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Abstract MicroRNAs (miRNAs) are non-coding, single-
stranded small RNAs, usually 18-25 nucleotides long, have
ability to regulate gene expression post-transcriptionally.
miRNAs are highly homologous, conserved and are found
in various living organisms including plants and animals.
Present studies show that these small RNAs anticipate and
are directly involved in many important physiological and
pathological processes including growth, proliferation,
maturation, metabolism, and inflammation among others.
Evidences are accumulating that miRNAs play active role
in directing immune responses and, therefore, might be
involved in pathogenesis of autoimmune diseases. Recent
studies have found that miRNAs are critical in prolifera-
tion, maturation and differentiation of T cells, B cells and,
therefore, may affect the outcome of an immune response.
In light of such understanding, this review briefly intro-
duces miRNAs and discusses its role in the pathogenesis of
various autoimmune diseases, as well as its potential as a
biomarker and therapeutic target in the management of
autoimmune diseases.
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Introduction

MicroRNAs (miRNAs), a class of highly conserved,
small, and non-coding RNA molecules of usually 18-25
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nucleotides (nt) in length [1], have attracted attention of the
scientific community worldwide in recent years. These
minute RNAs, as the name implies, are thought to play
critical roles in a variety of physiological and pathological
processes in the plants and animals. miRNAs act on the
protein synthesis machinery of a cell through negative
post-transcriptional modification/regulation of messenger
RNAs (mRNAs) by either blocking its translation and/or
affecting its stability [1, 2]. Their first discovery was made
in Caenorhabditis elegans [3]; since then numerous
miRNAs have been identified. Mirbase, which index the
latest and comprehensive data on miRNAs, shows that
1,788 miRNAs have been discovered in human beings
alone so far [4]. Researchers previously estimated that the
human genome might encode more than 1,000 miRNAs
and it has turned out to be true as the discovery of the new
ones are still being made. In this review, we first introduce
the miRNAs and later discuss on their possible roles in
pathogenesis of some common autoimmune diseases.

Biogenesis and function overview

MicroRNAs participate and regulate some of the most basic
cellular physiological processes including proliferation,
differentiation, maturation, apoptosis, metabolism and also
modulate immune responses and inflammation required for
normal functioning of the cells and organism [1, 5-7].

In nucleus, primary microRNAs (Pri-miRNAs) tran-
scripts are transcribed by RNA polymerase II [8] and are
cleaved into 70-100 nt long hairpin loop structure known
as pre-microRNAs by DROSHA/DGCRS, a RNA poly-
merase III enzyme complex. Pre-miRNAs are actively
transported to the cytoplasm by exportin [9], a nuclear
membrane transporter, and are again cleaved to 18-25 nt
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Fig. 1 Biogenesis and function of microRNA

double stranded microRNAs by a RNA polymerase III,
DICER/TRBP enzyme complex, present in the cytoplasm.
One of the strands of these double stranded RNA forms a
mature microRNA (MiRNA), which is loaded on RNA-
induced silencing complex (RISC) also containing arg-
onaute proteins, and target messenger RNAs (mRNAs) 3’
untranslated region (3’ UTR) eventually resulting in
mRNAs degradation and/or translation repression [10]
(Fig. 1). This targeting of mRNAs brings about modulation
and ‘fine-tuning’ of the protein synthesis and its effects.

MicroRNA detection

MicroRNAs, being very small RNAs, are difficult to detect
and isolate from biological tissues. But techniques for
detection and quantification have steadily improved in the
last few years. Among them northern blotting, microarrays
and polymerase chain reaction (PCR) have enjoyed wide-
spread use [11]. These methods are applicable to almost all
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types of tissues, body fluids for the detection of micro-
RNAs. Northern blotting, in particular, is referred as ‘gold
standard’ method for isolation and quantification [11]. But,
given its difficulties and complexities, microarrays and
real-time quantitative PCR have been commonly used in
the laboratories for profiling of microRNAs and have been
more popular [11]. All three methods have their own pros
and cons. Recently, several other methods including, in
particular, locked nucleic acid modified probe fluorescence
in situ hybridization (LNA-FISH) has been used with good
results as a newer technique in microRNA detection [12].
Overall, newer methods and techniques have been contin-
uously developed and modified, which have helped in
better detection and quantification of microRNAs and this
will undoubtedly further enrich our understanding of
microRNAs.

