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Chapter 1 
 

Autoimmune diseases (AIDs) are common and can affect a wide variety of organs. 
Understanding why the immune system attacks the body’s own cells is crucial in 
order to treat patients and prevent the onset of autoimmunity. In the past 100 
years great efforts have been undertaken to gather insight into AIDs. Despite the 
advances, these studies have revealed that the complexity of AIDs is enormous. A 
wide range of AIDs exists. A few of the most common AIDs are rheumatoid 
arthritis, systemic lupus erythematosus, type I diabetes, thyroiditis, multiple 
sclerosis and psoriasis1–3. However, not all AIDs affect a large proportion of the 
population. For example the prevalence of systemic sclerosis is ~100 times lower 
than rheumatoid arthritis4. AIDs display a typical preference for females albeit 
the reason for this is still unknown5–8. Both genetic and environmental factors 
contribute to dysregulation of the immune system and disease pathogenesis. 
Some of these genetic and environmental factors overlap among different AIDs, 
but also disease-specific factors have been identified9,10. Genes identified through 
genetic studies, have pinpointed to the involvement of multiple pathways, which 
also act in cell-type specific manners10,11. Multiple environmental factors have 
been identified and are thought to play a role in the onset and development of 
AIDs. These include smoking, exposure to UV, microbes, nutrients and exposure 
to organic substances12–15. This variety of contributing factors illustrates the 
complexity of AID and indicates why causal factors are notoriously hard to be 
identified. In this thesis, rheumatoid arthritis and systemic sclerosis were more 
closely investigated. Which genes play a role and how these genes are 
deregulated were the main objectives of these studies. Moreover, the role of 
non-coding RNAs was studied in the context of rheumatoid arthritis, systemic 
sclerosis, and more basic transcriptional regulation. 
 
 
Rheumatoid arthritis 
Rheumatoid arthritis (RA) is the most common autoimmune disease with a 
prevalence of 0.5 to 1% in the adult population worldwide16. Prime characteristics 
of RA are inflammation of the joints leading to cartilage damage and bone 
damage. Many cell types are involved in this process including T-cells, B-cells, 
monocytes, macrophages, dendritic cells, synovial fibroblasts, synoviocytes, 
neutrophils, osteoclasts and mast cells17. These cell types are involved in i.) 
recognizing the self-proteins as foreign proteins, ii.) enhancing inflammation by 
cytokine production and the recruitment of other immune cells and iii.) secreting 

 
 

 
 

enzymes involved in bone erosion and destruction18. The interplay between these 
cells and processes likely contributes to a self-stimulating process that results in 
the chronic nature of RA. The disease is more prevalent in women with a 2-3x 
higher incidence19. RA is a heterogeneous disease indicated by both seropositive 
and seronegative patients. Seropositivity is indicated by various autoantibodies, 
and associates with more severe symptoms, joint damage and higher mortality20–

24. The most prevalent autoantibody known is Rheumatoid Factor (RF), which 
recognizes the Fc part of an IgG molecule. RF is found in approximately 75% of 
patients, however this autoantibody is also found in other diseases and in healthy 
individuals upon ageing25. A more RA-specific autoantibody is the anti-
citrullinated antibody (ACPA), which is directed against citrullinated proteins. 
ACPAs are found in approximately 70% of patients and are highly specific for 
RA26. A more recently discovered autoantibody in RA patients is the anti-
carbamylated protein antibody (anti-CarP), which recognizes carbamylated 
proteins. These anti-CarP antibodies are present in ~40% of the patients and 
associate with disease activity and bone damage23,27. The positivity for some of 
these autoantibodies is linked to environmental factors. ACPA-positivity and RF-
positivity are both higher in patients who have been smoking compared to non-
smokers, while no specific relationship with anti-Carp positivity exists27,28. 
Interestingly these autoantibodies are present years before disease onset and 
can therefore be used for diagnosing RA29,30. Although these autoantibodies are 
key in diagnoses, classification, and prediction of disease severity, they are 
currently not exploited as targets for treatment.  
 
