantibody profiles, which is similar to what we 
previously demonstrated in RA.  
 
Figure 9 illustrates percentages of anti-PL antibody positive/negative and SSA/SSB 
positive/negative patients as well as presence of DRB1*03 and DRB1*04 in each group 
respectively. 
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anti-PL antibody positive/negative and SSA/SSB antibody positive/negative patients  

and presence of DRB1*03, DRB1*04  and DRB1*15 
 

 
 

45% 

18% 

33% 

4% 

aPL negative SSA/SSB negative 

aPL negative SSA/SSB positive 

aPL positive SSA/SSB negative 

aPL positive SSA/SSB positive 

 
Figure 9a) Percentages of individuals showing presence/absence of antiphospholipid antibodies (aPL) 
and/or SSA/SSB antibodies. 

51% 

27% 

3% 

19% 

DRB1*03 negative, SSA/SSB negative 

DRB1*03 positive, SSA/SSB negative 

DRB1*03 negative, SSA/SSB positive 

DRB1*03 positive, SSA/SSB positive 

 
Figure 9b) Percentages of SSA/SSB positive and negative individuals carrying DRB1*03. 
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Figure 9c) Percentages of antiphospholipid antibody positive and negative individuals carrying 
DRB1*04. 
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23% 

22% 41% 

14% 

DRB1*15 negative, aPL negative - SSA/SSB 
negative 

DRB1*15 positive, aPL negative - SSA/SSB 
negative 

DRB1*15 negative, aPL positive and/or SSA/
SSB positive 

DRB1*15 positive, aPL positive and/or SSA/
SSB positive 

 
 
Figure 9d) Percentages of SSA/ SSB positive/negative and antiphospholipid antibody positive/negative 
individuals carrying DRB1*15. 
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5 CONCLUDING REMARKS 
Even though a lot of research has been done in the area of HLA genetics behind 
development of autoimmune diseases, we have not arrived at a complete understanding 
of the genetic basis of RA and SLE. Data from this thesis adds to previous knowledge 
that RA as well as SLE are two heterogeneous diseases with a need to be better 
characterized in order to improve diagnostics and treatment. In addition, it generates 
new data and re-evaluates the importance of the HLA loci for RA and SLE in the view 
of autoantibody specificity of the diseases. 
 
Papers I-IV emphasize novel data for RA with two different disease subtypes, i.e. with 
presence or absence of anti-citrullinated peptide antibodies. Our studies support 
different genetic and etiological backgrounds for these two subsets by demonstrating 
distinct associations of risk and/or protection conferred by different genes/alleles within 
the extended HLA locus, in ACPA-positive and ACPA-negative disease. For ACPA-
positive RA we demonstrate a new finding where HLA-DPB1 was shown to associate 
with this subset only. Further, we confirm the protective effect from HLA-DRB1*13 
which, at least in EIRA also seem to neutralize the effect observed from the shared 
epitope alleles in ACPA-positive disease. In addition, by scrutinizing the gene-
environment interaction between HLA-DRB1 shared epitope alleles and smoking in 
ACPA-positive RA we observed that even though the different shared epitope alleles 
are associated with different magnitudes of increased risk of ACPA-positive RA, the 
shared epitope-smoking interaction was found to be uniform. Concerning ACPA-
negative RA, we observe that the previously associated DRB1*03 allele did not by 
itself increase the risk for development of the disease, rather in the combination with 
DRB1*13. No additional associations could be demonstrated for this subset of the 
disease in our studies, neither could we detect interaction of smoking with SE alleles 
for this disease subgroup. However, even if it is evident that discrimination by ACPA 
status is important, further subtyping of different ACPA specificities may be essential 
and all new antibody specificities should be tested in relation to the shared epitope 
alleles. Mahdi et al., (2009) (31) recently observed that a subset of the anti-CCP 
response, with a specific autoimmunity to citrullinated α-enolase (CEP-1 epitope) 
showed a strong combined effect together with shared epitope, the risk allele PTPN22 
R620W and smoking giving an odds ratio of 37, compared to an odds ratio of 2 for the 
corresponding anti-CEP-1-negative, anti-CCP-positive subset. These result calls for 
further subtyping of ACPA specificities in order to further clarify the pathogenesis 
behind RA. 
 
For SLE, we confirm in two Caucasian cohorts, that low CNV of C4 and presence of 
HLA-DRB1*03 associates with development of the disease. Being independent risk 
factors or not still remains an issue for further investigation and we are currently 
expanding our study population to increase our chances to clarify this debate.  
 
