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ABSTRACT 
 

Systemic lupus erythematosus and rheumatoid arthritis 
- Analyses of candidate genes, involved in immune functions, for susceptibility and severity. 

 
Martin Johansson, Department of Public Health and Clinical Medicine, Rheumatology, 

Umeå University 
 

Systemic lupus erythematosus (SLE) is an autoimmune rheumatic disease with systemic 
manifestations characterized by auto-antibodies directed against different parts of the cell nucleus 
including DNA, histones and ribosomes. The systemic inflammation can cause damage to 
multiple organs, e.g., kidneys, skin, heart, lungs and the nervous system. Rheumatoid arthritis 
(RA) is another autoimmune rheumatic disease characterized by auto-antibodies, mainly directed 
against the Fc-part of immunoglobulin G (rheumatoid factor (RF)) but also against citrullinated 
peptides/proteins (ACPAs). The inflammation in RA primarily involves the joints resulting in 
inflamed synovial tissue and destruction of cartilage. The aetiology of both SLE and RA is 
unclear but there is a genetic contribution predominantly of genes involved in inflammation. The 
diseases are believed to be multifactorial, or complex, meaning that multiple genes interact with 
environmental, infectious and hormonal factors, thus increasing the risk of developing disease. 
     The aim of this study was to investigate different candidate genes involved in functions of the 
immune system and their relationship with SLE and RA susceptibility and severity.  
     The patients and controls were from the four northernmost counties of Sweden, which is a 
fairly homogenous population well suited for genetic studies. Two single nucleotide 
polymorphisms (SNPs) in the oestrogen receptor α (ESR1) gene were analysed in SLE. No 
association was found between the SNPs and SLE per se however the minor alleles (PvuII C and 
XbaI G) were associated with skin manifestations and later disease onset, thus representing a 
milder form of the disease. A SNP in the programmed cell-death 1 (PDCD1) gene, which codes 
for PD-1, an inhibitory molecule involved in T-cell activation, was studied. No association was 
seen between the risk allele (PD-1.3A) and SLE susceptibility but a strong association was found 
with renal disease. A risk allele of the protein tyrosine phosphatase non-receptor type 22 
(PTPN22) gene that codes for a protein called Lyp which acts as a negative regulator of T-cell 
receptor (TCR) signalling was significantly associated with SLE in three different case-control 
sets across Sweden. Both PDCD1 and PTPN22 were independently associated with renal disease. 
The PTPN22 gene has been associated with numerous autoimmune diseases and was evaluated in 
another auto-antibody producing disease, RA. From the Medical Biobank of northern Sweden 
samples donated before the development of symptoms of RA were identified. In these individuals, 
who subsequently developed RA, the 1858T risk allele in combination with ACPAs gave a high 
relative risk (>132) for developing RA. The association between PTPN22 and RA was confirmed 
in a larger material of patients with early RA. The 1858T allele, of the three SNPs investigated, 
was shown to be the true risk allele associated with auto-antibody positive RA. A functional role 
of PTPN22 in TCR-mediated activation of T cells from patients with SLE and RA was not 
demonstrated.  
     In conclusion, minor alleles of two SNPs in the ESR1 gene were associated with a milder form 
of SLE. The risk allele in the PDCD1 gene was associated with renal disorder in SLE. The risk 
allele 1858T of the PTPN22 gene was associated with SLE, particularly with renal disease. The 
1858T allele in combination with auto-antibodies was a risk factor for developing RA. In early 
diagnosed RA, the 1858T allele was highly associated with RA and in particular with auto-
antibody positive RA. 

 



TABLE OF CONTENTS 
ABBREVIATIONS     8
     
LIST OF PUBLICATIONS    11 
 
INTRODUCTION    12 

1. Background    12 
2. Genetic diseases    12 
3. Identification of causative genes in complex diseases  13 
4. Statistics in genetic association studies   17 
5. Systemic lupus erythematosus   19 
6. Rheumatoid arthritis    22 
7. Genetics of SLE and RA   25 

7.1. Genetic associations with SLE   27 
7.2. Genetic associations with RA   28 

8. Background on immunological aspects   30 
9. Candidate genes involved in immune functions  32 

 
AIMS OF THE STUDY    35 
 
STUDY POPULATIONS AND METHODOLOGY  36 
    10.  Study populations    36 
     11.  Genotyping and serological analyses   38 
     12.  Functional study (paper V)   39 
     13.  Statistics    39 
 
RESULTS AND DISCUSSION   41 
     14.  Paper I     41 
     15.  Paper II     44 
     16.  Paper III    47 
     17.  Paper IV    49 
     18.  Paper V     50 
 
CONCLUDING REMARKS   55 
 
SVENSK SAMMANFATTNING   57 
 
ACKNOWLEDGEMENTS    58 
 
REFERENCES    61 
 
PAPERS AND MANUSCRIPT



ABBREVIATIONS 
 
aCL  Anti-cardiolipin antibodies 
ACPA    Anti-citrullinated protein/peptide antibodies 
ACR    American College of Rheumatology 
AID    Autoimmune disease 
AFA  Anti-filaggrin antibodies 
APF  Anti-perinuclear factor 
aPL  Anti-phospholipid antibodies 
AKA  Anti-keratin antibodies 
ANA    Anti-nuclear antibody 
APS  Anti-phospholipid syndrome 
BILAG   British Isles lupus assessment group 
BCR    B-cell receptor 
CCP    Cyclic citrullinated peptide 
CI   Confidence interval 
CNV   Copy number variation 
CRP    C-reactive protein 
D   Pairwise-disequilibrium coefficient 
DAS28  Disease activity score for 28 joints 
DC  Dendritic cell 
DNA   Deoxyribonucleic acid 
dsDNA    Double stranded DNA 
ECLAM European consensus lupus activity measurement 
ELISA    Enzyme-linked immunosorbent assay 
Fc   Fragment crystallisable 
GWAS    Genome wide association study 
HLA    Human leukocyte antigen 
HWE   Hardy-Weinberg equilibrium 
IFN    Interferon 
Ig    Immunoglobulin 
IL  Interleukin 
IQR   Inter quartile range 
LAI  Lupus activity index 
LD   Linkage disequilibrium 
MBL  Mannan binding lectin 
MCP    Metacarpophalangeal joints  
MHC  Major histocompatibility complex 
mRNA  Messenger ribonucleic acid 
mtDNA  Mitochondrial deoxyribonucleic acid 
NIPDC  Natural IFN producing cells 
OR  Odds ratio 
ORα/β  Oestrogen receptor alpha/beta  
PAD  Peptidylarginine deiminase 
PCR  Polymerase chain reaction 
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PD-1  Programmed death 1 
PDC  Plasmacytoid dendritic cell 
pDC2  Precursor of type 2 dendritic cell 
PIP  Proximal interphalangeal joints 
PMA  Phorbol 12-myristate, 13-acetate 
r2  Correlation coefficient 
RA  Rheumatoid arthritis 
RF  Rheumatoid factor 
RNA  Ribonucleic acid 
RNP  Ribonucleoprotein  
SD  Standard deviation
Self-AG  Self-antigen 
SEM  Standard error of the mean 
SLAM  Systemic lupus activity measure           
SLE  Systemic lupus erythematosus 
SLEDAI  SLE disease activity index 
SLICC/ACR Systemic lupus international collaborative clinics/ACR 

damage index  
Sm  Smith antigen 
SNP  Single nucleotide polymorphism 
SPSS  Statistical package for the social sciences  
SSA/B  Sjögren syndrome antigen A/B (Ro/La) 
ssDNA  Single stranded DNA 
TCR  T-cell receptor 
TGF-β  Transforming growth factor-beta 
TH  T-helper cell 
TNF  Tumour necrosis factor 
Treg  Regulatory T-cell 
UTR  Untranslated region 
χ2  Chi-square 
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Gene abbreviations 
 
ATG5  Autophagy related 5 homolog 
BANK1  B-cell scaffold protein with ankyrin repeats 1 
BDKR1  Bradykinin receptor 1 
BLK  B lymphoid tyrosine kinase 
C8orf13  Chromosome 8p23.1 
CCL1/8/13/21  Chemokine (c-c motif) ligand 1/8/13/21 
CD40  CD40 molecule, TNFR superfamily member 5 
CDK6  Cyclin-dependent kinase 6 
CTLA4  Cytotoxic T-lymphocyte associated protein 4 
ESR1  Estrogen receptor 1 
FCGR2A  Fc fragment of IgG, low affinity IIa, receptor 
GZMB  Granzyme B 
HLA  Human leukocyte antigen   
ICA1  Islet cell autoantigen 1 
IL2/21  Interleukin 2/21 
IL2RA/B  Interleukin 2 receptor alpha/beta 
IRAK1  IL-1 receptor associated kinase 1 
IRF5  Interferon regulatory factor 5 
ITGAM/X  Integrin alpha M/X  
ITPR3  Inositol 1,4,5-triphosphate receptor, type 3 
KAZALD1  Kazal-type serine peptidase inhibitor domain 1 
KIAA1542  PHD and ring finger domains 1 
KIF5A  Kinesin family member 5A 
LYN v-yes-1 Yamaguchi sarcoma viral related oncogene 

homolog 
NMNAT2  Nicotinamide nucleotide adenylyltransferase 2 
PDCD1  Programmed cell death 1 
PIP4K2C Phosphatidylinositol-5-phosphate 4 kinase, type II, γ 
PRKCQ  Protein kinase C, theta 
PTPN22  Protein tyrosine phosphatase, non-receptor type 22 
PTTG1  Pituitary tumor-transforming 1 
PXK  PX domain containing serine/threonine kinase 
REL v-rel reticuloendotheliosis viral oncogene homolog 
SCUBE1  Signal peptide, CUB domain, EGF-like 1 
SELP  Selenoprotein P 
STAT4  Signal transducer and activator of transcription 4 
TNFAIP2/3  TNF alpha interacting protein 2/3 
TNFRSF14  TNFR superfamily, member 14 
TNFSF4  TNF (ligand) superfamily, member 4 
TNPO3  Transportin 3 
TRAF1-C5 TNFR-associated factor 1 – Complement component 5 
TREX1  Three prime repair exonuclease 1 
TYK2  Tyrosine kinase 2 
UBE2L3  Ubiquitin-conjugating enzyme E2L 3 
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INTRODUCTION 
 
1. Background 
 
This study focuses on two systemic autoimmune rheumatic diseases, namely 
systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA). The 
aetiology of both diseases is unclear but they are considered to be multifactorial 
diseases. Both diseases are genetically complex and the clinical pictures of the 
diseases are heterogeneous, which makes it difficult to identify the exact 
underlying mechanisms and genetic factors predisposing the diseases. The main 
focus is the analysis of genetic polymorphisms in genes involved in immune 
functions and their association with disease susceptibility and severity. 
 
2. Genetic diseases 
 
In 1953, James Watson and Francis Crick described the three-dimensional 
structure of deoxyribonucleic acid (DNA), which consists of a phosphate-
deoxyribose backbone with the nucleic acids, or bases, attached to it and 
through hydrogen bonding, between A and T and C and G, two strands of DNA 
were held together in the shape of a double helix.1 Approximately 3 billion 
base-pairs of DNA are densely packed into chromosomes. The arrangement of 
the bases creates a DNA sequence and this sequence harbour approximately 
20,000-25,000 protein-coding genes across the genome.2 The genes consist of 
coding (exons) and non-coding (introns) parts. Genes are transcribed into 
messenger ribonucleic acids (mRNAs) and the intronic parts are cleaved off. 
The mature mRNA translates into a sequence of amino-acids to produce a 
protein. 
 
There are three types of genetic diseases: mitochondrial, monogenic, and 
polygenic. 
 
Mitochondrial diseases are rare and caused by mutations in the mitochondrial 
DNA (mtDNA). Mitochondria, the organelles of the cell responsible for 
generating most of the cells energy, have their own independent genome that is 
inherited maternally.  
 
Monogenic diseases are caused by mutation(s) in a single gene and are inherited 
in different fashions: autosomal dominant/recessive or X-linked 
dominant/recessive. Recessive disease occurs as a result of damage in both 
copies of a specific allele. The way in which monogenic diseases segregate is in 
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a clear Mendelian pattern. By studying the familial pedigree it is often possible 
to recognize the pattern of inheritance for a monogenic trait. 
Polygenic diseases, often called complex or multifactorial diseases, do not 
segregate in a Mendelian fashion and the level of inheritance is much lower 
compared with monogenic diseases. According to the gene threshold liability 
hypothesis many genes may be involved in disease susceptibility of a complex 
disease and that each gene confers a relatively small individual risk for disease.3 
However, if a sufficient number of risk genes or alleles are co-inherited the 
individual will become susceptible for a specific polygenic disease. SLE, RA, 
diabetes, cancer, high blood pressure and obesity are all examples of complex 
diseases. Genetic factors are not the sole aetiology of a complex disease. In 
monozygotic twins the genetic risk does not fully explain the total risk for 
developing a polygenic disease. For SLE and RA the disease concordant rate for 
monozygotic twins is 24-58 % and 15 %, respectively.4; 5 Given a genetic 
predisposition for disease other risk factors, such as environmental, hormonal or 
infectious factors trigger the pathological processes leading to disease onset 
(Figure 1).  
 