Currently, the best treatment is provided by inhibition of pro-inflammatory 
cytokines. In RA patients, cytokines like TNFα and IL6 are elevated in the serum 
and synovium compared with healthy individuals31–33. Both anti-TNFα and anti-IL6 
treatment are currently successful in alleviating rheumatoid arthritis34,35. TNFα is 
a potent inducer of inflammatory genes, resulting in increased local inflammation 
and bone degradation33,34. Prominent TNF inhibitors include infliximab, 
etanercept, adalimumab, golimumab and certolizumab pegol36. IL6 is a cytokine 
that activates the immune response of several cell types and is also involved in 
the maturation of B-cells37. Tocilizumab is an IL6-inhibitor which can bind soluble 
and membrane-bound IL6-receptors and is used as a therapeutic strategy to treat 
RA38. However, the mechanism by which the immune system is activated and the 
mechanism by which TNFα and IL6 are enhanced remain elucidative.  
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Both environmental and genetic components have been identified in RA. On basis 
of twin studies, the genetic component is estimated to account for 60% of the 
susceptibility to RA and is even more contributing in seropositive RA39,40. Besides 
familial or twin studies, a genetic contribution can also be investigated by 
analysing frequencies of genetic variants in large populations referred to as 
genome wide association studies (GWAS). In GWAS, the prevalence of genetic 
variants (such as single nucleotide polymorphism (SNPs)) in a disease population 
is compared with the prevalence of the same genetic variants in a healthy 
population thereby investigating whether certain variants are more frequent in 
diseased individuals. GWAS have identified over 100 associated loci that 
contribute to RA41. The strongest associating variants are located in the HLA-
region on chromosome 6, which explains approximately 80% of the genetic 
contribution41. Specifically, variants in the HLA-DRB1 gene, a gene involved in 
peptide presentation, associates strongly with RA susceptibility. The RA 
associated variants encode amino acid sequences in the peptide-binding groove, 
which is known as the shared epitope (SE)42. The SE epitope includes QKRAA, 
QQRAA and KKRAA on position 70-74 of the HLA-DRB1 chain and points to a 
crucial role for peptide (and self-peptide) binding in RA pathogenesis43. 
 

Next to the association of the HLA locus, many non-HLA regions have been 
associated to RA. These non-HLA regions have lower odds ratios and are probably 
involved with a smaller functional contribution41. Several studies have 
investigated how the variants in non-HLA genes may translate to the increased 
onset and development of RA and other AIDs44. For example, PTPN22 is a gene 
which acts as a negative regulator of the T-cell receptor of which several variants 
have been associated with multiple autoimmune diseases45. These variants are 
thought to interfere with PTPN22 functioning resulting in a diminished inhibitory 
effect and therefore increased T-cell activation46,47. Overall, genes located in 
these non-HLA regions are significantly enriched for immune-related pathways 
like NF-kb signalling pathway, T-cell receptor signalling pathway and the JAK-STAT 
signalling pathway44. Likely, genetic variants in the non-HLA regions disrupt genes 
within these pathways making an individual more susceptible to inflammatory 
diseases like RA. Together, RA is a multifactorial disease influenced by genetic 
and environmental factors, which together likely result in disturbed immune 
homeostasis in synovial areas eventually leading to disease pathogenesis, figure 
1.  

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Schematic overview of factors influencing rheumatoid arthritis.  

 
 
Systemic sclerosis 
Systemic sclerosis (SSc) is a heterogeneous autoimmune disease with a 
prevalence of ~0.02% in the western population4. Similar to rheumatoid arthritis, 
females are more prone to develop this autoimmune disease with an observed 
female-to-male ratio of up to 1:548,49. The typical diagnosis of SSc patients is 
based on fibrosis of the skin and complications of other internal organs. Over 90% 
of patients show skin fibrosis, ~90% gastrointestinal complications, ~65% 
musculoskeletal problems, ~40% interstitial lung disease, and ~15% of patients 
suffer from pulmonary arterial hypertension (PAH)50. Moreover typical 
characteristics of SSc are vascular manifestations reminiscent of Raynaud 
phenomenon, which are often observed prior to diagnosis of SSc51. SSc patients 
are grouped into limited cutaneous systemic sclerosis (lcSSc) and diffuse 
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cutaneous systemic sclerosis (dcSSc) on basis of their skin involvement. In lcSSc, 
skin involvement is restricted to the region between fingers and elbow, and face, 
while in dcSSc proximal regions are also affected52. Overall, dcSSc patients display 
a rapid disease progression with extensive skin fibrosis and development of 
complications of the internal organs but severity of the disease may differ 
between patients and between disease-subtypes52. 
A number of autoantibodies have been detected in SSc. The presence of 
autoantibodies is used for SSc diagnosis and classification of patients. 
Autoantibodies are mainly directed against nuclear components and are 
described as anti-nuclear antibodies (ANAs). ANAs include anti-centromeric 
antibodies, anti-topoisomerase I, anti-RNA polymerase III, anti-U1-RNP, anti-U3-
RNP, anti-Th/To, anti-Pm/Scl and anti-nucleolar antibodies53. lcSSc patients 
display a stronger association with anti-centromeric antibodies, while dcSSc 
patients often have anti-topoisomerase and anti-RNA polymerase antibodies53. 
Finally, the complexity and heterogeneity of SSc is illustrated by the fact that 
some individuals are positive for SSc serology but lack the presence of detectable 
skin involvement54.  
Similar to RA and other AIDs, environmental and genetic components have been 
identified in SSc, figure 2. Known environmental factors are pollutants and 
chemicals including silica dust, vinyl chloride and organic substances55,56. 
Moreover, infectious agents, like viruses, have been reported to be associated 
with risk of developing SSc55. Despite numerous studies, the molecular 
mechanisms underlying SSc remain elusive. Approximately 40 genes have been 
linked to SSC by multiple genetic studies57–59. The HLA-locus (HLA-DR and HLA-DP) 
shows the strongest genetic association with SSc, indicating that (self) antigen 
presentation plays a role in SSc. Clinical implications of these genetic associations 
have been shown by correlation analysis with the presence of autoantibodies. 
Anti-topoisomerase antibodies correlated strongly with DPB1*1301 and 
DRB1*1101–21, while anti-centromeric antibodies were positively correlated 
with the presence of DRB1*0401–22 and DRB1*0801–1160. Besides the HLA-
genes, other immunological genes are enriched in SSc associated regions, for 
example genes belonging to the interferon pathway57.  
 