MicroRNAs and immune-regulation

Immune regulation is a complex but finely regulated pro-
cess. Maintenance of the tolerance and elimination of the
foreign microbes are major facets of this big picture, which
effectively maintain the immune homeostasis. Analysis of
miRNAs expression in the murine hematopoietic system
has showed important general effects on the mechanism
of cell differentiation and maintenance of cell identity.
miRNAs have been found to play essential roles in the
differentiation of immune cells including T cells, B cells,
and antigen-presenting cells among others [7]. miR-181a,
miR-150, and miR-17-92 cluster regulate the differentia-
tion and development of the early phase of both B and T
cells from haematopoietic stem cells [13, 14]. Similarly,
miR-223 is required for differentiation of various myeloid
cells including neutrophils, basophils, and mast cells from
common myeloid precursor cells [15]. miRNAs also reg-
ulate various steps in innate and acquired immune
responses. Several microRNAs including miR-155, miR-146,
miR-132, and miR-223 regulate the acute inflammatory
response [16—19]. Our understanding of the roles of miR-
NAs in immune response primarily come from transgenic
animal models especially deletion of dicer in various
immune cells including T and B cells [20, 21] and com-
plemented with observations in human subjects.
miR-181a was one of the first miRNAs discovered to
have a role in immune cell development. miR-181a regu-
lates p27 mRNA translation during myeloid cell differen-
tiation [22]. Likewise, miR-181a was found to be highly
expressed in the thymus, and was detectable in the spleen
and bone marrow progenitors, and in lower level in B220™
B cells [23]. Moreover, ectopic expression of miR-181a in
hematopoietic stem/progenitor cells lead to an increase in
B cells and decrease in T cells, especially CD8' T cells.
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However, it has also been noted that miR-181a may pro-
mote CD4%, CD8™ T cells development when ectopically
expressed in thymic progenitor cells [24]. Studies have
revealed that miR-181a may regulate T cells through tar-
geting Bcl-2, CD69 and TCR [22-24] or modulating the
sensitivity of T cells to antigen. Overall, miR-181a regu-
lates thymocytes development, modulates TCR signaling
and regulates B cell differentiation [6, 23-25].

Similarly, miR-155 has received a lot of attention in the
recent studies. It is a process from an exon of the non-
coding RNA, bic [26]. Activated B cells, T cells, antigen
presenting cells including macrophages and dendritic cells
express miR-155 in increased levels [16]. It has also been
found to be over expressed in B cell lymphomas, Hodg-
kin’s disease [27, 28] and some solid tumors [26]. This fact
is also corroborated by the other studies which show that
over expression of miR-155 leads to B cell malignancies in
transgenic murine models [29]. These results are highly
suggestive of miR-155 involvement in crucial steps of B
cell differentiation and proliferation. Further consolidating
the findings, studies on miR-155 knockout mice demon-
strated that miR-155 plays an essential role in the regula-
tion of both T and B cells during the acquired immune
response. This was evidenced by the observations that the
mice showed inability to mount an immune response to
pathogens following appropriate immunization [30] despite
being healthy otherwise. Moreover, in the acute immune
response phase, T cells from miR-155 knockout mice
exhibited attenuated IL-2 and IFN-y release in response to
antigenic stimulation [31]. In addition, CD4* T cells from
these mice were intrinsically biased towards Ty2 differ-
entiation, with concomitant production of Ty2 cytokines
[31, 32]. Similarly, other studies also demonstrated that
miR-155 may have a potential role in regulating the
development and function of regulatory T cells (Tregs)
[33]. Interestingly, it was found that although miR-155
knockout mice had normal circulating B cell counts, they
were found to have reduced numbers of germinal centre B
cells, thus explaining the immunodeficiency. Taken toge-
ther, miR-155 seems to be very essential for B and T cells
functions both for normal development and mounting
immune response. The magnitude of the effects on T and B
cells needs to be thoroughly studied in detail in future
studies so as to elucidate and establish the exact role and
place of miR-155 in the immune system.