In addition, we define three different subgroups of SLE characterized by presence of 
the SSA/SSB and anti-PL autoantibodies and the HLA-DRB1 alleles *03, *04 and *15. 
These findings are similar to what we previously demonstrated for RA, regarding 
subgrouping correlated to autoantibody profiles and HLA-DRB1 alleles. Based on our 
observations, we suggest that these three subgroups of the disease should be considered 
in future studies of genetic and environmental risk factors of SLE. 
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6 FUTURE PERSPECTIVES 
There are several important future steps in genetic studies of autoimmune diseases. 
Although the genetic analysis of RA and SLE has been challenging, recent technical 
developments support an optimistic view for future discoveries. In relation to infection 
and autoimmunity, the MHC is the most important genetic region in the human 
genome. Studies of the MHC genes have, over the past 50 years, resulted in important 
contributions to immunology, population genetics, genotyping and transplant medicine. 
To study the function and interaction of these genes within the immune system to better 
understand and treat autoimmunity and MHC-linked diseases in general, will be the 
major challenge for the future. Already now, monitoring and characterization of 
cellular immune responses on the molecular level is feasible with the development of 
MHC-specific gene and peptide arrays (232). 
 
6.1 MODEST RISK OF COMMON VARIANTS 

As of today, only ∼5% of the genetic influence can be explained by the non-MHC RA 
risk alleles, indicating that there may be additional non-MHC risk alleles that remain to 
be discovered. The power of existing studies to discover these risk alleles at genome-
wide levels of significance is often less than 10%, which may indicate that many 
common alleles are still to be unravelled. Nevertheless, it is important to continue 
performing GWAS by using the existing technologies, capturing most of the common 
SNPs in additional patient samples with replication in several independent cohorts. 
Although the SNP analyses undoubtedly have provided new insights, the accuracy and 
sensitivity of the association studies are still impeded by epistasis, incomplete 
penetrance and genetic and phenotypic heterogeneity. Several studies have also 
demonstrated the importance of analyzing the influence from, not only gene-
environment but also gene-gene interaction. By applying this approach, many new 
combinations of risk alleles may be discovered with stronger risk for the disease. 
 
6.2 COPY NUMBER VARIATIONS 

The existing genotyping technology captures the most common SNPs but is not optimal 
for capturing rare variants or CNVs. To be able to detect biallelic, multiallelic, rare and 
de novo CNVs newer technologies and calling algorithms are required. With the advent 
of next-generation sequencing tools as well as SNP databases, the role of additional 
rare variants may hopefully be tested. By expanding the catalogue of risk alleles, we 
will gain new insights into the genetic variation and the pathogenesis of autoimmune 
diseases, such as RA and SLE. 
 
6.3 BIOLOGICAL FUNCTION 

Functional studies are required to define which gene that is the actual causal gene, at a 
certain risk locus. Many risk loci contain genes that are involved in the innate or the 
adaptive immune system, and it is also known that the NF-κB signalling pathway is 
important in for example RA pathogenesis. Therefore, the major challenge lies in how 
to design experiments based on what we know from human genetics to gain novel 
insight into pathways that lead to autoimmune disease. For RA, analyses of the two 
biological candidate genes TRAF1 and C5 are compelling since this locus was 
identified concurrently by both an unbiased GWAS (87) and a candidate gene 
association study (97). For SLE, STAT4 may be interesting, which is a marker for novel 
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common pathways involved in the disease, where the actual functional consequence 
still remains to be identified. In addition, it is wishful to elucidate the biological 
function of PTPN22, being the strongest associated risk allele after MHC in 
susceptibility to RA, and also being an important risk allele for SLE. 
  
6.4 CLINICAL PREDICTION 

Progress in prevention and treatment of autoimmune diseases such as RA and SLE are 
expected to be facilitated by using certain biological markers, i.e. ACPA, RF, 
SSA/SSB, aPL and genetic markers such as HLA-DRB1 alleles (shared epitope for RA, 
DRB1*03 and DRB1*04 for SLE) and so on for subgrouping of patients. To confirm 
possible predictors of autoimmune diseases, longitudinal studies with long follow-up of 
the influence of environmental and genetic risk factors are needed. It will be 
particularly important to conduct epidemiological and genetic studies in collections of 
non-European ancestry to solve the puzzle and eventually lead to knowledge on how to 
decrease the occurrence of, autoimmune diseases, in this case RA and SLE. 
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