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Abstract

Several advances in 2013 have improved our understanding of how epigenetic mechanisms affect 

autoimmune disorders. Many new insights were made into the regulation of gene expression by 

DNA methylation in systemic lupus erythematosus. For rheumatoid arthritis, complex 

interrelationships between DNA methylation and microRNAs in regulating gene expression were 

described.

Epigenetics is defined as heritable changes in gene expression that are not due to alteration 

of the DNA sequence. Epigenetic mechanisms regulate multiple aspects of chromatin 

structure and function, including the regulation of transcriptionally repressive and 

permissive configurations for gene expression. These mechanisms include DNA 

methylation, histone modifications including methylation and acetylation, and regulation by 

microRNAs (miRNA). In this 2013 Year in Review, we describe advances (Figure 1) in our 

understanding of DNA methylation and miRNAs in the pathogenesis of systemic lupus 

erythematosus (SLE)1, 2 and rheumatoid arthritis (RA).3

Genome-wide methylation studies have provided new insights into the role of DNA 

methylation in the pathogenesis of SLE. Coit et al.1 demonstrated that regulatory regions for 

interferon-responsive genes in naive CD4+ T cells from patients with SLE are 

hypomethylated and ‘poised’ for expression; transcription does not occur until T-cell 

activation. Using two independent SLE cohorts, >485,000 genomic methylation sites were 

analysed by array. The researchers identified 47 genes as differentially methylated, either 

hypomethylated or hypermethylated, in a comparison of naive CD4+ T cells from healthy 

individuals and patients with SLE. Methylation did not increase or decrease with disease 

activity, as measured by the SLE disease activity index. Bisulphite sequencing confirmed 
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that 35 genes were hypomethylated, and most of these genes are involved in type I 

interferon signalling. Many of the hypomethylated genes were known to be overexpressed in 

total CD4+ T cells from patients with SLE, but methylation state and expression had not 

previously been studied in the same naive CD4+ T cell. Coit et al.1 found that none of the 

hypomethylated genes were overexpressed in naive CD4+ T cells. This discordance between 

gene accessibility and expression could be explained by the relative paucity and inactive 

state of transcription factors in naive CD4+ T cells. The changes in DNA methylation before 

activation and differentiation indicate that naive cells are ‘poised’ to express those genes 

even in the absence of other immune signals. This model helps explain the increased 

expression of IFN-α and type I interferon-inducible genes in patients with SLE. In related 

work, the same type of genome-wide methylation array was used to analyse B cells, 

monocytes and CD4+ T cells.4 Prior to this study, B cells and monocytes from patients with 

SLE had not been examined in this manner. Absher et al.,4 however, did not study gene 

expression or confirm changes in DNA methylation by bisulphite sequencing. Similar to the 

findings by Coit et al.,1 most of the hypomethylated genes were related to the type I 

interferon signalling pathway. The methylation changes in total CD4+ T cells also did not 

differ significantly from cell subsets, including naive CD4+ T cells, and they did not vary 

with disease activity.

The molecular mechanisms by which DNA methylation is regulated in patients with SLE is 

an area of intense investigation. DNA (cytosine-5)-methyltransferase 1 (DNMT1) is an 

ERK-regulated and JNK-regulated enzyme required for maintaining methylation patterns in 

dividing cells. In CD4+ T cells from patients with SLE, the expression of DNMT1 is 

decreased and the ERK and JNK pathways are disrupted.5 Disrupting ERK or JNK 

signalling in vitro decreases Dnmt1 expression and consequently increases expression of 

CD70 and other proinflammatory methylation-sensitive genes.6 Furthermore, disrupting 

either ERK or JNK signalling in transgenic mice results in an SLE-like disorder 

characterized by anti-double stranded DNA antibodies and glomerulonephritis.6, 7 Despite 

these findings, the mechanisms by which ERK and JNK signalling are disrupted are only 

partially understood. Work by Sunahori et al.2 demonstrated that protein phosphatase 2A 

(PP2A) contributes to disrupted signalling of these pathways in SLE.

