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The role of miRNAs in autoimmune 
inflammatory diseases

microRNAs appear as important cytoplasmic 
regulators of gene expression. miRNAs act as 
post-transcriptional regulators of their messenger 
RNA targets via mRNA degradation and/or 
translational repression. However, it is becoming 
evident that miRNAs also have nuclear functions, 
including transcriptional control [1,2]. 

microRNAs and inflammation

The increased prevalence of cardiovascular 
mortality rate in rheumatic diseases cannot 
only be justified by the presence of traditional 
atherosclerotic risk factors but is strongly 
associated with a chronic inflammatory response 
typical of Systemic Lupus Erythematosus 
(SLE) or Rheumatoid Arthritis (RA) [10-12]. 
Unrestrained activation of both the innate and 
the adaptive immune responses, occurring in 
rheumatic diseases, may in turn explain novel 
mechanisms in the pathogenesis of atherosclerosis 
[13]. TLR ligand-induced microRNAs, including 
miR-146a, miR-155 and miR-132, play essential 
roles in regulating inflammatory mediators, with 
a strong impact on the immune system [14].

Persistent inflammation is the starring character 
in chronic immune-mediated rheumatic diseases 
and it may play an important role in endothelial 
dysfunction, the first step of atherogenesis [15]. 
There is a complex system of checkpoints and 
molecules involved in the regulation of the 
immune system that prevent the occurrence of 
disorders like autoimmune diseases and cancer 
[16] and accumulating evidence suggests that 
numerous microRNAs are aberrantly expressed 
in human diseases [3,5]. 

MicroRNAs have been considered important 
regulators in both physiological and disease 
contexts. Among all miRNAs, the miR-34 
family (miR-34a, -34b, -34c), which has been 
well characterized as a tumor suppressor, displays 
diverse functions in noncancerous diseases 
[17]. MiR-34 levels are relatively low in the 
cardiovascular system, but recently they have 
been reported to function in cardiovascular 
disorders by regulating apoptosis, telomere 
attrition, DNA damage, and inflammatory 
response [18].

Introduction

MicroRNAs (miRNAs) are abundant short 21-
23 nucleotides-long non-coding RNAs that 
modulate virtually all eukaryotic gene expression 
processes during development and are crucial 
for sustaining optimal cell functions and tissue 
homeostasis [1]. Therefore the processing 
and (dys) regulation of the processing of these 
miRNAs are critical in the pathogenesis of many 
diseases [2]. Several studies have convincingly 
demonstrated the relationship of microRNAs 
expression with nutrition, inflammation and 
cancer [3-5].

This short communication focuses on our 
understanding about the role of miRNA 
in the pathogenesis of rheumatic diseases 
and the possible involvement in accelerated 
atherogenesis, an aspect that is related to an 
increased prevalence of coronary artery disease 
in these patients [6,7]. Recent attention has 
been given to the pathogenetic connection 
of miRNAs to metabolic and inflammatory 
conditions [4,5] which are known to be risk 
factors for cardiovascular diseases [8]. 

microRNAs production

microRNAs have emerged as new class 
of modulators of gene expression at post-
transcriptional level [9]. They are small 
non-coding molecules of RNA that bind to 
complementary sequences in the 3’ UTR of 
multiple target mRNAs, usually resulting in 
their silencing. These sequences are transcribed 
in the nucleus of eukaryotic cells by either 
RNA polymerase II or RNA polymerase III 
into primary miRNA transcripts (pri-miRNA), 
that are cleaved by the microprocessor complex 
Drosha-DGCR8 (Pasha) [1,2]. After this 
cleavage, the resulting precursor hairpin, the 
pre-miRNA, is exported from the nucleus by 
Exportin-5-Ran-GTP; once in the cytoplasm, 
the RNase Dicer complex with TRB protein 
cleaves the pre-miRNA hairpin to its mature 
length. Now the mature miRNA is loaded 
togheter with Argonaute (Ago2) proteins into 
the RNA-Induced Silencing Complex (RISC) 
that guides to silencing target mRNA [1,9].
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microRNAs in rheumatoid arthritis (RA)

Many published studies have uncovered the 
differential expression of miRNAs and the role 
they might play in rheumatic diseases [19,20]. 
Both innate and adaptive immune responses 
are controlled by activities due to miRNAs 
production [20,21]. Therefore many cell types, 
including macrophages and lymphocyte subsets 
relevant to autoimmune, inflammatory and 
other rheumatic disorders, are affected and 
regulated by miRNA expression [22-24].