Besides genetic evidence expression studies have shown that interferon genes 
are deregulated in patients. Expression studies have been performed in SSc 
tissues to investigate deregulated genes and altered pathways, and to discover 

 
 

 
 

new drug targets. Affected tissues that have been investigated included skin, 
cultured fibroblasts, keratinocytes and various cells of the immune system. 
Besides, gene expression profiles are under investigation for the classification of 
SSc patients61–64. Milano et al. showed that patients can be subdivided into four 
groups on basis of gene expression profiles in the skin: i) deregulated expression 
of proliferative genes, ii) altered expression of inflammatory genes, iii) aberrant 
expression of fibrotic genes or iv) a normal-like gene expression profile64.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Schematic overview of factors influencing systemic sclerosis.  
 
 
Although other studies did not classify SSc patients they observed deregulation of 
genes of immunological and fibro-proliferative nature62,63. Assassi et al. showed 
that many keratin-related genes are altered in SSc patients and that this keratin 
signature associate with early patients. On the other hand, a fibroinflammatory 
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signature correlates with dcSSc and higher skin scores62. Studies investigating 
gene expression in immune cells of SSc patients have described increased 
expression of macrophage and interferon genes including CCR1, IL1B, IL13 and 
JAK265,66. Together, these studies point to a disease mechanism in which a 
genetically primed individual is exposed to environmental factors triggering a 
chronic inflammatory process. This inflammatory process is characterized by 
vascular alterations and fibrosis. Early responses are likely mediated through 
macrophages, which induce the expression of interferon-related cytokines along 
with fibrotic mediators such as TGFβ. A continuous interplay between these 
pathways further exacerbates the fibrotic phenotype of the skin of patients which 
might be propelled further into other internal organs67.  
Current treatment of SSc is limited and consists mainly of immunosuppressive 
medication and haematopoietic stem cell transplantation. However, anti-fibrotic 
compounds are under investigation68,69. While current drug targets are based on 
coding genes only, a large proportion of the transcriptome is annotated as non-
coding70. Thus investigating deregulated non-coding genes in SSc patients may 
lead to the identification of novel SSc biomarker genes and potentially new 
druggable targets.  

 
Gene transcription and regulation and its relevance to rheumatic diseases. 
Gene transcription and regulation is fundamental for all biological processes. 
Disturbed regulation of gene expression may lead to disease, including 
autoimmunity. Thus, insight into the complexity of gene regulation has broad 
implications for disease understanding and disease treatment.  
In the early 1960’s Francois Jacob and Jacques Monod pioneered the first model 
for gene regulation and introduced the phenomenon of gene activation and 
repression71. In the years after, many additional factors have been described to 
influence this process. Recruitment of RNA polymerases is essential for a gene to 
be transcribed into RNA. Recruitment and activation of RNA polymerases is 
mediated by transcription factors (TFs), which can bind specific DNA sequences 
known as promotors and enhancers. The interaction between DNA and 
transcription factors is defined by both the DNA sequence and the accessibility of 
the DNA. Importantly, this DNA accessibility is determined by the 3-dimensional 
structure and how the DNA is packed in the nucleus72. Alterations in the DNA 
structure, but not sequences are known as epigenetic changes and describes that 
these structural changes can be heritable to daughter cells and offspring73. In 

 
 