Evidence indicates that PP2A is overexpressed in T cells from patients with SLE, compared 

with T cells from healthy individuals.8 Protein phosphatases can regulate ERK and JNK 

signalling, but the specific role of PP2A, if any, in SLE pathogenesis was not previously 

known. Sunahori et al.2 developed a model linking the overexpression of PP2A in T cells 

from patients with SLE with changes in methylation-sensitive proinflammatory gene 

expression. Blocking PP2A expression in vitro increases ERK and MEK activation and, 

consequently, DNMT1 expression and activity. CD70 and CD11a expression, which are 

regulated by DNA methylation, were also decreased when PP2A was silenced. These 

findings suggest that PP2A contributes to SLE pathogenesis by blocking ERK and JNK 

signalling and DNMT1 activity to enable aberrant overexpression of methylation-sensitive 

proinflammatory genes. This hypothesis would be amenable to testing in an animal model, 

similar to previous studies in which the ERK and JNK pathways were individually disrupted 

in transgenic mouse models.6, 7
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DNA methylation and histone modifications regulate gene expression at the level of mRNA 

transcription, and miRNAs regulate gene expression post-transcriptionally.9 The role of 

miRNAs in autoimmune diseases is increasingly recognized, and a major advance was 

reported in 2013. De la Rica et al.3 linked DNA methylation, miRNA expression, and 

mRNA expression in synovial fibroblasts by using a genome-wide methylation array to 

identify >1,200 genes that are differentially methylated in six patients with osteoarthritis 

(OA) compared with six patients with RA. An analogous study by Nakano et al.10 reported 

similar changes in DNA methylation patterns. De la Rica et al.3 integrated the methylation 

data with two different data sets. First, methylation data were compared with mRNA 

expression data from synovial fibroblasts from patients with RA and OA. With some 

exceptions, most of the hypomethylated genes had overexpressed mRNAs and many of the 

hypermethylated genes had underexpressed mRNAs, as would be predicted. Next, miRNA 

expression in synovial fibroblasts from patients with OA or RA was then compared with the 

methylation data, in particular the location of hypermethylated and hypomethylated CpG 

sites in the genome. 11 miRNAs that are downregulated in patients with RA, compared to 

patients with OA, were located near hypermethylated CpG sites, and four miRNAs that are 

upregulated were located near hypomethylated CpG sites. Finally, all three data sets 

(genomic methylation, mRNAs and miRNAs) were compared simultaneously.

De la Rica et al.3 split the results of their complex analysis into groups that suggest the roles 

of DNA methylation and miRNAs in regulating gene expression. One group consisted of 

downregulated mRNAs with hypermethylated DNA and increased expression of targeting 

miRNAs. In this group, DNA methylation and miRNAs work together to suppress gene 

expression. In a second group of downregulated mRNAs, corresponding DNA elements 

were hypomethylated, but the number of miRNAs that specifically target that mRNA were 

increased. In this second group, miRNAs seemed to have a dominant effect on gene 

expression. In a third group of downregulated mRNAs, corresponding DNA elements were 

hypermethylated and targeting miRNA levels were decreased. In this group, the dominant 

effector of gene expression was DNA methylation. Analogous groups of upregulated 

mRNAs were also found. This is the first report to study the integration of effects of DNA 

methylation and miRNAs on the pathogenesis of an autoimmune disorder. Despite the small 

sample sizes involved, many of the results from the methylation screen and mRNA 

expression profiles overlap with previously reported work. This research highlights the 

importance of multiple layers of control in regulating gene expression, and it identifies many 

new potential therapeutic targets. It also supports the role of other, as yet unidentified, 

molecules in the pathogenesis of RA, possibly explaining the discordant effects that DNA 

methylation and miRNAs can have on gene expression.

These three reports indicate an important role for miRNA and DNA methylation 

dysregulation in the pathogenesis of SLE and RA. The maintenance of DNA methylation 

patterns is sensitive to environmental influences7 and miRNAs might serve as biomarkers 

and therapeutic targets.3 These data suggest new approaches for the diagnosis and treatment 

of autoimmune diseases.
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Key Advances

• Abnormal DNA methylation exists in CD4+ T cells from patients with SLE 

before activation and differentiation, although the genes are not expressed until 

they are activated1

• Overexpression of protein phosphatase 2A in T cells increases expression of 

proinflammatory methylation-sensitive genes important in SLE pathogenesis2

• DNA methylation and microRNAs can operate in conjunction with, or in 

opposition to, each other in regulating gene expression in synovial fibroblasts3
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Figure 1. Recent advances in our understanding of epigenetics and gene expression
Coit et al.1 showed certain genes are ‘poised’ for transcription, based on methylation of their 

regulatory regions, but transcription does not occur until the cells are activated. Sunahori et 

al.2 demonstrated that PP2A blocks signalling pathways that maintain DNA methylation 

patterns in dividing immune cells, causing them to be overexpressed. De la Rica et al.3 

found that DNA methylation and microRNAs can work together, or in opposition, in 

regulating gene expression. Abbreviations: DNMT1, DNA (cytosine-5)-methyltransferase 1; 

MEK, dual specificity mitogen-activated protein kinase kinase; PP2A, protein phosphatase 

2A.
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