Figure 1. Mechanisms of a complex disease 
 

 
   
3. Identification of causative genes in complex diseases  
 
In the genome there are different types of variation that can be utilized in the 
processes of identifying causative genes or loci. Historically, the most 
frequently used variations have been microsatellite markers, which are short 
repeated sequences located throughout the genome. Microsatellite markers 
normally present with many different alleles making them potentially very 
informative. On the other hand, they are spaced relatively far apart yielding in a 
low resolution map of the genome. A denser map of the genome can be 
achieved by using single nucleotide polymorphisms (SNPs) (Figure 2). A SNP 
is a single base-pair substitution and there are over 10 million SNPs in the 
genome.6 
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When the frequency of the least common allele, i.e., the minor allele, is >1% in 
the population, the SNP is defined as a common SNP.7 There are different types 
of SNPs, depending on their location and action. They can be coding if present 
in gene exons, non-coding if present in gene introns or intergenic if present in 
between genes. SNPs in the coding regions of genes can either be synonymous, 
if the base-pair change does not alter the amino acid of the peptide, or non-
synonymous, if the base-pair change alters the peptide sequence. A non-
synonymous SNP can either be a missense SNP when the amino-acid is 
changed and the peptide is translated as usual, or a nonsense SNP if the amino 
acid change leads to a premature translational stop. 

 
Figure 2. Single nucleotide polymorphism. 

 
 
Frequent variations in the DNA sequence, other than SNPs, are insertions and 
deletions. Over 400,000 small insertions and deletions (1-16 bp) along with a 
variety of larger copy number variations (CNVs) have been identified.8 CNVs 
include deletions and duplications and can range from 100 bp to 3 Mb. More 
than 38,000 CNVs have been identified, including inversions.9 However, the 
extent to which CNVs contribute to the genetic diversity and their role in 
complex diseases are still being unravelled. 
 
Two main strategies are used when identifying genetic susceptibility loci in 
complex diseases, namely linkage and association.   
 
With linkage studies the goal is to identify particular regions of the genome, 
which segregate with the disease. Complex diseases tend to aggregate in 
families and the use of family-based materials is important in linkage studies in 
order to detect the phase, maternal or paternal inheritance, of the inherited 
allele. The procedure is to determine the number of alleles of specific markers, 
usually microsatellite markers, which are evenly spaced throughout the genome. 
Microsatellite markers are chosen based on how dense the genetic mapping will 
be. If a marker is inherited differently in individuals with the disease compared 
with their healthy relatives, the marker is said to be linked with the disease. 
Markers linked with disease are used to detect regions of the genome that can be 
defined as loci susceptible for the disease. Usually, these markers are located 
quite far apart resulting in a wide susceptibility locus harbouring many potential 
candidate genes. Since SNPs are much more frequent in the genome than 
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microsatellite markers they are often used to fine map the susceptibility loci 
identified through linkage studies. 
 
The second strategy is the human association strategy where a candidate genetic 
marker, e.g. a SNP, is genotyped in affected individuals and healthy controls 
(case-control analysis). A common method of genotyping SNPs, i.e., the 
TaqMan technique, utilizes the 5’ nuclease assay in which different probes, 
conjugated with varying fluorophores, are used to detect the various alleles of a 
specific polymorphism (Figure 3).  
 
Figure 3. 5’ nuclease assay. In the perfect match scenario, the appropriate probe is perfectly 
bound to one of the alleles of the particular SNP. This results in cleavage of the probe during 
polymerisation, which separates the quencher from the fluorophore yielding in fluorescence. In 
the mismatch scenario, the probe is bound to the wrong allele resulting in a mismatch binding. 
During polymerisation the whole probe will dissociate from the template due to weak binding. 
There will be no fluorescence owing to the quencher being in close proximity to the fluorophore. 
 

 
 
Two probes, each corresponding to one of the two possible alleles of a 
particular SNP, are mixed with forward and reverse primers, necessary reagents 
for the polymerase chain reaction (PCR) and the individuals genomic DNA. 
Each probe corresponds to one allele of the specific SNP and has a specific 
fluorophore and also a quencher, which absorbs the energy from the fluorophore 
when in close proximity. A short part of the template, which includes the SNP, 
is amplified with specific primers and if the right TaqMan probe is bound to 
sequence it will be a perfect binding and the DNA polymerase will digest the 
probe during the next cycle of polymerisation. This will separate the quencher 
from the fluorophore yielding a fluorescence that can be detected following 
exposure to a laser source. However, if the wrong TaqMan probe is bound there 
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will be a mismatch in binding and the whole probe will dissociate from the 
sequence upon polymerisation and no fluorescence can occur because of the 
proximity of the quencher. Any emitted fluorescence is detected by the 
dedicated TaqMan instrument and the results viewed as individual genotypes 
based on the intensity of the fluorescence (Figure 4). 
 
Figure 4. Allelic discrimination of the PTPN22 1858C/T polymorphism in patients with early 
diagnosed RA. The x-axis denotes the intensity of fluorescence detected from the fluorophore 
specific for the probe that bound the T allele of the PTPN22 1858C/T polymorphism with a 
perfect match. The y-axis denotes the intensity from the fluorophore on the probe corresponding 
to the C allele. 
 

 
    
Based on the allelic discrimination plot in figure 4, there are two individuals 
who were homozygous for the T allele (TT) (red), indicating that the T allele 
was present on both chromosomes. In green are heterozygous individuals who 
have the C allele on one chromosome and the T allele on the other (CT). In blue 
are individuals homozygous for the C allele (CC) and in grey are the negative 
controls. If an allele is significantly more frequent in patients compared with 
controls, the allele is considered to be associated with the disease.  
 
Association studies in case-control materials are now the commonest way of 
identifying candidate genes and causative alleles for complex diseases. There 
are two approaches when performing association studies: firstly, to investigate 
one or a few SNPs in a single candidate gene and compare the allele frequencies 
between cases and controls, and secondly, to perform a genome-wide 
association study (GWAS) comprising as many as one million SNPs across the 
genome. The latter is an ideal approach for identifying novel candidate genes. 
Both strategies require well-characterized case-control materials with patients 
and controls originating from the same geographical area. Population 
stratification might be a problem since allele frequencies may differ between 
individuals from different countries and from different ethnic backgrounds.  In 
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unmatched case-control studies, population stratification could cause false 
positive/negative results.  
 
4. Statistics in genetic association studies 
 
To check whether the observed distributions of genotypes are as expected the 
Hardy-Weinberg equilibrium (HWE) is calculated.10 A chi-square (χ2) 
calculation is performed in order to detect significant differences between the 
observed and the expected frequencies. 
 
 χ2 = Σ (Obs – Exp)2 / Exp 
 
If the significance level is set at 95%, χ2-values above 3.84 are considered as 
significant deviations from the Hardy-Weinberg equilibrium. 
 
There are a number of reasons why genotype frequencies of the control 
population could deviate from HWE, i.e., genotyping errors, too small sample 
size, inbreeding, or population stratification.11 If the patient population deviates 
from HWE it could be due to disease causing mutations. 
 
If an allele is associated with the disease, the allele frequency is significantly 
more frequent among patients compared with controls. One way of calculating 
the difference is by a conventional χ2-test. At the statistical significance level of 
95%, p-values equal to or lower than 0.05 are considered significant and thus 
the null hypothesis (H0), i.e., there is no difference in allele frequencies between 
patients and controls, can be rejected. 
 
It is also important to know if the association of an allele confers a protective 
effect or a risk. One method of investigating this association is calculation of an 
odds ratio (OR). 

Patients Controls Allele 
Observed Observed 

A1 Obs (PA1) Obs (CA1) 
A2 Obs (PA2) Obs (CA2) 

 
If calculating the odds ratio for allele A1 then: 
 
OR = ( Obs (PA1) / Obs (PA2) ) / ( Obs (CA1) / Obs (CA2) ) = 
      = ( Obs (PA1) x Obs (CA2) ) / ( Obs (CA1) x Obs (PA2) ) 
 
If the odds ratio is greater than 1.00, the allele A1 confers an increased risk for 
disease compared with allele A2. However, if the odds ratio is less than 1.00, 
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the allele confers a protective effect. A significant association is fulfilled when 
the confidence interval (CI) does not include 1.00.  
 
An important tool when studying multiple SNPs in a region is linkage 
disequilibrium (LD). Alleles of two neighbouring SNPs have a tendency of 
segregating together and when linked alleles are associated it is called linkage 
disequilibrium. LD is the non-random, or non-independent, association between 
alleles at two or more loci. For example, allele A and allele B at different loci 
are at allele frequencies p(A) and p(B) in the population. If the loci are 
independent, one would expect the AB haplotype at a frequency of p(A)p(B). If 
the AB haplotype frequency is either higher or lower than p(A)p(B), meaning 
that the alleles are observed together, then the two loci are said to be in LD.12 
LD between two SNPs or markers is measured by D’ or by the correlation 
coefficient, r2. Both the D’ and r2 measures are based on the pairwise-
disequilibrium coefficient, D, which is the difference between the probability of 
observing alleles from two markers on the same haplotype and observing them 
independently in the population.13 D’ values ranges from 0 to 1 and a D’ value 
of 1 means that all copies of the minor allele for one SNP are always observed 
with one of the two alleles of the other SNP. A D’ value of 0 means that the two 
loci are randomly inherited. The r2 measure ranges between 0 and 1 and an r2 
value of 0 also implies independence. However, an r2 value of 1 has a more 
strict interpretation than D’; r2=1.0 when the allele frequency are identical for 
the two SNPs. With an r2 of 1.0 for two SNPs means that given the allele 
frequencies for one SNP, one can predict the allele frequencies for the other 
SNP. D’ is very unstable for small sample sizes so r2 is used more frequently in 
the assessment of LD. Knowledge about LD is invaluable when constructing 
haplotypes and interpreting results from genetic associations. Associations 
between an allele and a phenotype can occur due to a number of reasons. It 
could be a true association, by chance or it could be an artefact owing to the 
allele being in LD with the real phenotype causing allele. LD is also very useful 
when fine-mapping regions of interest. For example, the PTPN22 gene harbours 
47 SNPs (Figure 5) according to the build 36 assembly from the HapMap data. 
Using pair-wise tagging with a r2 threshold of 0.8, only 10 of those 47 SNPs 
(called tagSNPs) are necessary to genotype since their allele frequencies can be 
used to predict the allele frequencies of the other 37 SNPs. 
 
There are some pitfalls in genetic statistics. Type I errors (the test result is false 
positive) and type II errors (the test result is false negative) are normally 
corrected for using the conservative Bonferroni correction. Another way of 
correcting for multiple testing is to perform a permutation test, which is a 
computerized test where χ2-tests are calculated based on the observed 
frequencies from randomised samplings of the test population. 
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Figure 5. LD pattern with r2 values for the SNPs in the PTPN22 gene. r2 values are presented in a 
grey scale, where black corresponds to a r2 value of 1.0 and white corresponds to a r2 value of 0.  
 

 
 
 
5. Systemic lupus erythematosus 
 
Systemic lupus erythematosus (SLE) (MIM no. 152700), a chronic systemic 
inflammatory disease, is considered to be the prototypic example of systemic 
autoimmune disease.  
 
The incidence of SLE in Caucasians is approximately 2-8 cases per 100,000 
individuals per year with a prevalence of between 15 and 50 cases per 100,000 
individuals.14 The incidence rate of SLE in northern Sweden is 3.7 cases per 
100,000 persons per year in women and 0.6 cases per 100,000 persons per year 
in men and the prevalence is 67.4/100,000 and 12.9/100,000, respectively 
(Solbritt Rantapää Dahlqvist, personal communication), which is in line with 
the published values from southern Sweden.15 
 
SLE predominately affects women (female: male ratio = 5-9:1) and in particular 
women of childbearing age.16-21 One of the female sex-hormones, oestrogen, 
which has pro-inflammatory properties, is thought to be one of the factors 
responsible for the female predominance.22; 23 It has been shown that some 
oestrogen containing oral contraceptives 24-26 and pregnancy 27-32 may cause the 
disease to flare and that disease activity may fluctuate with the menstrual 
cycle.33; 34 However, the role of oestrogen in SLE pathogenesis is controversial. 
SLE can occur in children, with an almost equal sex ratio, in post-menopausal 
women after menopause and also in men. The explanation for the gender bias of 
SLE probably lies within the interaction of multiple sex hormones, including 
oestrogen, testosterone, dehydroepiandrosterone (DHEA) and prolactin.35 The 
female predominance could also be partly explained by an X chromosome gene-
dosage effect. The frequency of Klinefelter’s syndrome (47,XXY) has been 
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shown to be increased approximately 14-fold in men compared with those 
without SLE.36  
 
SLE is a disease characterized by inflammation resulting in organ damage. The 
immunological processes in patients with SLE produce a wide range of auto-
antibodies against components of the cell nucleus resulting in a diversity of 
clinical manifestations. Anti-double stranded DNA (dsDNA) antibodies are 
highly specific for SLE and belong to the group of auto-antibodies called anti-
nuclear antibodies (ANAs). ANAs are present in more than 95% of the 
patients.14 Other ANAs are anti-single-stranded DNA (anti-ssDNA) antibodies, 
anti-ribonuclear protein (anti-RNP) antibodies, anti-SSA (Ro) antibodies, anti-
SSB (La) antibodies, anti-histone antibodies, and anti-Sm antibodies. Another 
group of auto-antibodies are anti-phospholipid (aPL) antibodies, which are 
present in approximately 25-30% of patients with SLE.37 A positive test for 
lupus anticoagulant/anticardiolipin (aCL)/aPL antibodies indicate the presence 
of secondary anti-phospholipid syndrome (APS) if associated with thrombosis 
and/or recurrent miscarriage.38 
 