Similarly, miR-146 has been found to be induced in
response to exposure of human monocytic THP-1 cell lines
and dendritic cells to bacterial lipo-polysaccharides and
IL-1, TNF-alpha [16]. Interleukin-1 receptor-asscoiated
kinase 1 (IRAK1) and TNF receptor-associated factor 6
(TRAF6) have been discovered as the targets of miR-146
and are downregulated with co-expression of miR-146. As
it is known that TRAF6 is crucial in nuclear factor kB

(NF-kB) activation, it seems that miR-146 is important
negative regulator of NF-kB mediated inflammatory path-
way. Interestingly it has also been found to be expressed in
high amounts in regulatory T cells and Tyl cells. More
studies would be required to unravel its role in detail in the
immune response.

Likewise, miR17-92 cluster has been found to be
required for transition of B cell from pro- to pre-B cells
[34]. Moreover, it is required for T cell transition from pro-T
cell to pre-T cell. Pro-apoptotic pathways involving Bim
and PTEN (phosphatase and tensin homolog) are found to
be the targets of the miR-17-92, where it suppress
expression of Bim protein especially in pro-B cells and
antagonize apoptosis [34].

Recently, it has been discovered that miR-182 is
essential for the activation and development of T helper
cells. miR-182 is induced by IL-2 and inactivates the
transcription factor Foxol which is required for the clonal
expansion and further development of T helper cells in
IL-2 dependent pathway [35].

MicroRNAs and autoimmune diseases
MicroRNAs in SLE and ITP

Systemic lupus erythematosus (SLE) is a systemic
inflammatory autoimmune disease characterized by auto-
antibodies against various self-antigens and damage to
major organ systems. The exact cause of SLE remains
unexplained though both genetic predispositions and
environmental influences [36] have been thought to play
roles in the pathogenesis of the disease. Many studies on
the potential relationship between miRNAs and SLE have
not been conducted so far. A study conducted by Dai et al.
[37] examined and compared 35 miRNAs expression in
PBMCs among SLE patients, idiopathic thrombocytopenic
purpura (ITP) patients and healthy controls. It was revealed
that 28 miRNAs were significant in their expression levels
of which 7 miRNAs were down-regulated and 9 miRNAs
were up-regulated in SLE group. Moreover, it was
observed that some miRNAs were directly related with
disease activity. In addition, a negative correlation was
discovered between SLE disease activity index (SLEDAI)
and eight miRNAs. This might imply direct involvement of
miRNAs in the pathogenesis of SLE and has further fuelled
research on the topic. Moreover, the study provided evi-
dence of involvement of the miRNAs in the progress,
recrudescence and organ injury of SLE.

Idiopathic thrombocytopenic purpura (ITP) is an auto-
immune disorder characterized by a low platelet count and
mucocutaneous bleeding [38, 39] and occurs in all ages, in
acute and chronic forms. In the above mentioned study, 19
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related miRNAs were noted, of which 14 miRNAs were
down-regulated and 5 miRNAs were up-regulated. Inter-
estingly, 13 miRNAs were found to have the same
expression patterns both in SLE and ITP. Though it might
be premature to conclude, but these results demonstrated
that these miRNAs might be associated with autoimmune
process in general. Further detailed studies are needed to
clarify above results. The second group demonstrated three
miRNAs, all of which up-regulated or down-regulated in
SLE with no significant changes observed in ITP. These
three miRNAs yet might be a part of or engaged in sys-
temic inflammatory response. The third group which
comprised of six miRNAs was noted to be down-regulated
in ITP only. These miRNAs might be correlated with the
organ specific destruction of thrombocytes. Evidently, the
study has established the presence of miRNAs in ITP but
further studies would clear their roles in the disease.

Again another interesting study was led by Dai et al.
[40] on miRNAs and lupus nephritis (LN). miRNAs of
renal biopsied, LN patients and healthy controls were
isolated and analysed. The study identified 66 miRNAs in
renal samples, of which 30 miRNAs were down-regulated
and 36 miRNAs were up-regulated in LN biopsies.