Rheumatoid arthritis is characterized by 
polymorphisms of DRB1*0401 (DR 4, Dw 4; 
in 50% cases of RA) DRB1*0404 (DR 4, Dw 
14: in 30% cases of RA) DRB1*0101 (DR 1, 
Dw 1; in 24% cases of RA), B-cell proliferation 
with production of autoantibodies and increased 
pro-inflammatory and TH1-type cytokines 
production [25,26]. 

Specific micro-RNAs are responsible of aberrant 
expression of Interleukin (IL)-1 and tumor 
necrosis factor (TNF) α: in synovial fibroblasts, 
inflammatory cells and Th17 cells of RA patients 
[27], miR-146 and miR-155 are up-regulated 
significantly compared to healthy controls [28]. 
These two miRNAs have been particularly 
investigated as potential targets for intervention 
in RA, since both miR-155 [29] and miR-146a 
have been shown to be highly expressed in 
human RA synovial tissue and it is induced by 
the proinflammatory cytokines TNFα and IL-
1α[30]. Levels of miR-146, miR-155 and miR-
16 were found to be upregulated in the peripheral 
blood of patients with RA [27], and miR-146 
and miR-16 levels were higher in patients with 
active (n=8) rather than inactive (n=3) disease, 
suggesting that these miRNAs could be potential 
markers of disease activity [30,31]. 

miRNAs in other rheumatic diseases

Recent studies suggest a dysregulation of 
miRNAs expression in B- and T-lymphocytes of 
SLE patients [32,33]. In a study of the levels of 
miR-146a and miR-155 in the serum and urine 
of patients with SLE Wang et al. [33] observed 
a downregulation of miR-146 in peripheral 
blood mononuclear cells, which led to amplify 
the IFN-pathway causing the stimulation of 
TRAF-6, IRAK1 and IRF5 and targeting IFN 
regulatory factor 5 and STAT-1, already known 
to identify key markers and pathogenetic factors 
in SLE [34,35].

The experimental inhibition of endogenous miR-
146a increases the induction of type I IFNs in 

PBMCs so it directly represses the transactivation 
downstream of type I IFN production [34,36]. 
Maintenance of suppressor/regulatory cell 
activity has been shown to be assured by miR-
155 [37], which is also able to downregulate 
lipopolysaccharide-induced inflammatory 
pathways in human monocyte-derived dendritic 
cells [23]. The expression of miR-155 has also 
been shown to correlate with the progression of 
lung fibrosis in systemic sclerosis patients [38].

The activation of TLR4, TLR2, and TLR5 
signaling pathways or stimulation of 
inflammatory cytokines such as TNFα and IL-
1β are strongly associated with the upregulation 
of miR-146a in monocytes [21]. Other miRNAs 
such as miR-155 were identified as negative 
regulators of TLR-signaling in response to both 
bacterial- and viral-derived antigens that activate 
TLR4, TLR2, TLR3, or TLR9 [39,40].

The aberrant expression of miR-146 and miR-
155 in rheumatic diseases could underlie the 
increased cardiovascular mortality rate [10,19]. 
A recent elegant study reveals that miR-146a 
promotes proliferation and migration of rat 
vascular smooth muscle cells in vitro in a nuclear 
factor-κB-dependent manner [41]. Other 
studies demonstrate that miR-146a inhibits 
oxidized LDL-induced lipid accumulation and 
inflammatory response via targeting toll-like 
receptor 4 [42]. In a closed loop, oxidized LDLs 
in turn upregulate miR-146a [43].

Stanczyk et al. suggest that miR-155 is responsible 
for post-trancriptional silencing of Matrix 
Metallo Peptidases 3 and 1 [28]: this discovery 
reveals that miR-155 plays an important role 
both on inflammatory reaction against synovial 
tissue and in the atherosclerotic plaque.

It also has been found that miR-155 stimulates 
the differentiation of endothelial cells [44], 
fibroblasts and the inflammatory dysfunction; 
miR-146a increases proliferation of fibroblasts 
and collagen syntesis [31] in many types of 
arthritis and in other fibrotic conditions. In 
this respect, miR-24 and other miRNAs exert 
regulatory functions on chondrocytes and 
matrix changes in osteoarthritis [45,46] and they 
also operate in the framework of senescence-
associated remodelling of several pathways 
affecting many age-related diseases [47].

Conclusions

MicroRNAs have been linked to many human 
diseases and are being pursued as clinical 
diagnostics and as therapeutic targets [1,4,5]. 
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More than 2000 miRNAs have been identified 
and it is believed that they collectively regulate 
one third of the genes in the human genome 
[48]. The potential of miRNAs as biomarkers 
and/or therapeutic targets in rheumatic diseases 
is a new area of research [19] for which currently 
available data are promising and expanding but 
still limited.
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