Auto-antibodies have been detected up to 9 years before the onset of symptoms. 
ANA, anti-Ro, anti-LA and aPL are the first auto-antibodies to present and 
usually precede the onset of SLE by many years. Anti-Sm and anti-RNP 
antibodies appear only months before diagnosis and concurrently with the 
appearance of clinical manifestations.39 
 
A common hypothesis on the pathogenesis of SLE is that cell death is 
responsible for the release of the extra-cellular DNA that is recognised by anti-
DNA antibodies. Increasing levels of extra-cellular DNA could occur either by 
an increase in cell death or by an impaired clearance of dying cells.40 Apoptosis 
is a programmed cell death induced either extrinsically by signalling through 
the Fas ligand, or intrinsically following DNA damage.41 During apoptosis, 
proteins, DNA, and RNA are cleaved by caspases, proteases, and 
endonucleases. There are also post-translational modifications of autoantigens 
like ubiquitination, methylation and citrullination, which could contribute to the 
development of auto-antibodies.42 The plasma membrane of the cell is altered, 
the chromatin degraded and nucleosomes cleaved, leading to the formation of 
apoptotic blebs.43 The apoptotic blebs contain nucleosomal DNA along with 
other auto-antigens such as Ro, La and RNPs.44  
 
The complement system plays an important role in the elimination of apoptotic 
cells and immune complexes. Complement is activated through three different 
pathways: the classical, the mannan-binding lectin (MBL) and the alternative 
pathway. The classical pathway is responsible for the removal of immune 
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complexes.45 Deficiencies of components belonging to the classical pathway 
(C1q, C1r, C1s, C2, and C4) are associated with an increased risk of developing 
SLE with the strongest associations being found with C1q.46; 47 Classical 
pathway deficiencies are associated with an impaired clearance of apoptotic 
cells.48 Furthermore, it has been suggested that classical pathway deficiencies 
result in impaired handling of immune complexes, B-cell tolerance, and 
cytokine production by dendritic cells (DC), all of which may contribute to the 
pathogenesis of SLE.47  
 
An impaired clearance of apoptotic cells could result in increased amounts of 
extra-cellular DNA, in the form of nucleosomes, which in turn can form 
immune complexes and trigger the production of type I interferon (IFN). The 
type I IFN system has been shown to play an important role in the 
aetiopathogenesis of SLE. Increased serum levels of IFN-α have been detected 
in patients with SLE.49 The major IFN-α producing cells among human blood 
leucocytes were initially called natural IFN producing cells (NIPC).50 The NIPC 
had the properties of a dendritic cell (DC) precursor and were later 
characterized as plasmacytoid DC (PDC) or precursor of type 2 DC (pDC2).51 
IFN-α production by PDC is generally considered to be induced by viruses. 
However, in SLE, IFN-α production can be triggered by immune complexes of 
antibodies and either DNA or RNA. The formation of these IFN-α activating 
immune complexes is thought to be a consequence of apoptotic or necrotic 
cells.51 Elevated IFN-α production could result in maturation of DCs, activation 
of T-cells and stimulation of auto-antibody production by B-cells. These auto-
antibodies in turn form new immune complexes and trigger the next cycle of 
IFN-α production.51 
 
Clinically, SLE can manifest in multiple organ systems, e.g., heart, lungs, 
kidneys, joints, skin and nervous system. To be diagnosed with SLE, the patient 
must fulfil at least four out of the 11 criteria for SLE (Table 1).52; 53     
 
There are different measurements used to assess disease activity. The most 
widely used, and validated, are the British Isles lupus assessment group 
(BILAG) index, the European consensus lupus activity measurement (ECLAM), 
the systemic lupus activity measure (SLAM), the SLE disease activity index 
(SLEDAI), and the lupus activity index (LAI).54 The SLEDAI measures the 
disease activity within the previous 10 days and includes 24 weighted objective 
clinical and laboratory variables.55 Chronic organ damage can be assessed using 
the systemic lupus international collaborating clinics damage index, which has 
been endorsed by the American College of Rheumatology (SLICC/ACR).56 
This index scores the organ damage occurring since the onset of lupus, as 
ascertained by clinical assessment and present for at least 6 months. The 
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SLICC/ACR damage index includes ocular, neuropsychiatric, renal, pulmonary, 
cardiovascular, peripheral vascular, gastrointestinal, musculoskeletal, and skin 
manifestations.56 

 
Table 1. The American College of Rheumatology’s criteria for SLE, revised in      1982 
and1997. 52; 53 

 

Criterion Definition 

1. Malar rash Fixed erythema over the malar eminence, tending to spare 
the nasolabial folds 

2. Discoid rash Erythematous raised patches with keratotic scaling and 
follicular plugging 

3. Photosensitivity Self-reported or observed rashes caused by unusual 
reaction to sunlight 

4. Oral ulcers Observed oral or nasopharyngeal ulceration 

5. Arthritis Nonerosive arthritis involving two or more peripheral 
joints 

6. Serositis Pleuritis or pericarditis 
7. Renal  
    disorder Persistent proteinuria >0.5g/day or cellular casts 

8. Neurologic  
    disorder Seizures or psychosis 

9. Hematologic  
    disorder 

Hemolytic anemia, leukopenia, lymphopenia or 
thrombocytopenia 

10. Immunologic  
     disorder 

Anti-DNA antibodies, anti-Sm antibodies, aPL 
antibodies, or false positive test for syphilis 

11. Antinuclear  
      antibody Abnormal titer of antinuclear antibody 

 
 
6. Rheumatoid arthritis 
 
The classical symptoms of rheumatoid arthritis (RA) include swollen and 
painful joints, often in a symmetrical fashion in the joints of the hands, wrists 
and feet, morning stiffness lasting hours, fatigue, and occasionally moderate 
fever.  RA (MIM no. 180300) affects approximately 0.5-1.0 % of the population 
of western Europe and north America.57 The disease is prevalent throughout the 
world but the highest frequencies of RA are found among Native American-
Indians with reported frequencies as high as 6.8%.58 The aetiology of RA is still 
unclear and it is considered to be a multifactorial disease with interacting 
contributions from genetic, infectious, environmental and hormonal factors.59 
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The diagnosis of RA is based on the American College of Rheumatology (ACR) 
1987 criteria for the classification of RA (Table 2).60  
 
Table 2. The American College of Rheumatology 1987 criteria for the classification of RA. 60 
Patients fulfilling ≥4 of the criteria are diagnosed with RA. Criterion 1-4 must have been present 
for at least 6 weeks 
 

Criterion Definition 

1. Morning stiffness 
Morning stiffness in and around the joints, 
lasting at least 1 hour until maximal 
improvement 

2. Arthritis of 3 or more joint 
areas 

Fluid or soft tissue swelling of at least 3 
defined joint areas simultaneously 

3. Arthritis of hand joints At least 1 area swollen in a wrist, MCP or 
PIP joint 

4. Symmetric arthritis Simultaneous involvement of defined joint 
areas of both sides of the body 

5. Rheumatoid nodules Subcutaneous nodules 

6. Serum rheumatoid factor 
Abnormal amounts of serum rheumatoid 
factor detected by any method in which 
95% of control subjects are negative  

7. Radiographic changes Erosions or periarticular decalcification on 
hand or wrist radiographs 

           MCP=Metacarpophalangeal joints, PIP=Proximal interphalangeal joints 
 
The disease can present with systemic manifestations, including subcutaneous 
nodules, pleuritis, pericarditis and vasculitis, which contribute to the morbidity 
and mortality.61 The disease has, in most untreated cases, a severe outcome with 
joint destruction. An increased co-morbidity, particularly cardiovascular, with 
an increased mortality has been shown in a large number of studies.62; 63  
 
Overall disease activity is assessed by the disease activity score in 28 joints 
(DAS28), which is calculated based on the number of swollen joints, the 
number of tender joints, the erythrocyte sedimentation rate, and the patients 
global assessment of the disease.64 The response to treatment is assessed 
according to the ACR criteria, which is based on five criteria; patient 
assessment, physician assessment, pain scale, disability/functional 
questionnaire, and erythrocyte sedimentation rate.65; 66 ACR20/50/70 is defined 
as at least a 20/50/70% improvement of the number of swollen and tender joints 
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or at least a 20/50/70% improvement of three of the five ACR criteria 
mentioned above. 
 
In the joints, there is an inflammation in the lining of the joint, i.e., the synovial 
membrane. The synovium becomes hyperplastic and there is an infiltration of 
CD4+ T-cells. B-cells and DCs aggregate with the T-cells resulting in a local 
immunoglobulin (Ig) production of auto-antibodies and the formation of 
immune complexes. The auto-antibodies  are believed to recognize articular 
antigens, e.g., type II collagen and proteoglycans, or normal immunoglobulins 
(Ig).67 The synovium grows in a malignancy-manner extending to the cartilage 
and destroying the underlying tissue.  
 
The auto-antibodies with the highest specificity and sensitivity for RA are the 
rheumatoid factors (RFs) and the anti-citrullinated protein/peptide antibodies 
(ACPAs). RFs recognize the Fc portion of IgG isotype immunoglobulins and 
their presence is included in the ACR criteria for the diagnosis of RA (Figure 
6). RF is generally of IgM isotype but may also exist as either IgA and IgG 
isotype.68 

 
Figure 6. Rheumatoid factor 

 
 
Anti-perinuclear factor (APF) antibodies and anti-keratin antibodies (AKA) 
were the first anti-citrullinated antibodies to be associated with RA. The antigen 
was identified as filaggrin and APF and AKA were renamed anti-filaggrin 
antibodies (AFA).69; 70 The AFA test had poor sensitivity and was difficult to 
perform. It was hypothesised that the fillagrin could contain citrullinated 
residues and different enzyme linked immunosorbent assays (ELISAs) were 
constructed with different citrulline-containing peptide variants. Sera from RA 
patients recognized these citrullinated peptides with high sensitivity and 
specificity.71 Citrullination is a post-translational modification of proteins in 
which the amino acid arginine is converted to citrulline by the enzyme 
peptidylarginine deiminase (PAD) in presence of calcium ions (Ca2+) (Figure 7) 
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Figure 7. Citrullination. An arginine residue is converted to citrulline under the influence of PAD 
and Ca2+ 

 
 
Several proteins, such as filaggrin72, keratin73, myelin basic protein74, 
vimentin75, α-enolase76, fibrinogen/fibrins77, type I collagen78, and type II 
collagen undergo citrullination.79 Citrullinated filaggrin, vimentin, and fibrin 
have been detected in synovial joint fluid from patients with RA.77; 80 However, 
the pathologic role of citrullinated peptides/proteins is not fully elucidated. 
PADs cannot catalyze the deimination under physiological conditions and the 
key event is a high Ca2+ influx in order to activate the enzymes. Apoptosis is a 
process in which calcium levels are elevated 81 and may, therefore, be one of the 
mechanisms inducing production of citrullinated peptides/proteins.  
 
Knowledge regarding citrullinated peptides lead to the development of synthetic 
antigens, called cyclic citrullinated peptides, used in ELISAs to detect ACPAs.82 
The presence of ACPAs has a higher specificity for RA compared with RFs, 
although with a similar sensitivity.68 ACPAs and RFs of all isotypes have been 
detected in samples from patients with RA donated years prior to any symptoms 
of disease.83 Consequently both these auto-antibodies have prognostic value. 
Higher levels of RFs have been found in more severe forms of RA84; 85 whilst 
the presence of ACPAs predicts a more aggressive disease course with an 
increased disease activity and a more severe radiological damage.86-90 Smoking 
is one of the main environmental risk factors for RA 91, especially seropositive 
RA,92; 93 and has been shown to enhance the expression of PAD2 in the lungs, 
resulting in citrullinated proteins.94 Smoking has also been shown to increase 
the risk of developing ACPAs in individuals carrying the HLA-SE alleles.95; 96 
 
There are other auto-antibodies associated with RA, although with lower 
sensitivity and specificity compared with either RFs and ACPAs: anti-BiP/p68, 
anti-calpastatin, anti-collagen type II, anti-RA33, and anti-Sa antibodies.68 
 
7. Genetics of SLE and RA 
 
A strong genetic component is involved in the aetiology of SLE. The disease 
concordance rate is 2-5% for dizygotic twins compared with 24-58% for 
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monozygotic twins.4 There is also familial clustering with an λs, i.e. an 
increased risk of disease in siblings of patients with SLE compared with that of 
the general population, of approximately 20.97 As for SLE, there are strong 
genetic components contributing to the susceptibility for RA. The disease 
concordance rate for dizygotic twins in RA is 3.6% whereas it is 15% for 
monozygotic twins.5 There is a familial clustering of RA with a λs estimated to 
be between 2 and 17.98 
 
Common for both SLE and RA, as well as for other autoimmune disorders, is a 
strong genetic contribution from the human leukocyte antigen (HLA) region on 
chromosome 6p21.1-21.3. The HLA region contains over 200 genes and is the 
most polymorphic region of the genome. The HLA genes are divided into the 
class I region (HLA A, B and C), the class II region (HLA DR, DQ and DP) and 
the class III region, which contains a variety of genes for immunologically 
active products, i.e., tumour necrosis factor (TNF) and the complement 
components C2 and C4 (Figure 8).  
 