 
 

humans, DNA is packed into chromatin in which the DNA is wrapped around 
histones. DNA with an open chromatin structure is called euchromatin and is 
associated with active gene transcription74. DNA with a dense chromatin 
structure is known as heterochromatin and is associated with gene silencing or 
gene repression74. An important component of the epigenetic landscape is 
formed by the histones which are modulators of the chromatin structure. 
Histones consist of 5 families, the linker histone H1 and 4 core histones: H2A, 
H2B, H3 and H4. Eight histones (2 of each 4 core histones) form together a 
nucleosome wrapping approximately 150bp of DNA. The N-terminal histone tails 
stick out making them accessible for modifications. These modification can steer 
both transcriptional repression and activation dependent on the type of 
modification, see table I75–77.  
 
 
Table I. Histone modifications and their role on gene transcription 
Functional 
association 

Modification Modification site 

Gene activation Acetylation H3K9, H3K14, H3K18, H3K27, 
H3K56, H4K5, H4K8, H4K12, H4K16, 
H2BK6, H2BK7, H2BK16, H2BK17. 

 Methylation H3K4me1, H3K4me2, H3K4me3, 
H3K36me3, H3K79me2. 

 Phosphorylation H3S10ph. 
Gene repression Methylation H3K9me2, H3K9me3, H3K27me2, 

H3K27me3, H4K20me3. 
K = Lysine 
S = Serine 
me1 = monomethylation 
me2 = demethylation 
me3 = trimethylation 
ph = phosphorylation. 

 
 
One of the best-studied modifications is the trimethyl-modification on the 
position 4 (lysine) of histone 3 (H3K4me3), which is associated with active 
promotors77. Many of these histone modifications regulate gene expression by 
interacting with other proteins. For example, H3K4me3 can interact with TFIID, a 
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signature correlates with dcSSc and higher skin scores62. Studies investigating 
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autoimmunity. Thus, insight into the complexity of gene regulation has broad 
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H3K27me3, H4K20me3. 
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S = Serine 
me1 = monomethylation 
me2 = demethylation 
me3 = trimethylation 
ph = phosphorylation. 
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protein involved in the initiation of gene transcription78. In contrast, histone 
modification H3K9me3 interacts with Heterochromatin Protein 1 (HP1) thereby 
silencing gene transcription79. Histone modifications are generated by histone 
methylation transferases (HMTs) and histone acetylation transferases (HATs) and 
can be removed by histone deacetylases (HDACs) and histone demethylases 
(KDMs)80,81.  
 
Several studies have studied the role of epigenetic changes in autoimmune 
diseases including RA and SSc82. In RA, especially synovial fibroblasts (SFs) seem 
to display epigenetic alterations in patients83–85. In RA-specific SFs global 
hypomethylation correlates with increased levels of multiple receptors, adhesion 
molecules, and matrix-degrading enzymes and correlated with an activated 
phenotype84. Moreover, changes in DNA methylation have been observed in 
various immune cells of RA patients. The promotor of CD40LG in CD4+ T-cells and 
the promotor of IL6 in B-cells are hypomethylated in RA patients86,87. 
 
Furthermore, behaviour and levels of the enzymes modifying the histones have 
been investigated in RA patients. Gillespie et al. showed that PBMCs isolated 
from RA patients exhibit enhanced histone deacetylase (HDAC) activity and 
inhibition of this class of enzymes showed the potential to reduce IL6 and TNFα 
proteins in a cell type and compound-dependent manner88. Moreover, levels of 
EZH2 (Enhancer of Zeste Homolog 2), a histone methyl transferase creating 
H3K27Me3 are increased in synovial fibroblasts isolated from RA patients89. 
Finally, in mouse models beneficial effects such as, reduced joint swelling, 
inflammation and cartilage destruction, have been obtained using inhibitors of 
HDACs90,91. 
In SSc patients, altered DNA methylation influenced the expression of both 
immune and fibrotic genes including CD40L, TNFSF7, CD11a and FLI-192–96. 
Moreover, a genome-wide study identified several collagen genes both 
methylation and differential expressed in dermal fibroblasts97.  
Finally, histone modifying enzymes have been investigated as potential 
therapeutic targets in SSc. Inhibition of HDAC7 showed reduced cytokine-induced 
production of type I and type III collagen98, whereas interfering with other 
histone modifying enzymes was found to reduce the accumulation of 
extracellular matrix in SSc mouse models99.  