A comprehensive study conducted by Tang et al. [41]
revealed that under expression of miR-146a might con-
tribute to over activation of the type I interferon (IFN)
pathway in lupus patients. Analysis of the results of the
study unveiled that there were seven miRNAs down-reg-
ulated evidently in SLE patients when compared with
controls. Among these miRNAs, miR-146a had already
been reported to negatively regulate the innate immune
response [42—44]. To verify this fact, miR-146a expression
was examined in a larger group of SLE patients and
controls which yielded significantly lower expression of
miR-146a in lupus patients when compared with normal
controls. Moreover, miR-146a expression levels also cor-
related negatively with SLE disease activity, SLEDAI
scores, and renal SLEDAI scores. Further study demon-
strated that miR-146a appeared to regulate the immune
activation by targeting multiple key signaling proteins in the
type I IFN pathway, thus inhibiting the exaggerated immune
response. When miR-146a was introduced in PBMCs of the
SLE patients, the coordinate activation of the type I IFN
pathway was notably reduced, as revealed by down-regulation
of several IFN-inducible genes. These results suggested that
the manipulation of miR-146a levels could potentially provide
a therapeutic benefit to lupus patients.

Taken together, studies effectively demonstrated that
miRNAs might play important role in the development of
SLE, both during immune regulation and organ injury
processes. The findings also suggest that miRNAs could be
a potential biomarker of the disease and might serve as
potential therapeutic targets for the treatment as well.
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Further detailed studies are required to confirm and clarify
the implications of the above observations.

MicroRNAs in rheumatoid arthritis

Rheumatoid arthritis (RA) is a systemic autoimmune dis-
order characterized by chronic inflammation of synovial
tissue that results in irreversible joint damage [45].
Inflammatory cytokines, including tumor necrosis factor
(TNF)-o and IL-1f have been indentified to play crucial
roles in the pathogenesis of the disease, and inhibition of
these cytokines could ameliorate the disease at least in
subset of patients [46, 47]. Recent studies have profiled the
expression pattern of miRNAs in RA patients. miR-155,
and miR-146a expressions have been found to be upregu-
lated in RA synovial fibroblasts [48]. Moreover, miR-155
expression was higher in RA synovial fluid monocytes as
compared to RA peripheral blood mononuclear cells
(PBMCs). This might be suggestive of miR-155 role in
modulating downstream tissue damage. Similarly, PBMCs
obtained from RA patients exhibited increased expression
of miR-146a, miR-155, miR-132 and miR-16 [49], whereas
no significant difference was noted for let-7a expression.
Furthermore, high expression levels of miR-14a, and miR-16
correlated with disease activity, and low expression levels
correlated with inactive disease. These data provide pre-
liminary evidence of the role of micro-RNAs in RA and
suggest that miR-146a and miR-16 expression levels may
be a used as marker of RA disease activity.

Likewise, miR-124a level was found significantly
decreased in RA synoviocytes when compared with OA
(osteoarthritis) synoviocytes [50]. Transfection of precur-
sor miR-124a into RA synoviocytes significantly sup-
pressed their proliferation and arrested the cell cycle at the
G, phase. miRanda 3.0 was used to search for putative
miR-124a targets. Analysis of the results and other exper-
iments suggested cycling-dependent kinase-2 (CDK-2) and
monocyte chemoattractant protein 1 (MCP-1) mRNA as
the targets of miR-124a. And it was noted that over
expression of miR-124a substantially suppress the expres-
sion of CDK-2 and MCP-1.

In another interesting study [51], miR-15a was found
significantly down-regulated in murine model of induced
arthritis. In addition, the Bcl-2 protein, which had been
demonstrated as the direct target of miR-15a, was also
confirmed to be up-regulated in arthritic mice. To verify
and observe the effects of miR-15a, the mice in the
experimental group were injected intra-articularly with
double-stranded miR-15a-atelocollagen complex and the
control group with siRNA-atelocollagen complex. After
confirming that the double-straded miR-15a had been taken
up by the cells in the synovium, the researchers evaluated
the immunohistochemistry of caspase 3 in order to examine
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cell apoptosis. The expression of caspase 3 was found to be
increased in the synovium of mice in the experimental
group, while the expression of caspase 3 could not be
observed in the control group. The study successfully
induced cell apoptosis by the intraarticular injection dou-
ble-straded miR-15a. This study opens the door for the
possibility of a new treatment strategy in RA.