Figure 8. Gene map of the human leukocyte antigen (HLA) region on chromosome 6. Adapted 
from Mehra et al. 99 
 

 
 

SLE has been associated with haplotypes of the class II genes, mainly 
DRB1*1501/DQB1*0602, DRB1*0301/DQB1*0201 and 
DRB1*0801/DQB1*0402 in Caucasians.100 In RA, HLA class II haplotypes have 
also been associated with disease, especially DRB1*0101, *0401, *0405, and 
*0408, also known as the shared epitope (HLA-SE) alleles because of a shared 
common sequence.101 Linkage studies have successfully identified causative 
loci in monogenic diseases but they have not been as successful in identifying 
candidate genes in SLE and RA. The problem with linkage studies in complex 
diseases has been that the identified susceptibility loci have been too large and 
contained a vast number of potential candidate genes. A number of established 
candidate genes, for example IRF5 in SLE, have not been included in 
previously reported linkage regions. For SLE and RA, the main advances in the 
hunt for candidate genes have been made by association studies and in 
particular by genome-wide association studies.  
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7.1 Genetics associations with SLE 
 
In SLE there are rare mutations resulting in a Mendelian inheritance pattern for 
the disease. Certain mutations in the TREX1 gene, which encodes for a DNA 
exonuclease, and also complete deficiencies of the complement components 
C1q, C2 or C4 result in monogenic types of lupus.102; 103 
 
To date, four GWAS have been performed in SLE.104-107 These GWAS have 
analysed between 100,000 and 500,000 SNPs resulting in numerous, more or 
less, significant associations. The first study was a case-control study 
accompanied by different replication materials, comprising 6,728 women of 
European ancestry.105 The main significant genetic association from that study 
was from the HLA region and from the genes integrin alpha M (ITGAM), 
interferon regulatory factor 5/transportin 3 (IRF5/TNPO3), PHD and ring finger 
domains 1 (KIAA1542), and the PX domain containing serine/threonine kinase 
(PXK).105 The second study, comprising 279 Swedish individuals with SLE and 
515 controls, focused on identifying non-MHC genes and in particular non-
synonymous substitutions 104, resulted in identification of the SNP rs10516487, 
which was associated with SLE. The SNP created an amino-acid substitution of 
the B-cell scaffold protein with ankyrin repeats 1 (BANK1).104 The third study 
comprised 1,311 case subjects with SLE and 1,783 control subjects of North 
American and European descent. 107 The main findings were from a region 
upstream of the gene encoding B lymphoid tyrosine kinase (BLK) and C8orf13 
(chromosome 8p23.1) and variants on chromosome 16p11.22, near the genes 
coding for integrin alpha M (ITGAM) and integrin alpha X (ITGAX).107 The 
main finding of the fourth study, which comprised 431 SLE cases and 2,155 
controls of European descent, was an association between SLE and a 
polymorphism in the tumour necrosis factor, alpha-induced protein 3 
(TNFAIP3) gene.106  
 
Throughout recent years a large number of articles claiming associations 
between different risk alleles and SLE have been published. A common method 
of verifying associations is meta-analysis and a recently published meta-
analysis identified 17 SLE risk alleles.108 The authors presented two ways for a 
risk allele to fulfil the criteria of becoming a well-validated risk variant. The 
first approach was that the risk alleles had to be associated with SLE in two 
different published reports with p-values ≤ 1 × 10-5. The second approach was 
that if the risk allele only had been associated in one published report with a p-
value ≤ 1 × 10-5 it had to fulfil the meta p-value ≤ 1 × 10-5 when combined with 
the results from the replication study comprising 1,310 SLE cases and 7859 
controls.108 In Table 3, the risk alleles regarded as having a confirmed 
association with SLE susceptibility, are listed. 
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Table 3. Confirmed genes and risk alleles associated with SLE susceptibility. 
 

Locus Chromosome SNP/Allele P-value a

ATG5 105 6p21 rs6568431 5.5 x 10-6

BANK1 104 4q24 rs10516487 0.096 

BLK 105; 107 8p23.1 rs13277113, rs6985109 1.7 x 10-8

FCGR2A 105 1q23.3 rs1801274 4.1 x 10-4

HLA-DR2 109; 110 6p21.32 DRB1*1501 0.092 

HLA-DR3 109; 110 6p21.32 DRB1*0301 9.5 x 10-25

IRAK1 111 Xq28 rs2075596 1.1 x 10-5

IRF5 112; 113 7q32.1 rs2004640 1.4 x 10-19

ITGAM 107; 114 16p11.2 rs1143679, rs11574637 2.3 x 10-11

KIAA1542 105  11p15.5 rs4963128 3.1 x 10-3

PTPN22 105 1p13.2 rs2476601 8.9 x 10-6

PTTG1 105 5q33.3 rs2431697 3.3 x 10-6

PXK 105 3p14.3 rs6445975 0.01 

STAT4 105; 115  2q32.2 rs7574865 2.5 x 10-14

TNFAIP3 106; 116  6q23.3 rs5029937, rs2230926 1.0 x 10-4

TNFSF4 117 1q25.1 rs12039904 8.7 x 10-6

UBE2L3 105 22q11.21 rs5754217 6.4 x 10-3

a P values calculated in a meta analysis on 1310 SLE cases and 7859 controls.108 
 
The most significant associations were with risk alleles of HLA-DR3, IRF5, and 
STAT4, with odds ratios of 1.76, 1.68, and 1.48, respectively.108 Other risk 
variants, which failed to fulfil the stringent criteria of the meta-analysis, were 
found in the genes: NMNAT2 (1q25.3, rs2022013), ICA1 (7p21.3, rs10156091), 
LYN (8q12.1, rs7829816), SCUBE1 (22q13.2, rs2071725), ITPR3 (6p31.31, 
rs3748079), CRP (1q23.2, rs3093061), SELP (1q24.2, rs3917815), PDCD1 
(2q37.3, rs11568821), and TYK2 (19p13.2, rs2304256).108 
 
 
7.2 Genetic associations with RA 
 
Over the years a large number of candidate genes have been suggested to be 
associated with RA but only a few have been replicated and generally accepted 
as true associations. In auto-antibody positive RA, i.e., presence of ACPAs or 
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RF, five risk loci have been identified and validated.118-122 The five regions 
include alleles of the MHC region 118, the PTPN22 gene 119, the 6p23 locus near 
the TNFAIP3 gene 120; 121, the STAT4 locus 115 and the TRAF1-C5 loci 122. 
However, there are some other regions suggested to be associated with RA 
including: PADI4 123, alleles at 4q27 124 and CTLA4 125. 
 
For RA, there are two large-scale GWAS published. 122; 126 The first GWAS was 
from the Wellcome Trust Case Control Consortium (WTCCC) in which 14,000 
cases of seven common diseases and 3,000 controls were analysed for 500,000 
SNPs. Of the 14,000 cases, 1,860 were patients with RA.126 The genes found 
most significantly associated with RA were HLA-DRB1 and PTPN22. There 
were also signals from SNPs suggesting a more moderate association with RA 
and genes implicated were IL2RA, IL2RB, TNFAIP2, GZMB, PRKCQ and 
KAZALD1.126 The second GWAS was performed as a collaboration between the 
North American Rheumatoid Arthritis Consortium (NARAC) and the Swedish 
Epidemiological Investigation of Rheumatoid Arthritis (EIRA).122 That GWAS 
comprised 1,522 cases with RA and 1,850 matched control cases with 550,000 
SNPs analysed in the NARAC material and 317,000 SNPs in the EIRA 
material. All of the patients were ACPA positive. It has been shown that ACPA 
positive patients have a strong association with the MHC region, whereas 
ACPA negative patients do not.127 The main associations with RA were found 
with SNPs within or near the genes HLA-DRB1, PTPN22 and TRAF1-C5. There 
were also regions with intermediate levels of significance containing the 
candidate genes CD40, BDKR1, CCL1, CCL8 and CCL13.122  A meta-analysis 
was performed combining the two published GWAS.128 Altogether, the meta-
analysis comprised 3,393 cases with RA and 12,462 controls from the 
previously published GWAS.122; 126 Further, SNPs not previously associated 
with RA were replicated in another material consisting of 3,929 auto-antibody-
positive RA cases and 5,807 controls.128 Table 4 lists the risk loci, which were 
regarded as confirmed associations with RA susceptibility.  
 
The most significant associations were seen with risk alleles of HLA-DRB1*04, 
PTPN22, and TNFAIP3, with odds ratios of 2.55, 1.79, and 1.24, 
respectively.128 The PADI4 locus could not be verified as a risk locus for RA 
susceptibility in the meta-analysis on individuals of Caucasian ancestry.128 
 
The second GWAS was recently expanded with an additional 1,550 patients 
with RA and 3,310 controls and restricted to North American subjects.129 This 
study identified two novel SNPs in the REL locus to be highly associated with 
RA.129 In a meta-analysis, comprising the North American material and a case-
control material from the UK, the association between the REL locus and RA 
was strengthened with a P value of 1.7 x 10-17.130 
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Table 4. Confirmed genes and risk alleles associated with RA susceptibility. 
 

Locus Chromosome SNP/Allele P valuea

CCL21 128 9p13 rs3890745b 2.8 x 10-07

CD40 128  20q13 rs4810485 b 8.2 x 10-09

CDK6 128 7q21 rs42041 b 4.0 x 10-06

CTLA4 125 2q33 rs3087243 0.00060 

HLA-DRB1 118 6p21 HLA-DRB1*04 3.6 x 10-186

IL2, IL21 124 4q27 rs6822844 0.011 

KIF5A-PIP4K2C 128 12q13 rs1678542 b 8.8 x 10-08

PRKCQ 128  10p15 rs4750316 b 4.4 x 10-06

PTPN22 119 1p13 rs2476601 5.7 x 10-42

STAT4 115 2q32 rs7574865 0.00055 

TNFAIP3 120; 121 6q23 rs6920220, 
rs10499194 1.5 x 10-09

TNFRSF14 128 1p36 rs3890745 b 1.1 x 10-07

TRAF1-C5 122 9q33 rs3761847 0.0023 
                    a P values from meta analysis or joint analysis with replication material for b.128  
                   b Newly identified SNPs associated with RA susceptibility.128 
 
8. Background on immunological aspects 
 
The role of the immune system is to eliminate foreign antigens, e.g., viruses, 
bacteria or parasites by mediating an immune response. It is important for the 
immune system to discriminate between self and non-self. If the immune system 
fails to recognize the body’s own tissue as self, i.e., loss of self-tolerance, the 
result will be autoimmunity. 
 
The immune system is present as two forms, the innate and the adaptive 
immune system. The innate immune system is the first line of defence and is 
non-specific, reacting in a similar manner to different pathogens. The innate 
immune system is a barrier between the external and the internal milieu. Skin, 
mucous membranes, tears, and saliva are all examples of components of the 
innate immune systems. The enzyme, lysozyme is an anti-bacterial substance 
secreted in tears and in saliva, and the acidic pH makes the stomach an 
inhospitable milieu for bacteria. If the barrier is broken, macrophages and 
granulocytes recognize and ingest the pathogens. When activated, macrophages 
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induce an inflammatory response, through cytokines, and attract neutrophils to 
the infected area. If the innate immune system fails to eradicate the infection 
there will be an activation of the adaptive immune system. The adaptive 
immune system takes some time to adapt to the infection and does so through a 
selective recognition of the specific pathogen. One of the main advantages of 
the adaptive immune system is an ability to “remember” infections and to react 
more rapidly when a pathogen is encountered a second time. The key 
components of the adaptive immune system are the T- and B-lymphocytes. T-
lymphocytes (T-cells) express an antigen recognizing receptor on their surface 
called the T-cell receptor (TCR). T-cells are developed in the bone marrow but 
mature in the thymus as progenitor T-cells known as thymocytes. In the thymus, 
and during the maturation, thymocytes go through different “check-points”. One 
is positive selection, in which thymocytes bind self peptides presented by major 
histocompatibility molecules (MHC) through the TCR.131 Only thymocytes 
whose receptors can interact with MHC:self peptide complexes can survive and 
mature. Thymocytes that do not bind the MHC:self peptide complexes undergo 
apoptosis, whilst thymocytes that bind with low or moderate affinity/avidity 
will mature into T-cells, and thymocytes that bind with high affinity/avidity will 
be deleted in a process called negative selection.45 Thymocytes that fulfil the 
positive selection requirements enter the periphery as mature naïve T-cells.  
 
There are a number of different T-cell types, mainly: T-helper cells (TH, CD4+), 
cytotoxic T-cells (CD8+), memory T-cells, and regulatory T-cells (Treg). T-
helper cells, also known as effector T-cells, can be differentiated into three sub-
types: TH1, TH2, or TH17 cells. Antigen presenting cells present foreign peptides 
to the T-cells via interactions between MHC:peptide complex and TCR. There 
are also a number of co-stimulatory molecules involved in the activation of T 
cells including positive signals from CD28-B71/2 and negative signals from 
CTLA4, ICOS, and PD-1. When activated, TH1 cells produce the cytokines 
interleukin-2 (IL-2), tumour necrosis factor (TNF), and interferon-γ (IFN-γ) and 
activate macrophages, stimulate B-cells to produce opsonizing antibodies, and 
inhibit a TH2 response. TH2 cells produce interleukin-4 (IL-4) and transforming 
growth factor-β (TGF-β), which activates B-cells to produce neutralizing 
antibodies and inhibit a TH1 response.45 TH17 cells are a relatively newly 
discovered subset of T-helper cells producing interleukin 17 (IL-17).  
 