 
 

 
 

 Histone modifications play an important role in the regulation of immune-
responsive genes as many immune-related genes are under control of epigenetic 
mechanisms. Various studies have been performed investigating which 
epigenetic marks play a role in the regulation of immune cells100,101. These 
changes seem specific for pathogens and environmental stimuli. For example 
stimulation of monocytes by either LPS (bacterial origin) or B-glucan (yeast origin) 
induces a different response leaving different epigenetic traces102,103. 
Interestingly, B-glucan exposure of monocytes induces long-lasting epigenetic 
changes104. Upon restimulation of these cells, induced cytokine production is 
observed. This phenomenon is called ‘trained immunity’ and the identified 
epigenetic changes include increased H3K4me3 levels and reduced H3K27me3 
levels on genes that are enriched for immunological pathways104. These findings 
indicate that these genes are more easily accessible and ready for transcription 
upon new activation.  
 
Besides regulation at the transcriptional level, gene expression is also regulated 
at the RNA level. Specifically, a subset of small non-coding RNAs have been 
discovered as regulator of RNA transcripts known as miRNAs105,106. miRNAs are 
small RNA molecules that can bind mRNA (often in the 3’ UTR regions of mRNAs) 
thereby blocking translation and accelerating degradation of the mRNA in a 
process called RNA interference107. In short, miRNA are processed transcripts of 
~20 nucleotides that bind complementary RNA often including several 
mismatches. Upon binding, the RISC complex can recognize the double stranded 
RNA and the targeted mRNA gets degraded by Dicer, an enzyme capable of 
cleaving double stranded RNA107. The opportunity that mRNA levels can be 
regulated qualifies miRNA as possible therapeutic targets in autoimmunity. For 
example, miRNA29 a key regulator of collagen expression was found decreased in 
patients with systemic sclerosis108. More examples of deregulated miRNAs are 
reviewed in82,109. Besides these small non-coding RNAs, other non-coding RNAs 
have surfaced as new players in disease and development.  
 
 
Long non-coding RNAs and their relevance to rheumatic diseases 
The human genome encompasses roughly 60,000 genes. As approximately 
20,000 genes encode proteins, a larger proportion is of non-coding nature. Non-
coding genes can be divided in groups of small and long non-coding RNAs, figure 
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3A. Besides a role of small non-coding RNAs (eg. miRNAs) in autoimmune disease, 
long non-coding RNAs have been linked to functions in immunity and 
autoimmune diseases110. lncRNAs are RNA transcripts with low or no coding 
potential with a length of over 200 nucleotides111. lncRNAs are often 
polyadenylated, and lack open reading frames (ORFs)111,112.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. (A) The total number of genes divided into protein-coding genes, long non-coding RNAs 
(length of over 200 nucleotides), small non-coding RNAs and others (for example pseudogenes and 
immunoglobulin/T-cell receptor segments). Data was obtained from Gencode Version 25 (March 
2016 freeze, GRCh38) - Ensembl 87. (B). Number of publications per year using search-term “Long 
non-coding RNAs”, data subtracted from PubMed.  

 
 
Since 2010, research and the number of publications studying the role of lncRNAs 
have exponentially increased (figure 3B). From these studies it has emerged that 
lncRNAs are important regulators of tissue physiology and disease processes113. 
Overall, lncRNAs are expressed at lower levels compared to coding genes and one 
of the most striking differences with coding RNAs is a more tissue-specific 
expression of lncRNAs114,115. Because of this tissue-specific expression, lncRNAs 
are considered important regulators of tissue specific physiology during 
development and during life113,116,117. It is key that during development gene 
expression is tightly regulated to prevent malformation of tissues and organs. For 
example, Sox2 is a transcription factor important for pluripotency and neuronal 

 
 

 
 

development. Deregulation of Sox2 levels leads to malformation of neural tissues 
such as aberrant eye and brain development114,118–121. A lncRNA known as Sox2 
overlapping transcript (Sox2ot) is thought to play a role by safeguarding levels of 
Sox2 during neural development122–124. Humans have the highest count of 
lncRNAs and the number of lncRNAs has been shown to correlate with organism 
complexity125,126. Besides mammalian cells, lncRNAs are found in plants, yeast and 
even bacteria127–129. Although lncRNAs are found in many organisms, they are 
poorly conserved across species115,130. For example, only 14% of the mouse 
lncRNAs have a human orthologue131, while another study shows that 12% of 
human lincRNAs have orthologous transcripts in other species115. Various types of 
lncRNAs have been described and can be divided into long intergenic non-coding 
RNAs (lincRNAs), intronic long non-coding RNAs, sense lncRNAs and antisense 
lncRNAs, figure 4.  
 

 
Figure 4. Types of lncRNAs divided into intronic lncRNAs, intergenic lncRNAs, sense lncRNAs and 
antisense lncRNAs.  