Another study identified that mature miR-146a and
primary miR-146a/b were highly expressed in RA synovial
tissue along with TNF-« [52]. Cells positive for miR-146a
in synovial tissue were primarily CD68" macrophages, but
also included several CD3™ T cell subsets and CD79a* B
cells. Expression of miR-146a was remarkably up-regu-
lated in RA synovial tissue after stimulation with TNF-«
and IL-18. The results of the study might be suggestive of
miR-146a function in the termination of inflammation
triggered by TNF-o and IL-1p.

MicroRNAs in multiple sclerosis

Multiple sclerosis (MS) is a demyelinating disease of the
central nervous system. miRNAs might play role in the
development and pathogenesis of MS. hsa-miR-96, might be
characteristic of the remitting phase of MS [53]. A gene
ontology analysis with the target genes of miR-96 demon-
strated that miR-96 is involved in the interleukin signaling
pathways and other pathways. These pathways are con-
cerned with activation and regulation of T-cells [54, 55].
Similarly, study suggested that hsa-miR-18b and hsa-miR-
599 might be involved in the relapsing phase of MS.
Recently, Keller et al. [56] identified 165 significantly
dysregulated miRNAs in relapsing-remitting MS (RRMS)
patients when compared with healthy controls. Among
these, 74 miRNAs were up-regulated and 91 were down-
regulated. Significantly dysregulated miRNAs were hsa-
miR-145, hsa-miR-186, hsa-miR-664, hsa-miR-20b,
hsa-miR-442a, hsa-miR-142-3p, hsa-miR-584, hsa-miR-223,
hsa-miR-1275 and hsa-miR-491-5p, altogether ten of them.
Interestingly, nine of them were significantly up-regulated,
while only hsa-miR-20b was down-regulated. Comparing
the results of the studies, seven miRNAs that had high
information content were identified and among these four
miRNAs, hsa-miR-509-3-5p, hsa-miR-34c-3p, has-miR-
214, and hsa-miR-509-5p were highly expressed in healthy
individuals when compared with MS patients whereas
miRNAs, hsa-miR-328, hsa-miR-30a and hsa-miR-30e
were significantly expressed in PBMCs of MS patients.
Yet in another interesting study, Du et al. [57] tried to
explore the relationship between miR-326 and Ty-17 in
MS. Interleukin 17(IL-17)-producing T helper cells, Ty-17
cells, have been identified as distinct subset of effector
helper T cells essential in clearing extracellular pathogens
and responsible for inducing tissue inflammation in various

autoimmune diseases including MS [58]. Study investi-
gated miR-326 as a Ty-17 cell-associated miRNA which
revealed that the expression of miR-326 in CD4™" T cells
highly correlated with disease severity in MS patients and
EAE mice, the animal model of M. The study was first to
suggest that miR-326 might be critically involved in the
pathogenesis of MS by regulating Ty-17 differentiation.
Later on, it was also demonstrated that by targeting Est-1, a
known negative regulator of Ty-17 cells, miR-326 could
promote the generation of Ty-17 cells both in vivo and in
vitro [57].

As evidenced by the study, miR-326 might play an
important role in Ty17 differentiation and thus the patho-
genesis of MS. Besides these, very few studies have
investigated miRNAs expression in MS patients in such
detail and their roles in the development and pathogenesis
of the disease remains obscure. Further studies are needed
in order to ascertain the identification of the dysregulated
miRNAs in MS.

Conclusion and perspective

MicroRNAs seem to play crucial roles in the normal
functioning of the immune system and the pathogenesis of
autoimmune diseases. Certain miRNAs are closely related
with the development and severity of autoimmune diseases
while some of them are involved in the activation, regu-
lation of immunocytes, immune responses and still others
anticipate the organ injury process. But the precise mech-
anism by which miRNAs affect autoimmune diseases still
remains elusive for now, and further elaborative studies
using transgenic animal models along with observations in
human subjects would be needed to appreciate the whole
picture. In the light of current understanding, we emphasize
that miRNAs have the potential to serve as biomarkers, as
well as a new therapeutic target in the management of
autoimmune diseases in the future.
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