B-lymphocytes (B-cells) express antigen recognizing receptors on their surface, 
known as the B-cell receptor (BCR), or in a soluble form, known as antibodies 
(immunoglobulins (Igs)). B-cells mature in the bone marrow where they 
undergo negative selection and auto-reactive B-cells are deleted. Positively 
selected B-cells migrate to the lymph nodes and the spleen to become activated. 
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Upon activation by an antigen they differentiate into memory B-cells and 
plasma cells that secrete antibodies capable of binding to pathogens. 
 
However, some of the auto-reactive T- and B-cells migrate to the periphery. 
There is a negative selection in the periphery but the mechanisms of peripheral 
tolerance are more complex. There is an immunological ignorance of self-
antigens whereby T- and B-cells coexist with antigen without being affected by 
it. Additionally there is a state, referred to as “anergy”, when antigen 
recognition in the absence of co-stimulation inactivates naïve T-cells. Anergic 
T-cells have an inability to produce IL-2, which is necessary for the 
proliferation and differentiation of T-cells. Alternatively self-reactive T-cells 
can undergo activation induced cell death or be suppressed by Treg cells.45 
 
RA has been considered to be a TH1-cell-mediated disorder, leading to their 
differentiation into memory T-cells and the activation of macrophages. Studies 
have shown that TH1-associated cytokines, i.e., interferon-γ (IFN-γ), tumour 
necrosis factor (TNF), interleukin-1 (IL-1) and -6 (IL-6) play an important role 
in the pro-inflammatory response.132 Therapeutically, a majority of RA-patients 
respond well upon treatment with different TNF-α inhibitors. However, more 
recently, TH17 cells have been proposed to be crucial effectors in RA.133 
Conversely patients with SLE have a pronounced B-cell hyperactivity leading 
SLE to be considered a TH2-cell-mediated disorder.134 
 
9. Candidate genes involved in immune functions 
 
For this study, candidate genes were chosen based on their involvement in 
immune functions. SNPs of the oestrogen receptor-α gene (ESR1), the 
programmed cell-death 1 gene (PDCD1), and the protein tyrosine phosphatase 
non-receptor type 22 gene (PTPN22) were analysed for a relationship with SLE 
and RA.  
 
Oestrogens are mainly produced in ovary and testis but are also produced 
through aromatisation of androgens in peripheral tissues and in adrenal glands. 
The effects of oestrogens are mediated through oestrogen receptors, which are 
ligand activated transcription factors with the same characteristics and 
functional properties as nuclear receptors.135 Oestrogens are known to stimulate 
B-cell growth, antibody production, and cytokine release, all of which could 
contribute to an increased risk of susceptibility to develop SLE.136-138 However, 
experiments in vivo in mice have shown a dual role for oestrogen in the immune 
response: suppression of inflammation and stimulation of antibody production. 
Oestrogen  has been shown to mediate a down-regulation of granulocyte 
induced inflammation, T-lymphocyte dependent delayed-type hypersensitivity, 
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and natural killer cell activity, and an up-regulation of antigen-specific antibody 
responses and polyclonal Ig production.139  
 
There are two kinds of oestrogen receptors: oestrogen receptor-α (ORα) and 
oestrogen receptor-β (ORβ). ORα is present in various tissues including those of 
the female and male reproductive tract, the female mammary gland, bone, the 
cardiovascular system and regions of the brain. 140 Analysis of peripheral blood 
mononuclear cells from patients with SLE has shown increased levels of ORα 
mRNA expression compared with healthy controls.141 Deficiency of ORα in 
lupus prone strains of mice significantly prolonged survival, reduced 
proteinuria, and reduced the renal pathology score, compared with wild-type 
mice.142 These positive effects associated with deficiency in ORα were only 
seen in female mice but did not affect the titres of anti-dsDNA levels in the 
lupus prone mice. A deficiency in the ORβ had no effect on disease in either the 
wild-type or lupus prone strain or sex.142  
 
Polymorphisms of the ESR1 gene have been widely studied and associations 
have been made with a number of complex traits such as myocardial 
infarction,143 cognitive impairment,144 breast cancer,145 Alzheimer’s disease,146 
osteoporosis,147 rheumatoid arthritis,148 and lupus nephritis.149 The two main 
polymorphisms studied in those association studies were PvuII (rs2234693) and 
XbaI (rs9340799), both located within the first intron of the ESR1 gene.  
 
The programmed cell death 1 gene (PDCD1) is one of the most widely 
recognized candidate genes for SLE. An intronic risk allele, the PD1.3A allele, 
has been associated with SLE susceptibility in different populations.150-152 In a 
recent meta-analysis, the PD1.3A allele was confirmed to be associated with 
SLE among individuals of non-Spanish European descent.153 PDCD1 encodes 
for the programmed death 1 (PD-1) receptor, which is a member of the 
CD28/CTLA4 family of T-cell regulators 154 expressed on the cell surface of 
activated T- and B-cells.155 PD-1 interacts with its two ligands, PD-L1 and PD-
L2, which are expressed on various tissues of the immune system.156 Signalling 
through PD-1 produces a negative response in T-cell function leading to a 
suppression of IFN-γ production, proliferation of T-cells, and increased T-cell 
apoptosis.157; 158 PD-1 has been found, using immuno-histochemical techniques, 
within the glomeruli and renal tubules of renal biopsies from patients with lupus 
nephritis but not those from control patients.159 One of the ligands, PD-L1, has 
been found on renal tubules of renal samples from either patients with lupus 
nephritis or controls.159  The pdcd1 gene has been knocked out in mice giving 
rise to a phenotype resembling SLE with arthritis and glomerulonephritis.160 
Lupus nephritis is a common and severe manifestation of human SLE and the 
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PD1.3 polymorphism has been shown to be associated with lupus nephritis in 
female patients with SLE.161 
 
The gene protein tyrosine phosphatase non-receptor type 22 (PTPN22) encodes 
for the lymphoid protein tyrosine phosphatase (Lyp), which has shown to be 
involved in the control of T-cell activation through studies of an animal model 
and human cell lines.119; 162 A missense SNP in position 1858 (rs2476601), also 
known as R620W, was first found to be associated with type I diabetes163. 
Currently it is the strongest candidate gene outside the HLA region for 
autoimmunity and has been associated with a number of autoimmune diseases 
including systemic lupus erythematosus164; 165, Graves’ disease166-168, Hashimoto 
thyroiditis169, generalized vitiligo170, myasthenia gravis171, systemic sclerosis172, 
Addison’s disease173, alopecia areata174, juvenile idiopathic arthritis175, and 
rheumatoid arthritis.119; 169; 175-179 The strongest associations with RA, generally 
accepted today, had been found in patients with sero-positive diseases.180 In 
autoimmune diseases with little or no auto-antibody production, e.g., multiple 
sclerosis (MS)181; 182 and Crohn’s disease (CD)183, no associations have been 
found with PTPN22. The Lyp protein is expressed in different cell types, i.e., T-
cells, B-cells, monocytes, neutrophils, dendritic cells and natural killer cells.119 
The PTPN22 1858T allele changes codon 620 from an arginine residue to a 
tryptophan. This amino acid substitution disrupts the binding of Lyp to an 
intracellular kinase, Csk, which can no longer inactivate the Src family of 
kinases, Lck and Fyn, involved in T-cell activation.184-186 The result of this 
missense mutation is a possible loss of negative regulation of T-cell 
signalling.119; 163 One functional study on the role of the 1858 T allele in T-cell 
activation has been performed in type I diabetes showing that the risk allele 
made Lyp a more potent negative regulator of T-cell activation.187 Studies have 
also shown that homozygosity for the risk allele results in a deficient of T-cell 
responsiveness upon antigen stimulation whereas heterozygosity results in 
reduced responsiveness of CD4+ memory cells with diminished calcium 
mobilization, CD25 expression and IL-10 production upon TCR stimulation.188 
However, the functional implications of positivity for the 1858T allele is not 
restricted to the T-cell compartment. B-cell signalling is impaired in individuals 
carrying the risk variant, characterized by deficits in proliferation and a 
decreased phosphorylation of important signalling proteins.189 
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AIMS OF THE STUDY 
 
In this study I investigated whether certain polymorphisms in candidate genes, 
involved in immune functions, were associated with susceptibility for and/or 
severity of autoimmune rheumatic diseases, e.g., SLE and RA. 
 
The aims were: 
 

- to analyse polymorphisms in the oestrogen receptor α (ESR1) gene, 
implicated in the hormonal regulation of immune cells, for 
susceptibility and severity of SLE; 

 
- to analyse polymorphisms in the programmed cell-death 1 (PDCD1) 

gene and the protein tyrosine non-receptor type 22 (PTPN22) gene, 
involved in the negative regulation of T-cells, separately and in 
combination, for SLE susceptibility and severity; 

 
- to evaluate the susceptibility of RA of the PTPN22 1858C/T 

polymorphism, in relation to auto-antibodies, before onset of symptoms 
and after disease onset; and also 

 
- to evaluate other polymorphisms within the PTPN22 gene (-1123G/C 

and rs3811021) for RA susceptibility; and 
 

- to analyse the functional implication of the PTPN22 1858C/T 
polymorphism in RA and SLE patients   
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STUDY POPULATIONS AND METHODOLOGY 
 
10. Study populations 
 
Three patient materials were included: the SLE case-control material, the case-
control material of individuals before onset of any symptoms of RA, and the 
early RA case-control material. The Ethics Committee at the University 
Hospital, Umeå, approved these studies and written informed consent was 
obtained from all patients. 
 
The SLE case-control material (Papers I-III) 
 
The material comprised 279 patients, consecutively included, during the year 
2000, from the four northernmost counties of Sweden. All patients fulfilled the 
ACR criteria for SLE 52; 53 [mean number ± standard deviation (SD) of 5.6 ± 
1.4]. Demographic data is presented in Table 5. Five rheumatologists were 
involved in the assessment of the patients to determine their diagnosis, disease 
activity using the SLEDAI 55 [mean score ± SD of 3.4 ± 4.4], and organ damage 
according to the SLICC/ACR damage Index 56 [mean score ± SD of 2.4 ± 2.5]. 
Included in the SLEDAI are descriptors with: a score of 8 (seizures, psychosis, 
organic brain syndrome, visual disturbance, cranial nerve disorder, lupus 
headache, cerebrovascular accident, and vasculitis); with a SLEDAI score of 4 
(arthritis, myositis, urinary casts, haematuria, proteinuria, and pyuria); with a 
SLEDAI score of 2 (new rash, alopecia, mucosal ulcers, pleurisy, pericarditis, 
low complement, and increased DNA binding); and with a SLEDAI score of 1 
(fever, thrombocytopenia, and leukopenia).55 The SLICC/ACR damage index is 
scored based on damage of the following organ systems: ocular, 
neuropsychiatric, renal, pulmonary, cardiovascular, peripheral vascular, 
gastrointestinal, musculoskeletal, and skin.56 Of the 279 patients diagnosed with 
SLE, 260 agreed to participate in the studies and donated blood for DNA 
extraction. The controls (n=670) were population-based and geographically 
matched with the patients.  
 
In paper III, the SLE patients and controls from northern Sweden were co-
analysed with SLE patients and controls from mid- and southern Sweden 
resulting in materials of 571 unrelated patients diagnosed with SLE and 1042 
controls. The case-control materials from mid-Sweden (Stockholm-region) and 
southern Sweden (Lund) were matched with controls from the same 
geographical area. 
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Table 5. Demographic data for the different case-control materials 
 

 Paper I – III*  
(SLE) 

Paper IV  
(pre-RA) 

Paper V 
(early-RA) 

 Patients Controls Pre-Pat. Controls Patients Controls 

Individuals, n 260 670 92 368 769 1054 

% Women 84.6 73.1 75.0 75.0 67.7 73.7 
Age at inclusion, 
mean ± SD, yrs - 61.1±12.1 52.7±9.0 52.6±9.0 - 57.3±11.6 

Age at onset, 
mean ± SD, yrs 39.0±15.7 - - - 55.4±14.0 - 

Disease duration, 
mean±SD 12.4±9.7 1 - - - 6.8±4.1 2 - 

* Data on patients from mid- and southern Sweden from paper III is not included 
1 – years, 2 - months  
 
Individuals before onset of any symptoms of RA and controls (Paper IV) 
 
Among the RA patients with early diagnosed disease at the Department of 
Rheumatology, University Hospital, Umeå, 92 individuals who had donated 
blood samples before any symptoms of joint disease were identified and 
matched with 368 controls (Figure 9). 
 

Figure 9. Illustration of the sampling of pre-patients and controls 
 

 
 

For every case (i.e., pre-patient) four controls were randomly selected from 
within the registers of the Medical Biobank of Umeå, and matched for sex, age 
at the time of blood sampling, and for rural or urban residence. The median 
sampling time before onset of symptoms of joint disease was 2.4 years [inter 
quartile range (IQR) 1.2-4.9 years]. On average, the diagnosis of RA was 
established 7.8 (IQR 5-10) months after the first symptoms of joint disease. The 
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mean age at the onset of disease was 56.0 years, range 37–68 years. 
Demographic data is presented in Table 5. 
 
The early RA case-control material (Paper V) 
 
The early RA case-control material comprised patients with early diagnosed 
RA, i.e., with a disease duration <12 months, fulfilling the ACR criteria for 
RA.60 The patients were consecutively included from the four northern-most 
counties in Sweden. The population-based controls were geographically 
matched with the patients and derived from the Medical Biobank of the 
Northern Sweden. The demographic data is presented in Table 5. 
 