 
In comparison with small non-coding RNAs, the longer length of lncRNAs allows 
additional folding properties as stability and interaction abilities with DNA, RNA 
and protein132. lncRNAs can interact with single stranded DNA by direct base 
pairing or with double stranded DNA via triplex RNA-DNA structures133. lncRNAs 
are typically coexpressed with their neighbouring genes and are thought be 
involved with various gene regulatory processes115. Examples of lncRNAs that 
interfere with transcriptional and translational processes are summarized in 
figure 5134,135. Transcriptionally, lncRNAs are potent guiding molecules because of 
their ability to bind both DNA and proteins. By doing so, lncRNAs can bind co-
activating or repressing proteins to specific genes and loci. Moreover, lncRNA 
have shown to play an important role in the modulation of epigenetic marks by 
recruiting histone modifying enzymes136,137. 
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The other way around, lncRNAs can decoy proteins thereby preventing the 
interaction with specific regions138–141. Finally, expression of lncRNAs alone can 
result in interference with transcription of other genes. Transcriptional overlap of 
lncRNA Airn, but not its RNA transcripts were found crucial for silencing lgf2r142. 
Similarly, some lncRNAs are thought to function by disrupting DNA loops143, while 
other lncRNAs (like Dum and HOTTIP) have been shown to establish DNA loops 
and coordinate gene expression144,145. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Mechanisms and function by lncRNAs. lncRNAs have potential roles in the regulation of 
transcription by protein guidance, protein decoy or via transcriptional interference (also mediated 
via DNA looping). Regulation of post-transcriptional processes by lncRNAs include the interference 
with mRNA splicing, stability, degradation, RNA editing and its interaction with miRNAs. 
 
 
In addition, lncRNAs can regulate processes at the post-transcriptional level 
including, mRNA splicing, and interaction with mRNAs and miRNAs146–148. For 
example, ZEB2-AS1 and BACE1-AS1 are two antisense genes that interact with 

 
 

 
 

mRNA by either influencing splicing or mRNA stability149,150. Antisense RNA genes 
are one of the largest subtypes of lncRNAs. These antisense RNA transcripts are 
transcribed from the opposite DNA strand of a sense gene in either close 
proximity or by partly overlapping, figure 4. The most prominent form of 
antisense transcription in the mammalian genome is of non-protein-coding 
nature151. Particularly, antisense ncRNAs represent an interesting subset as they 
are often involved in the regulation of its sense counterpart forming sense-
antisense (SAS) gene pairs152. Besides ZEB2-AS1 and BACE1-AS, other SAS gene 
pairs have been shown to have implications in disease and development153–156.  
 
Studies with immune cells have shown that lncRNAs are important during the 
differentiation of immune cells157,158. Moreover, lncRNAs also play a role in 
differentiated immune cells and influence processes involved in innate and 
adaptive immunity159–163. Particularly in innate immunity lncRNA have been 
identified as important regulators. Many lncRNAs are under immunoregulatory 
control as shown by their responsiveness to external immune stimuli164,165. In 
both mouse and human derived monocytes/macrophages lncRNAs are 
responsive to LPS stimulation156,165–167. One of these studies shows that many of 
the lncRNA are coregulated or coexpressed with neighbouring protein-coding 
genes including Nfkb2 and Rel two genes involved in NFKB-signalling166. 
Moreover, in human monocytes, 182 lncRNAs were induced by LPS, amongst 
others two lncRNAs in the IL1B locus that were identified as regulators of IL1B 
transcription and protein release167. Similarly, in monocyte-like cell lines, lncRNAs 
expression can be induced by various immune-stimuli168,169. For example, 
stimulation of THP1 cells with LPS showed 1161 lncRNA with differential 
expression168. Further knockdown experiments for some of these immune 
responsive-lncRNAs revealed their involvement with TNFα and IL6 levels169. 
Together, these studies show that lncRNAs have functional roles in our immune 
system and that they can influence the release of a variety of cytokines.  
 