11. Genotyping and serological analyses 
 
DNA from the patients and controls was purified from ethylenediamine 
tetraacetic acid-treated blood using a standard salting-out method.190 The 6 
polymorphisms genotyped for these projects were PvuII T/C (rs2234693), XbaI 
A/G (rs9340799), PD-1.3 G/A (rs11568821), rs3811021, PTPN22 1858C/T 
(rs2476601), and PTPN22 -1123G/C (rs2488457). A mixture of the TaqMan 
assay and TaqMan Genotyping Master Mix (Applied Biosystems, Foster City, 
CA, USA) were added to 96-well microtitre plates containing 10 ng of air-dried 
genomic DNA. PCR reactions were performed according to the manufacturer’s 
instructions. The genotypes of the patients and controls were determined using 
an ABI PRISM 7900HT Sequence Detector System and the SDS 2.1 software 
(Applied Biosystems). 
 
In paper IV and V, HLA-DRB1 genotyping was performed using PCR sequence-
specific primers from DR low-resolution kit and DRB1*04 subtyping kit 
(Olerup SSP AB, Saltsjöbaden, Sweden) with a method previously described.191 
The shared epitope (HLA-SE) alleles were defined as DRB1*0401 and 
DRB1*0404. ACPAs were analysed using the Diastat kit (anti-CCP2) from 
Axis-Shield Diagnostics (Dundee, UK) (cut-off value = 5 units/ml). In paper 
IV, RFs of IgM, IgG and IgA isotypes were determined using in-house enzyme-
linked immunoassays as previously described.83 In paper V, IgM isotype 
rheumatoid factor (IgM-RF) was determined using the agglutination test 
(Waaler-Rose). Number of individuals analysed and positive for HLA-SE, 
ACPAs, and RFs are shown in Table 6. 
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Table 6. Frequencies of HLA-SE, ACPA, and RFs in paper IV and V. Presented as number of 
individuals positive/analysed and percentage positive within parentheses. 

 
Paper IV Paper V 

 
pre-patients controls patients 

HLA-SE 50/90 (55.6) 66/173 (38.2) 423/735 (57.6) 

ACPA 33/89 (37.1) 5/353 (1.4) 519/759 (68.4) 

IgA-RF 25/59 (42.4) 12/236 (5.1) - 

IgG-RF 10/59 (16.9) 10/236 (4.2) - 

IgM-RF 13/59 (22.0) 14/236 (5.9) 568/760 (74.7) 

 
 
12. Functional study (paper V) 
 
For the functional study, individuals were sampled on the basis of carrying or 
not carrying the PTPN22 1858 T risk allele. Blood samples were collected from 
12 patients with RA, 12 SLE patients and 12 healthy controls. The patients were 
age and gender matched with the controls and within the patient groups the six 
PTPN22 1858 CC individuals were gender and age matched with the six 
PTPN22 1858 CT individuals. The blood samples were collected into 
Vacutainer cell preparation tubes (BD biosciences) and monocytes separated by 
centrifugation. T-lymphocytes were purified by immunodepletion of non-T-
cells using Pan T-cell isolation kit II human (Miltenyi Biotec). Cells were 
stimulated with 10 ng/ml phorbol 12-myristate, 13-acetate (PMA) plus 1 µM 
ionomycine; beads coated with monoclonal antibodies to CD3ε and CD28 
(Dynal Inc.); or with complete medium alone (RPMI 1640 + Glutamax and 10% 
heat inactivated FCS, 7.5% sodium bicarbonate, Penicillin / Streptavidin (10000 
u/ml / 10000 mg/ml), 100 mM sodium pyruvate and monothioglycerol). The 
cells were activated at a concentration of 106 cells/ml for 20h at 37oC (5% CO2). 
After activation, IL-2 concentration was measured in culture supernatants using 
Human IL-2 ELISA MAX Set Deluxe (BioLegend).  
 
13. Statistics 
 
Calculations were performed using the SPSS package (SPSS for Windows 12.0: 
SPSS Inc. Chicago, IL, USA) and the EPI Info software version 5 (EPI Info, 
Center of Disease Control, Atlanta, GA, USA). Chi-square test (χ2) was used for 
testing categorical data between groups or by Fisher’s exact test when 
appropriate. Continuous data were analyzed with the student’s t-test for 

 - 39 -



independent samples or with a non-parametric test (Mann-Whitney U test) when 
appropriate. All P values refer to two-sided test and P values ≤ 0.05 were 
considered statistically significant. The Bonferroni correction was used when 
correcting for multiple testing. Odds ratios with 95% CI intervals were 
calculated using binary logistic regression or cross tabulation with risk estimate 
in the SPSS software, or by cross tabulation using the EPI Info software.  
 
The binary logistic regression models in paper I and II were adjusted for sex, 
with males as reference, and for age at disease onset. 
 
Sensitivity, specificity and likelihood values were calculated for paper IV. 
Conditional logistic regression models were used to estimate the predictive 
values of developing RA for the antibodies analysed, the PTPN22 1858T 
variant, and HLA-SE gene carriage. 
  
For paper V, haplotypes were constructed using an accelerated EM algorithm 
similar to the partition/ligation method described in Qin et al 192 within the 
HaploView 4.0 software.193 The algorithm estimates highly accurate population 
frequencies of the phased haplotypes based on the maximum likelihood from 
the unphased data input. The D’- and r2-values were derived using the 
Haploview 4.0 software.193 
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RESULTS AND DISCUSSION 
 
14. Paper I:  Oestrogen receptor α gene polymorphisms in systemic lupus  
erythematosus. 
 
Associations between the variables shown in Figure 10 and the two 
polymorphisms PvuII T/C and XbaI A/G within the ESR1 were investigated. 
Genotyping of the polymorphisms, in patients with SLE and in controls, 
revealed no significant association with SLE per se (Figure 10). The hypothesis 
was that clinical manifestations that differed in frequency between women and 
men could be oestrogen dependent (Table 7). The disease variables that differed 
between the sexes were: malar rash, photosensitivity, arthritis, renal disorder, 
diabetes, vascular disease, proteinuria and central nervous system (CNS), which 
were analysed in relation to the polymorphisms. Multiple binary logistic 
regression models, adjusted for sex and age of disease onset, were used to 
elucidate the relationship between the sex specific disease manifestations and 
the SNPs within the oestrogen receptor α gene. 

 
Figure 10. Genotype frequencies of patients and controls 

 

 
 

The minor alleles of the polymorphisms, PvuII C and XbaI G, were found to be 
significantly associated with malar rash and photosensitivity whereas 
homozygosity for the major alleles, PvuII T and XbaI A, were associated with 
serositis, cognitive impairment and angina or coronary artery bypass (Tables 8 
and 9). 
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Table 7. Baseline characteristics of 220 female and 40 male patients diagnosed with SLE. Of the 
SLICC and SLEDAI groups, only variables significantly different between the sexes or 
previously associated with the SNPs are shown. 
 

Variable     Total Women Men 
      n=260 (%) n=220 (%) n=40 (%) 
Age, years, mean ± SD  51.4 ± 15.2 51.2 ± 14,4 52.5 ± 18.9 
Age of onset, years, mean ± SD 39.0 ± 15.7 38.4 ± 15.0 42.4 ± 19.1 
ACR criteria     
1. Malar rash  149 (57.5) 132 (60.3)* 17 (42.5) 
2. Discoid rash  75 (28.8) 63 (28.6) 12 (30.0) 
3. Photosensitivity  172 (66.2) 152 (69.1)* 20 (50.0) 
4. Oral ulcers  48 (18.7) 41 (18.9) 7 (17.5) 
5. Arthritis   195 (75.3) 171 (78.1)* 24 (60.0) 
6. Serositis   107 (41.3) 86 (39.3) 21 (52.5) 
7. Renal disorder  85 (32.8) 64 (29.2) 21 (52.5)** 
8. Neurological disorder  36 (14.0) 32 (14.7) 4 (10.0) 
9. Hematological disorder  138 (53.1) 117 (53.2) 21 (52.5) 
10. Immunological disorder  188 (72.3) 155 (70.5) 33 (82.5) 
11. Antinuclear antibody  254 (97.7) 216 (98) 38 (95) 
Number of ACR criteria, mean ± SD 5.5 ± 1.4 5.6 ± 1.3 5.4 ± 1.5 
SLICC/ACR, mean ± SD   2.4 ± 2.5 2.3 ± 2.4 2.9 ± 2.9 
Cognitive impairment 33 (12.8) 28 (12.8) 5 (12.5) 
Angina or coronary artery bypass 27 (10.4) 20 (9.1) 7 (17.5) 
Peripheral vascular involvement 37 (14.4) 27 (12.3) 10 (25.0)* 
Diabetes 13 (5.0) 8 (3.6) 5 (12.5)* 
SLEDAI, mean ± SD 3.4 ± 4.4 3.2 ± 4.1 4.5 ± 5.5 
Haematuria   26 (10.0) 19 (8.7) 7 (17.5) 
Proteinuria  25 (9.7) 17 (7.8) 8 (20.0)* 
CNS involvement  9 (3.5) 5 (2) 4 (10)*† 

     * p<0.05, ** p<0.01, † - Fisher´s exact test 
 
 
Table 8. Binary logistic regression analysis of patients with ACR criteria 1, 3, and 6 adjusted for 
sex and age at disease onset. 
 

ACR criterion P value OR 95% CI 

Malar rash    
PvuII C carrier 0.001 2.53 1.43-4.47 
XbaI G carrier 0.027 1.82 1.07-3.09 
    
Photosensitivity    
XbaI G carrier 0.007 2.12 1.22-3.66 
    
Serositis    
XbaI G carrier 0.011 0.51 0.31-0.86 
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                 Table 9. Binary logistic regression analysis of patients with SLE assessed by 
                 SLICC/ACR damage index adjusted for sex and age at disease onset. 
 

SLICC/ACR index P value OR 95% CI 

Cognitive impairment    
PvuII TT 0.018 2.47 1.17-5.25 
XbaI AA 0.018 2.75 1.19-6.38 
    
Angina/coronary artery bypass    
XbaI AA 0.042 2.58 1.03-6.43 

 
Women with SLE had a higher frequency of skin related manifestations than 
men. Skin rashes have in some cases been related to menstrual periods, 
suggesting a hormonal influence.194 Skin manifestations, such as malar rash and 
photosensitivity, are regarded as indicative of a less severe disease. Using the 
ACR criteria, it was found that the minor allele of the XbaI SNP protected 
against serositis. The minor alleles were associated with a milder form of the 
disease. 
 
There was a significant difference in central nervous system (CNS) involvement 
from the SLEDAI score between the sexes. Oestrogen receptors are located 
throughout the brain, especially those regions involved in memory and learning, 
and it has been postulated that oestrogen replacement therapy may improve 
cognitive function in post-menopausal women.195; 196 Our results showing that 
homozygosity for the major allele is associated with an increased risk of 
cognitive impairment is consistent with a previous study of elderly women.144 
 
It has been shown that particularly women with SLE have an increased risk of 
suffering a myocardial infarction.197; 198 Oestrogen receptor α has been found in 
smooth muscle cells, endothelial cells, and myocardial cells of the coronary 
artery wall.143 A haplotype of the major alleles has been related to an increased 
risk of ischaemic heart disease in women, which supports our results of the XbaI 
AA genotype being associated with angina and/or coronary artery bypass.143     
 
When analysing continuous variables describing the disease it was found that 
patients carrying the minor allele of PvuII were significantly older when 
diagnosed with SLE and that patients carrying the minor allele of XbaI had a 
significantly lower score on the organ damage index (Table 10). 
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Table 10. Continuous variables describing the disease and the differences between patients 
carrying the minor alleles (PvuII C and XbaI G) and patients being homozygous for the major 
alleles. 
 

       Values are presented as mean (SEM) 

Type Age of onset No. of ACR 
criteria 

SLICC/ACR 
index 

SLEDAI 
score 

PvuII C allele / 
PvuII TT 

40.6 (1.2)*/  
35.7 (1.7) 

5.6 (0.1) /     
5.5 (0.1) 

2.3 (0.2) /    
2.5 (0.3) 

3.5 (0.3) /     
3.4 (0.6) 

XbaI G allele / 
XbaI AA 

40.0 (1.4) /  
38.2 (1.3) 

5.6 (0.1) /     
5.5 (0.1) 

2.0 (0.2)* /    
2.7 (0.2) 

3.2 (0.4) /     
3.6 (0.4) 

       * p<0.05, all analysed by Student’s t test 
 
The C allele of the PvuII polymorphism has previously been found associated 
with older age for disease onset, which compliments our results.199 
 
The function of the PvuII and XbaI polymorphisms are unknown. Both SNPs 
are intronic and there are reports that the PvuII C allele produces a binding site 
for the myb family of transcription factors. In presence of B-myb there was a 
four times greater expression of a downstream reporter construct compared with 
that seen for the PvuII T allele.200; 201 The PvuII C allele could upregulate the 
expression of ORα or alter the transcript, thus explaining the genotype-
phenotype correlations. The role of XbaI is unknown, except for being in high 
LD with PvuII. 
 
In summary: The two polymorphisms, PvuII and XbaI, of the ORα gene were 
not associated with SLE per se. However, the minor alleles, PvuII C and XbaI 
G, were associated with a milder form of the disease represented by skin 
manifestations, later disease onset and a lower SLICC index score. The major 
alleles, PvuII T and XbaI G, were associated with a more severe disease 
represented by serositis, cognitive impairment, angina/coronary artery bypass, 
earlier disease onset and a higher SLICC/ACR damage index score. 
 