Besides these functional studies, genetic studies have linked lncRNAs to immunity 
and autoimmune diseases. Multiple GWAS have been performed to identify 
functional genetic regions that contribute to autoimmunity. Many of these 
associated regions are located in loci without coding genes, however can contain 
unannotated non-coding genes164,170,171. Nonetheless, SNPs occurring in these 
non-coding genes could have functional effects and subsequently result in 
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phenotypic changes contributing to complex diseases, including cancers and 
AID44,172,173. SNPs can strongly affect gene expression and are also known as 
expression quantitative trait loci (cis-eQTL)174,175. Many of these variants interfere 
with the binding of transcription factors or enhancers, however also lncRNAs 
could be functionally affected176,177. Several studies have linked genetic variants 
to changes in lncRNA levels through eQTL studies. Almhof et al. investigated cis-
acting genetic variation that regulate expression of lncRNAs in monocytes 
isolated from 188 healthy donors178. 258 lncRNAs were detected with at least one 
associated cis-regulatory SNP of which 20% co-regulated with the closest protein 
coding gene178. Not only expression levels could be affected by these SNPs but 
studies have shown that genetic variants influence the predicted structure of 
lncRNAs related to immune diseases as T1D and inflammatory bowel disease179. 
Together, these studies show that associated variants can affect non-coding 
genes by altering the RNA stability, RNA expression levels and RNA structure and 
are therefore important candidates for further investigation in disease 
pathogenesis.  
 
 
Outline of this thesis 
Multiple factors have been identified that contribute to autoimmunity. Studies 
like association studies, gene expression studies and familial studies have 
revealed that both environmental and genetic factors contribute to disease 
pathogenesis. Although a dominant role for HLA genes in autoimmunity is very 
likely, non-HLA protein encoding genes have been identified as important clinical 
drug targets as well. In RA, anti-TNFα and anti-IL6 therapies are two successful 
strategies to treat patients. However, the mechanism by which TNFα and IL6 are 
upregulated in RA patients is yet unknown. In Chapter 2 of this thesis, 
transcriptional regulation and the protein levels of IL6 and TNFα were 
investigated in RA patients. In particular, this study addressed whether epigenetic 
changes mediate enhanced IL6 and TNFα levels in early untreated RA patients 
and if these epigenetic changes can be detected in circulating monocytes isolated 
from these patients. 
 
More recently, it was postulated that besides coding genes, non-coding genes 
also possess functional roles in development, immunity and various diseases. 
However, the involvement of these non-coding genes in autoimmunity and their 

 
 

 
 

mode of action is poorly understood. Chapter 3 of this thesis summarizes how 
both coding and non-coding variants can affect genes and how these variants 
may contribute to RA and other autoimmune diseases44. Interestingly, the 
majority of risk variants locate to non-coding regions of which the underlying 
disease-contributing mechanism is often unknown180. A RA-associated locus with 
many non-coding variants is the TRAF1-C5 risk locus located on chromosome 
9181,182. As described in Chapter 4 and 5, none of the identified variants are 
located in known coding regions but instead are synonymous, intronic or located 
in intergenic and UTR regions183. Such variants might also cover non-coding genes 
which are now hypothesized as a novel group of candidate genes that might 
explain part of the genetic variants associated with disease pathogenesis164,172. In 
addition, Chapter 5 describes the identification of such a novel disease candidate 
gene, of non-coding nature, in the TRAF1-C5 locus164. 
 
Besides a role for lncRNAs in RA, also lncRNAs are proposed to play pathogenic 
roles in SSc184. Investigating deregulated non-coding genes in SSc patients may 
lead to the identification of novel SSc biomarker genes and potentially new 
druggable targets. In Chapter 6 of this thesis, expression of both coding and non-
coding genes of SSc patients was compared to healthy controls to identify such 
targets. Moreover, the molecular mechanism by which deregulated antisense 
RNA genes play a role in SSc was investigated particularly. In Chapter 7 of this 
thesis, the molecular mechanism of another lncRNA known as Sox2ot was further 
investigated. Sox2ot is a non-coding RNA that is located near Sox2, an important 
transcription factor for pluripotency and neural development. Together, these 
studies aid in unravelling the function of lncRNAs and to understand their role 
and involvement in development and disease pathogenesis. Finally, general 
remarks, implication and future directions are discussed in Chapter 8. To 
summarize, in this thesis we aimed at identifying and unravelling of enigmatic 
transcriptional mechanisms that contribute to rheumatoid arthritis (RA) but also 
to systemic sclerosis (SSc) with a particular focus on non-coding genes.  
 
 
Answering the following questions was of main interest in this thesis:  
 

i.) Are epigenetic changes underlying the development of RA and can 
they be detected in early untreated RA patients? 
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phenotypic changes contributing to complex diseases, including cancers and 
AID44,172,173. SNPs can strongly affect gene expression and are also known as 
expression quantitative trait loci (cis-eQTL)174,175. Many of these variants interfere 
with the binding of transcription factors or enhancers, however also lncRNAs 
could be functionally affected176,177. Several studies have linked genetic variants 
to changes in lncRNA levels through eQTL studies. Almhof et al. investigated cis-
acting genetic variation that regulate expression of lncRNAs in monocytes 
isolated from 188 healthy donors178. 258 lncRNAs were detected with at least one 
associated cis-regulatory SNP of which 20% co-regulated with the closest protein 
coding gene178. Not only expression levels could be affected by these SNPs but 
studies have shown that genetic variants influence the predicted structure of 
lncRNAs related to immune diseases as T1D and inflammatory bowel disease179. 
Together, these studies show that associated variants can affect non-coding 
genes by altering the RNA stability, RNA expression levels and RNA structure and 
are therefore important candidates for further investigation in disease 
pathogenesis.  
 