15. Paper II:  Association of a PDCD1 polymorphism with renal 
 manifestations in systemic lupus erythematosus. 
 
Comparison of patients and controls failed to reveal an association between 
susceptibility for SLE in individuals from northern Sweden with the PD1.3A 
risk allele (Figure 11).  
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Figure 11. Genotype and allele frequencies of the PD-1.3 polymorphism in patients with SLE and 
population-based controls. Values for the A allele are the frequency, all other values are the 
observed counts (%). 
 

 
 
When stratifying for renal disorder, according to the ACR criteria, there was a 
clear association between the PD1.3A allele and renal disorder with an odds 
ratio of 2.71 (Table 11).  
 
          Table 11. Comparisons of genotype, allele and carrier frequencies between SLE patients 
          with and without renal disorder (ACR criterion 7). 
 

  Renal disorder No renal disorder P-value1 OR 95% CI 

 (n=86) n, (%) (n=174) n, (%)    
AA 2 (2.3) 0 (0.0) NA NA NA 
AG 17 (19.8) 17 (9.8) 0.040 2.28 1.10-4.72 
GG 67 (77.9) 157 (90.2) 0.004 0.38 0.19-0.78 
      
A carrier 19 (22.1) 17 (9.8) 0.012 2.62 1.28-5.35 
G carrier 84 (97.7) 174 (100.0) 0.206 3.07 2.58-3.66 
      
A allele 0.122 0.049 0.005 2.71 1.32-5.55 

              1 The P-values are calculated using Yates correction. NA = not applicable 
 
The role of the PD1.3 risk allele was further elucidated and multiple binary 
regression models, adjusted for sex and age at disease onset, were constructed in 
which the risk allele was related to signs of renal disorder from the ACR 
criteria, SLICC/ACR damage index, and SLEDAI score. In all models the 
PD1.3A allele was significantly associated with renal disorder (Figure 12). 
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Figure 12. Regression analyses of patients with renal disorder. The PD-1.3A allele was used as 
independent variable and all models were adjusted for sex and age of disease onset. SLEDAI (1) 
= Proteinuria, haematuria, pyuria and casts were combined into one dependent variable, SLEDAI 
(2) = Proteinuria alone as the dependent variable. Results are presented as odds ratios and the PD-
1.3A allele was significantly associated with all measures of renal disorder. 
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The PD1.3A polymorphism is intronic but has a functional relevance since it 
theoretically disrupts a transcription site for the RUNX-1 transcription factor.151 
Disruption of RUNX-1 binding sites in different genes has been proposed as a 
plausible explanation as to why certain polymorphisms have been associated 
with the autoimmune diseases SLE, RA and with psoriasis.152; 202 The risk allele 
has been shown to result in decreased transcriptional activity of PDCD1 in a 
transfected human T-cell line.159 Patients homozygous for the PD1.3A allele 
have been shown to have reduced PD-1 expression on activated CD4+ T-
cells.159 However, there are studies disputing the functional relevance of the 
PD1.3A allele. Analysis of the PDCD1 gene expression in population-based B-
cell lines failed to reveal statistical evidence for an altered transcription between 
having or nor having the PD1.3 risk allele (unpublished results). Thus, the 
function of the risk allele in B-cells could not be confirmed. In one study, 
disruption of the RUNX-1 binding site was confirmed through electric mobility 
shift assays. However, the loss of binding was not due to the risk allele but 
because of flanking nucleotides that negatively affected RUNX-1 binding.203 
Taken together, the functional results are ambiguous and the PD1.3 
polymorphism may not be the causative SNP, it may possibly be in LD with 
another, yet unknown, disease causing SNP. Further characterization of the 
functionality is needed in order to confirm the role of the risk allele in terms of 
susceptibility for and severity of SLE.  
 
In summary: The PD1.3A allele was not associated with SLE per se, it was, 
however, highly associated with a renal disorder, which is an established severe 
manifestation in patients with SLE.  
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16. Paper III: The R620W C/T polymorphism of the gene PTPN22 is 
associated with SLE independently of the association of PDCD1. 
 
In a collaborative study spanning Sweden, association of a polymorphism, 
PTPN22 1858C/T, or R620W, within the PTPN22 gene with SLE susceptibility 
was identified (Table 12). The strongest association with SLE came from the 
northern Swedish material. The risk allele of the 1858C/T polymorphism has 
been shown to have a higher frequency in northern European countries 
compared with southern European countries.204 
 

Table 12. Allelic associations of Swedish SLE cases and controls 
 

Allele Patients Controls OR 95% CI P-value 
Mid-Sweden      
C 335 (83.3) 492 (88.5)    
T 67 (16.7) 64 (11.5) 1.54 1.06-2.22 0.022 
South Sweden      
C 197 (84.9) 324 (86.2)    
T 35 (15.1) 52 (13.8) 1.11 0.69-1.76 0.667 
North Sweden      
C 421 (82.9) 1012 (87.8)    
T 87 (17.1) 140 (12.2) 1.49 1.11-1.99 0.007 
Combined      
C 953 (83.5) 1828 (87.7)    
T 189 (16.5) 256 (12.3) 1.42 1.15-1.73 0.0007 

 
              Table 13. Comparison of the frequencies of the PTPN22 1858C/T polymorphism in  
              SLE patients having or not having renal disorder. 
 

Genotype Renal  
disorder 

No renal  
disorder OR 95% CI P-value 

South and mid-Sweden     

CT+TT 25 (38.5) 38 (24.5) 1.92 1.03-3.57 0.037 
CC 40 (61.5) 117 (75.5)    

North Sweden      

CT+TT 31 (38.3) 40 (24.2) 1.94 1.09-3.43 0.022 
CC 50 (61.7) 125 (75.8)    

Combined      

CT+TT 56 (38.4) 78 (24.4) 1.93 1.26-2.93 0.002 
CC 90 (61.6) 242 (75.6)    
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There was a north to south gradient in allele frequency in Sweden, however, the 
number of patients from southern Sweden was quite small, which could explain 
the relatively high allele frequency of 1858T in the control group. There was an 
increased frequency of renal disorder in patients carrying the risk allele 
compared with patients homozygous for the major allele (Table 13).  
 
It was shown in paper II that the PD-1.3A allele was associated with renal 
disorder as was the case for the PTPN22 1858T allele. A combined analysis of 
the two risk alleles was performed in patients with renal disorder (n = 142) and 
compared to those without either allele and to controls. The strongest 
association was between individuals negative for both PTPN22 1858T and PD-
1.3A compared with the control group (P = 0.000008) (Table 14). This 
suggested a strong protective effect of the non-risk alleles. The test for 
independence was more significantly associated in the PTPN22 positive and 
PDCD1 negative group (P = 0.004) than in the PDCD1 positive and PTPN22 
negative group (P = 0.0710) when patients with renal disorder were compared 
with patients without renal disorder. This suggests that PTPN22 1858T confers 
a stronger risk for renal disorder than PD-1.3A and that they may be 
independently associated (Table 14). There was some degree of interaction, 
although weak, and was based on only 9 individuals (P = 0.02) (Table 14). 
 
Table 14. PTPN22 1858T and PD-1.3A are independent genetic susceptibility factors in SLE. 
PDCD1 +ve = positive for PD-1.3A; PTPN22 +ve = positive for PTPN22 1858T; PDCD1 -ve = 
negative for PD-1.3A; PTPN22 -ve = negative for PTPN22 1858T. 
 

Genotype Total OR 95% CI P-value 
PDCD1 +ve and PTPN22 +ve     
Nephritis              9 (6.3%) 142    
No-nephritis        9 (2.8%) 321 2.35 0.91-6.04 0.0696 
Controls             25 (2.7%) 918 2.42 1.10-5.29 0.0229 
PDCD1 +ve and PTPN22 -ve     
Nephritis            21 (14.8%) 142    
No-nephritis       27 (8.4%) 321 1.89 1.02-3.47 0.0379 
Controls             90 (9.8%) 918 1.60 0.95-2.66 0.0710 
PDCD1 -ve and PTPN22 +ve     
Nephritis            43 (30.3%) 142    
No-nephritis       74 (23.1%) 321 1.45 0.93-2.25 0.0988 
Controls            181 (19.7%) 918 1.77 1.19-2.62 0.0041 
PDCD1 -ve and PTPN22 -ve     
Nephritis            69 (48.6%) 142    
No-nephritis      208 (64.8%) 321 0.51 0.34-0.76 0.0010 
Controls            622 (67.8%) 918 0.45 0.31-0.64 0.000008 

 
In summary: The PTPN22 1858T allele was associated with SLE per se and 
with a renal disorder independent of the PD1.3A allele. 
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17. Paper IV: PTPN22 polymorphism and anti-cyclic citrullinated peptide 
antibodies in combination strongly predicts future onset of rheumatoid 
arthritis and has a specificity of 100% for the disease. 
 
PTPN22 could have implications in the humoral autoimmunity and the PTPN22 
1858C/T polymorphism was investigated further in individuals who had 
donated blood samples prior to any symptoms of RA. The risk allele conferred a 
significant risk of developing RA (χ2 = 15.21, p = 0.0001) (Table 15).  
 
Table 15. Frequencies of PTPN22 1858C/T genotypes and of the T allele in individuals who later 
develop RA (pre-patients) and in controls. 
 

 
Pre-patients 

(n=89)  
Controls 
(n=360)      

   n  n   χ2  P-value OR 95%CI 
CC 54 (60.7)  289 (80.3)  15.21 0.00010 0.38 0.22-0.64 
CT 33 (37.1)  68 (18.9)  13.54 0.00025 2.52 1.48-4.30 
TT † 2 (2.2)  3 (0.8)  1.30 0.2586 2.74 0.31-20.46 
CT+TT  35 (39.3)  71 (19.7)  15.21 0.00010 2.64 1.56-4.47 
T allele 37 (20.8)  74 (10.3)   14.55 0.00013 2.29 1.45-3.61 

       † Fisher’s exact test (two-sided) 
 
When calculating the odds ratios for developing RA for ACPAs (OR = 41.01), 
PTPN22 1858T (OR = 2.64) and for HLA-SE (OR = 2.03) the strongest 
predictor for RA was ACPAs. An interesting finding was that the PTPN22 
1858T allele was a stronger predictor for disease than HLA-SE in the pre-patient 
material. Combined variables were computed between the PTPN22 1858C/T 
polymorphism and the serological markers IgG-RF, IgA-RF, IgM-RF, and 
ACPAs. The combination of carrying the PTPN22 1858T allele and having 
ACPAs was clearly the strongest risk for developing disease with a relative risk 
of >132. None of the control subjects had the combination of PTPN22 1858T 
and ACPAs making it 100% specific for RA (Figure 13). 
 
In summary: A strong association was found between the 1858T allele and 
future development of RA. There was an association between the risk allele and 
ACPAs but not with RFs. The combination of PTPN22 1858T and ACPAs was 
only found among the pre-patients and was a strong predictor for the 
development of RA. 
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Figure 13. A) Conditional logistic regression analyses of combinations of PTPN22 
1858T and antibodies (IgG-RF, IgA-RF, IgM-RF and ACPAs. B) Sensitivity and 
specificity for the risk alleles, auto-antibodies and their combinations. 
 

 
 
 
18. Paper V: Evaluation of three different polymorphisms of PTPN22 in 
rheumatoid arthritis. 
 
A study of patients diagnosed early with RA showed the PTPN22 1858T allele 
to be highly associated with RA per se.205 The association was confined to 
ACPA and RF positive individuals. Patients carrying the risk allele and patients 
positive for ACPAs had an earlier disease onset. The age of disease onset was 
even earlier for patients carrying both the risk allele and having ACPAs. 
Smoking, independent of the 1858T variant and ACPAs, was also identified as a 
risk factor for RA.205  
 
To further investigate the PTPN22 gene two new SNPs were analysed based 
upon their physical location and their relevance according to the literature.206-209 
The rs3811021 polymorphism is located in the 3’ untranslated region (UTR), 
the rs2476601 (+1858C/T) polymorphism in exon 14 and the rs2488457 (-
1123G/C) polymorphism in the promoter region (5’-UTR). The patient material 
was extended from 505 patients to 669 patients and the control material from 
970 controls to 1054 controls, compared with the previous study.205 
 
There were strong associations with RA for the well-known PTPN22 1858T 
allele, the -1123C allele, but only a modest association with the rs3811021 
polymorphism (Table 16). All three SNPs were in high LD as measured by the 
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D’ values but the r2 values were substantially lower. The r2 values indicated that 
the 1858C/T and -1123G/C polymorphisms were in the same haplotype block, 
whereas the rs3811021 SNP was not (Figure 14). Permutation testing was 
performed on markers and haplotypes simultaneously. After the permutation 
test both the 1858T and -1123C alleles remained significantly associated with 
RA, as well as a haplotype (TTC) of the two risk alleles (Table 16). The 
rs3811021 SNP failed to reach significance in the permutation test (Table 16). 
 
There was no association with the TCC haplotype, indicating that the 
association with RA was primarily owing to the risk conferred by carriage of 
the 1858T allele. The independent/dependent relationship between the 1858C/T 
SNP and other SNPs of the PTPN22 gene, also associated with RA, has been 
widely discussed.206-208 
 
Table 16. Association analyses using conventional χ2-tests and permutation tests. Permutation 
testing was performed for single markers and haplotypes simultaneously. The haplotypes are in 
the following order; rs3811021, rs2476601 and rs2488457. 
 

  RA, control frequencies P-value* Empirical P-value** 
        
rs3811021 T 0.817, 0.780 0.0197 0.0737 
+1858 T 0.176, 0.114 2.9 E-7 <1.0 E-5 
-1123 C 0.300, 0.241 4.0 E-4 0.0017 
TTC 0.175, 0.117 7.5 E-7 <1.0 E-5 
CCG 0.183, 0.215 0.0175 0.0667 
TCG 0.517, 0.548 0.0642 0.2230 
TCC 0.126, 0.121 0.6398 0.9838 

             * χ2, ** after 100,000 permutations 
 
Patients with RA were stratified according to HLA-SE, IgM-RF, and ACPA, and 
the minor allele frequencies of the SNPs compared with those of the control 
population. The 1858T allele was highly associated with HLA-SE, IgM-RF, and 
ACPA positive RA, whereas the -1123C allele was associated regardless of 
stratification (Table 17). 
 
Although the 1858C/T and -1123G/C polymorphisms were in LD, it was 
possible to identify 144 RA patients carrying the -1123C allele but not the 
1858T allele. However, it was not possible to study the independent effect of 
the 1858T allele since only 2 RA patients were singly positive for the 1858T 
allele. We found that patients singly positive for the -1123C allele had 
significantly lower frequencies HLA-SE and ACPA, compared with patients 
carrying both risk alleles (Table 18). 
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Figure 14. Linkage disequilibrium for the SNPs in RA patients and controls. D’ values in red and 
r2 values in grey.  

 
 
Table 17. Significance values of minor allele frequencies in RA patients stratified for HLA-SE, 
IgM-RF and ACPA compared with matched controls.  
 

  rs2476601 (1858T) rs2488457 (-1123C) 
  OR (CI) P-value* OR (CI) P-value* 
HLA-SE+ 1.83 (1.46-2.30) 0.0000001 1.31 (1.08-1.60) 0.005 
HLA-SE- 1.45 (1.11-1.89) 0.0042 1.40 (1.12-1.73) 0.002 
     
IgM-RF+ 1.71 (1.39-2.12) 0.0000003 1.34 (1.11-1.60) 0.001 
IgM-RF- 1.71 (1.23-2.36) 0.0007 1.35 (1.04-1.74) 0.020 
     
ACPA+ 1.83 (1.48-2.27) <0.0000001 1.38 (1.15-1.66) 0.0005 
ACPA- 1.24 (0.91-1.68) 0.153 1.27 (1.00-1.61) 0.043 

              * χ2-tests, unadjusted P-values 
 
Table 18. Stratifications according to HLA-SE, IgM-RF and ACPA positivity in RA patients 
carrying -1123C and +1858T compared with patients carrying -1123C but not +1858T. 
 

  1123C+ & 1858T+ 1123C+ & 1858T- P-value* OR (95%CI) 
  n (%)   n (%)    

HLA-SE+ 145 (62.2) 61 (44.9) 0.001 2.03 (1.29-3.19) 
HLA-SE- 88 (37.8) 75 (55.1)     
Total 233 136     
          

RF+ 184 (77.3) 96 (68.6) 0.061 1.56  (0.95-2.56) 
RF- 54 (22.7) 44 (31.4)    
Total 238 140     
          

ACPA+ 178 (75.1) 82 (57.7) 0.0004 2.21 (1.38-3.53) 
ACPA- 59 (24.9) 60 (42.3)     
Total 237 142     

   * χ2-tests, unadjusted P-values 
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Taken together, a haplotype only containing the -1123C allele was not 
associated with RA, the -1123C allele was associated with RA regardless of 
stratifications, and singly positive RA patients have a lower frequency of HLA-
SE and ACPA. On the other hand, the 1858T allele showed the highest 
association with RA, predominately with HLA-SE, IgM-RF, and ACPA positive 
RA. The -1123C allele and the 1858T allele are thus associated with different 
types of RA. The 1858T allele was associated with RF and ACPA positive RA, 
which serve as prognostic markers for a more severe and aggressive disease 
course.88-90 
 
T-lymphocytes were acquired from patients with SLE, with RA and from 
healthy individuals in order to determine the proposed functional relevance of 
the PTPN22 1858T allele. Studies in vitro have shown that the PTPN22 1858T 
allele enhances the negative TCR activation of T-lymphocytes.187 No significant 
differences between carrying and not carrying the +1858T risk allele in terms of 
T-lymphocyte activation as measured by IL-2 expression following stimulation 
by either PMA/Ionomycine, beads coated with monoclonal antibodies to CD3ε 
and CD28, or cultivation with medium alone could be demonstrated (Figure 
15).   
 
 
Figure 15. IL-2 expression measured by ELISA on T lymphocyte cell cultures from RA patients, 
SLE patients and healthy controls. The cells were cultured with medium alone, medium 
supplemented with PMA/Ionomycin (PMA/Iono) or medium supplemented with beads coated 
with anti-CD3ε/CD28 antibodies. PTPN221858C/1858C is shown in white bars and PTPN221858C/1858T 
is shown in black bars. The number of individuals in each group was 6 except in the SLE anti-
CD3ε/CD28 group containing five individuals. IL-2 was not detected when the cells were 
cultured with medium alone. Values represent mean ± standard error of the mean (SEM). 
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In summary: associations with RA were found for the PTPN22 1858T allele, the 
PTPN22 -1123C allele and a haplotype containing both these alleles. Although 
the SNPs were in strong LD, the two polymorphisms were distinguishable from 
each other and the -1123C was associated due to its coexistence with +1858T.  
The proposed function of the 1858T risk allele on T-lymphocyte activation 
could not be shown with the experimental protocol used. 
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CONCLUDING REMARKS 
 
Polymorphisms of three genes involved in immune functions were investigated. 
The first gene, ESR1, encodes oestrogen receptor α (ORα), which mediates the 
response of oestrogen through activation of gene transcription. Oestrogen is 
known to stimulate B-cell growth and antibody production and therefore has 
been implicated in autoimmunity. The second gene, PDCD1, encodes for PD-1, 
a receptor expressed on activated T- and B-cells. PD-1 functions as a suppressor 
of T-cell activation and a dysfunction of PD-1 could affect the time of exposure 
between MHC:self peptide and TCR, leading to a loss of self-tolerance. The 
third gene, PTPN22, encodes for Lyp, which is implicated in T- and B-cell 
function. Lyp acts as a negative regulator of T-cell activation and a dys-
regulation of T-cell activation could affect self-tolerance. Lyp also has effects 
on B-cell signalling and proliferation, which could explain alterations in 
antibody production and B-cell activity. 

 
Figure 16. Suggested immune functions of ORα, PD-1, and Lyp. 

 

 
 
Polymorphisms in the oestrogen receptor α gene were shown to be associated 
with SLE severity, but not susceptibility. The minor alleles of the PvuII and 
XbaI polymorphisms were associated with later disease onset and skin related 
disease manifestations, representing a milder form of SLE. However, 
homozygosity for the major alleles was found to be associated with a more 
severe SLE represented by earlier disease onset, higher frequency of organ 
damage, and more severe disease manifestations, e.g. serositis, cognitive 
impairment and angina/coronary artery bypass. 
  
A risk allele of the PDCD1 gene was associated with a severe form of SLE, 
namely lupus nephritis. Lupus nephritis is associated with the deposition of 
immune complexes in the kidneys, leading to glomerulonephritis and in the 
most severe cases, kidney failure. Furthermore a risk allele in the PTPN22 gene 
was associated with SLE susceptibility and also with lupus nephritis. The 

 - 55 -



PTPN22 risk allele not only produces a more effective suppression of T cell 
signalling but also modulates B cell signalling and proliferation. The risk allele 
may be implicated in maintaining the central tolerance of T-cells but also in the 
regulation of antibody production in the periphery. 
 
The role of the PTPN22 gene was further investigated in another autoimmune 
rheumatic disease, RA. The risk allele of PTPN22 was associated with 
susceptibility for RA and the presence of ACPAs. ACPAs, in combination with 
the risk allele, has 100% specificity for the future development of RA.  Using a 
larger material of early diagnosed patients with RA two other SNPs spanning 
the PTPN22 gene were investigated. The 1858T allele was shown to be the true 
association but it was not possible to demonstrate its function on T-cell 
activation in vitro.  
 
In conclusion, polymorphisms in three genes involved in immune functions 
were found to be associated with autoimmune rheumatic disease susceptibility 
and/or severity. Polymorphisms in ESR1 and PDCD1 were associated with SLE 
severity but not susceptibility. The risk allele of PTPN22 was associated with 
susceptibility and severity for both SLE and RA (Figure 17). 
 
Figure 17. Schematic view for the genetic associations with susceptibility for and severity of SLE 
and RA.  
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SVENSK SAMMANFATTNING  
 
Systemisk lupus erythematosus (SLE) är en autoimmun reumatologisk sjukdom som manifesterar 
sig med systemiska inflammationer. SLE karakteriseras av antikroppsproduktion mot kroppens 
egna beståndsdelar, framförallt mot cellkärnans olika delar, såsom DNA, histoner och ribosomer. 
De systemiska inflammationerna kan orsaka skador på en rad olika organ inklusive njurar, hud, 
hjärta, lungor och nervsystemet. Kronisk ledgångsreumatism, reumatoid artrit (RA), är ytterligare 
en reumatologisk sjukdom, som förknippas med antikroppar riktade mot kroppsegna 
beståndsdelar. Hos patienter med RA är dessa så kallade auto-antikroppar framförallt av två typer: 
reumatoid faktor (RF) som är riktade mot den konstanta delen (Fc) av den vanliga antikroppen 
immunoglobulin G (IgG) och ACPAs som är riktade mot peptider/proteiner som innehåller 
citrullinerade aminosyror. Inflammationen hos patienter med RA involverar framförallt lederna 
vilket resulterar i inflammerad ledvävnad och som obehandlad leder till nedbrytning av brosk och 
ben. Etiologin till SLE och RA är i stort sett okänd men gener som är involverade i 
immunfunktioner tros vara bidragande. Sjukdomarna benämns multifaktoriella, eller komplexa, 
vilket innebär att flera faktorer interagerar och bidrar till sjukdomsutveckling däribland flertalet 
gener, miljöfaktorer, infektioner och hormoner. 
     Syftet med denna avhandling var att undersöka polymorfier i olika kandidatgener, vars 
proteiner är involverade i immunförsvaret, och relatera dessa till mottaglighet och svårighetsgrad 
av SLE och RA. 
     Patienter och kontroller som ingick i de olika studierna kom från Sveriges fyra nordligaste län, 
vilket omfattar en relativt homogen befolkning väl lämpad för genetiska studier. Två 
punktmutationer (SNPar) i östrogenreceptor alfa genen (ESR1) studerades hos patienter med SLE 
och kontroller. Ingen association hittades mellan polymorfierna och mottagligheten för SLE men 
de mindre vanliga allelerna (PvuII C och XbaI G) var associerade med hudmanifestationer och 
lägre insjuknande ålder vilket representerar en mildare form av SLE. Sedan undersöktes en SNP i 
programmed cell death 1 genen (PDCD1) vilken kodar för PD-1 som är involverad i inhibering av 
T-celler. Det fanns ingen association mellan riskallelen, PD1-3A, och mottagligheten för SLE 
men en stark association till förekomst av njursjukdom vilket är en svår sjukdomsmanifestation. 
Ytterligare en gen studerades, nämligen protein tyrosine phosphatase non-receptor type 22 
(PTPN22) som kodar för proteinet Lyp som inhiberar T-cellsaktivering via T-cellsreceptorn. 
Patienter med SLE och kontroller från norra, mellersta och södra Sverige inkluderades i studien 
och riskallelen 1858T visade sig vara associerad till mottagligheten för SLE. Denna riskallel var 
även associerad till njursjukdom, oberoende av effekten som sågs för PD1.3A allelen. PTPN22 
genen har visats vara associerad med en rad autoimmuna sjukdomar så dess effekt undersöktes 
även hos patienter med RA. Från den medicinska biobanken i norra Sverige identifierades 
blodprover som donerats av patienter med RA innan de utvecklade sjukdomssymptom. Dessa 
individer, som vi valde att benämna pre-patienter, visade sig ha en hög relativ risk (>132) att 
utveckla RA om de bar på riskallelen 1858T samtidigt som ACPAs kunde påvisas i deras 
blodprover. PTPN22 genens betydelse för RA undersöktes i ett större material av tidigt 
diagnostiserade RA patienter. Totalt undersöktes tre SNPar och 1858T visade sig vara den 
verkliga riskallelen och var framförallt associerad med auto-antikroppspositiv RA. Riskallelens 
funktion för T-cellsaktiveringen undersöktes i T-celler från patienter med RA, SLE och hos friska 
kontroller men kunde inte identifieras. 
   Slutsatserna var att de mindre valiga allelerna av två SNPar i ESR1 genen var associerad med en 
lindrigare form av SLE. En riskallel i PDCD1 genen var associerad med njursjukdom hos 
patienter med SLE. Riskallelen 1858T i PTPN22 genen var associerad med SLE och framförallt 
med njursjukdom. Kombinationen av 1858T och auto-antikroppar predikterade stark insjuknandet 
i RA. I ett större patientmaterial bestående av tidigt diagnostiserad RA patienter styrktes rollen av 
1858T som riskfaktor till RA och framförallt till auto-antikroppspositiv RA. 
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