 
Outline of this thesis 
Multiple factors have been identified that contribute to autoimmunity. Studies 
like association studies, gene expression studies and familial studies have 
revealed that both environmental and genetic factors contribute to disease 
pathogenesis. Although a dominant role for HLA genes in autoimmunity is very 
likely, non-HLA protein encoding genes have been identified as important clinical 
drug targets as well. In RA, anti-TNFα and anti-IL6 therapies are two successful 
strategies to treat patients. However, the mechanism by which TNFα and IL6 are 
upregulated in RA patients is yet unknown. In Chapter 2 of this thesis, 
transcriptional regulation and the protein levels of IL6 and TNFα were 
investigated in RA patients. In particular, this study addressed whether epigenetic 
changes mediate enhanced IL6 and TNFα levels in early untreated RA patients 
and if these epigenetic changes can be detected in circulating monocytes isolated 
from these patients. 
 
More recently, it was postulated that besides coding genes, non-coding genes 
also possess functional roles in development, immunity and various diseases. 
However, the involvement of these non-coding genes in autoimmunity and their 

 
 

 
 

mode of action is poorly understood. Chapter 3 of this thesis summarizes how 
both coding and non-coding variants can affect genes and how these variants 
may contribute to RA and other autoimmune diseases44. Interestingly, the 
majority of risk variants locate to non-coding regions of which the underlying 
disease-contributing mechanism is often unknown180. A RA-associated locus with 
many non-coding variants is the TRAF1-C5 risk locus located on chromosome 
9181,182. As described in Chapter 4 and 5, none of the identified variants are 
located in known coding regions but instead are synonymous, intronic or located 
in intergenic and UTR regions183. Such variants might also cover non-coding genes 
which are now hypothesized as a novel group of candidate genes that might 
explain part of the genetic variants associated with disease pathogenesis164,172. In 
addition, Chapter 5 describes the identification of such a novel disease candidate 
gene, of non-coding nature, in the TRAF1-C5 locus164. 
 
Besides a role for lncRNAs in RA, also lncRNAs are proposed to play pathogenic 
roles in SSc184. Investigating deregulated non-coding genes in SSc patients may 
lead to the identification of novel SSc biomarker genes and potentially new 
druggable targets. In Chapter 6 of this thesis, expression of both coding and non-
coding genes of SSc patients was compared to healthy controls to identify such 
targets. Moreover, the molecular mechanism by which deregulated antisense 
RNA genes play a role in SSc was investigated particularly. In Chapter 7 of this 
thesis, the molecular mechanism of another lncRNA known as Sox2ot was further 
investigated. Sox2ot is a non-coding RNA that is located near Sox2, an important 
transcription factor for pluripotency and neural development. Together, these 
studies aid in unravelling the function of lncRNAs and to understand their role 
and involvement in development and disease pathogenesis. Finally, general 
remarks, implication and future directions are discussed in Chapter 8. To 
summarize, in this thesis we aimed at identifying and unravelling of enigmatic 
transcriptional mechanisms that contribute to rheumatoid arthritis (RA) but also 
to systemic sclerosis (SSc) with a particular focus on non-coding genes.  
 
 
Answering the following questions was of main interest in this thesis:  
 

i.) Are epigenetic changes underlying the development of RA and can 
they be detected in early untreated RA patients? 
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ii.) What are the mechanisms by which genetic variation contributes to 
autoimmunity and how do non-coding genes play a role in this 
process? 
 

iii.) Are non-coding genes deregulated in AID and how can these 
deregulated genes contribute to autoimmunity? 
 

iv.) What are the molecular mechanisms by which non-coding genes can 
function and play a role in disease and development? 
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ii.) What are the mechanisms by which genetic variation contributes to 
autoimmunity and how do non-coding genes play a role in this 
process? 
 

iii.) Are non-coding genes deregulated in AID and how can these 
deregulated genes contribute to autoimmunity? 
 

iv.) What are the molecular mechanisms by which non-coding genes can 
function and play a role in disease and development? 
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Inflammatory genes TNFα and IL6 display no 
signs of increased H3K4me3 in circulating 
monocytes from untreated rheumatoid 
arthritis patients 
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