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SYSTEMATIC REVIEW AND META-ANALYSIS

Role of Micro RNAs in the Pathogenesis of
Rheumatoid Arthritis

Novel Perspectives Based on Review of the Literature

Xiu-Min Chen, MD, PhD, Qing-Chun Huang, MD, PhD, Sheng-Li Yang, MD, PhD, Yong-Liang Chu, MD,
Yu-Hong Yan, MD, PhD, Ling Han, PhD, Yu Huang, PhD, and Run-Yue Huang, MD, PhD

Abstract: The contributions of micro RNAs (miRNAs) to rheumatoid
arthritis (RA) are beginning to be uncovered during the last decade.
Many studies in efforts to use miRNAs as biomarkers in disease
diagnosis, prognosis, and treatment are ongoing.

We conducted a systematic literature review to reveal the role of
miRNAs in the pathogenesis of RA in order to inform future research.

We analyzed all the literature which is searched by keywords
““microRNA’’ and ‘‘arthritis’> in PubMed from December 2007 to
June 2015, and the references cited by the articles searched were also
considered.

Relevant literature focusing on the field of miRNAs and RA was
identified. The searching process was conducted by 5 independent
investigators. The experts in the field of miRNAs and Rheumatology
were involved in the process of analyzing.

Relevant literature was analyzed according to the objective of this
review and the availability of full text.

The crucial role of miRNAs in maintaining immune and inflam-
matory responses is revealed. In addition, it is now clear that miRNAs
are implicated in the development of RA synovial phenotype including
synovial hyperplasia and joint destruction. Intriguingly, the biomedical
application of several miRNAs may result in the effects of ‘“double-
edged sword.”” Moreover, there appears to have a feedback loop for
expression of some miRNAs related to disease activity in inflammatory
milieu of rheumatoid joint.

This review underscores the potential importance of miRNAs to
diagnosis, prognosis, and treatment of RA. Further investigations are
required to identify the unique miRNAs signatures in RA and charac-
terize the mechanisms mediated by miRNAs in the pathology of RA.
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MMPs = matrix metalloproteinases, NF-kB = nuclear factorkB,
PBMCs = peripheral blood mononuclear cells, qRT-PCR =
quantitative reverse transcription-polymerase chain reaction, RA
= rheumatoid arthritis, TNF = tumor necrosis factor.

INTRODUCTION

here have been only few events in the history of molecular

biology that could be compared with the discovery of micro
RNAs (miRNAs) and their roles in cell physiology and the
pathogenesis of human diseases." MiRNAs are a group of
approximately 20 to 22 nucleotides noncoding RNAs and have
been proven to regulate gene expression at the posttranscrip-
tional level.>® In addition, miRNAs exhibit tissue-specific or
developmental stage-specific expression patterns and are
associated with diverse biological events such as cell growth,
gp(z‘pstosis, cell differentiation, cancer, and autoimmune arthri-
tis.”™

Rheumatoid arthritis (RA) is a most common autoimmune
disease that affects 0.5% to 2.0% of the human population
worldwide.®” Progression of RA will finally lead to joint
destruction, functional disability, and sometimes death.®° How-
ever, the etiology and pathogenesis of RA remain largely
unknown, and thus there are no satisfactory therapeutic strat-
egies to cure this disease so far.'®!" Tt is well known that the
pathology of RA is characterized by synovial lining cell hyper-
plasia and irreversible joint destruction because of chronic
synovial inflammation.”'? RA synoviocytes is considered as
the effector cells of cartilage and bone destruction.'® Resident
cells in rheumatoid joints, such as RA synovial fibroblasts and
fibroblast-like synoviocytes (FLS), play a crucial role in RA.'
These cells show an “‘intrinsically’” activated and aggressive
phenotype, which results in the increased production of matrix
metalloproteinases (MMPs) and adhesion molecules that play a
key role in joint bone destruction.'*'*

In the past few years, the importance of miRNAs in the
pathogenesis of RA has been elucidated.'> MiRNAs have been
demonstrated to play an important role in inflammatory
responses, cell proliferation of synoviocytes, and production
of MMPs in rheumatoid joints.'? For instance, recently a series
of miRNAs were identified to be dysregulated in cell subsets
within the articular compartment of patients with RA,'® and
more recently several studies suggest that miRNAs regulate
leukocyte activation and cytokine production that in turn con-
tribute to the immunologic component of effector synovial
pathology.'® Importantly, therapeutic trials aimed at targeting
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miRNA in arthritis have been conducted in in vivo models.>'?

Thus, targeting miRNA will enable a new advanced strategy
toward arthritis treatment.'? In this review, we analyzed the
roles of miRNAs in immune and inflammatory responses, as
well as RA synovial phenotype including synovial hyperplasia
and joint bone destruction.

ETHICAL REVIEW

The study presented here is a literature review and it does
not need any ethical approval. This study does not involve
interaction with any human subjects and does not collect any
identifiable private information.

METHODS

Relevant literature focusing on the field of miRNAs and
RA was identified through searching in PubMed (MEDLINE)
database by keywords ‘“‘microRNA” and ““arthritis” from
December 2007 to June 2015. There were no limitations
imposed on language and study types. The references cited
by the articles searched were also analyzed.

Five independent investigators (contributing authors), R-
YH, X-MC, S-LY, Y-HY, and YH, conducted the searching
process. The experts in the field of miRNAs, LH (contributing
author) and C-JL (acknowledged in the section of acknowl-
edgment), as well as the experts in Rheumatology (contributing
authors), Q-CH, Y-LC, and R-YH, were involved in the process
of analyzing the role of miRNAs in RA pathogenesis. Relevant
literature was chosen according to the objective of this review
and the availability of full text.

Role of miRNAs in Immune and Inflammatory
Responses

Through regulating the expression of many genes, miR-
NAs play a crucial role in maintaining immune system devel-
opment and function, and may participate in the development of
numerous autoimmune diseases.'”'® It is now clear that inflam-
matory cytokines, interleukin-17 (IL-17) for instance, promote
inflammatory autoimmune diseases,'® and it has been found that

6 miRNAs, let-7a, miR-26, miR-146a/b, miR-150, and miR-
155, are significantly up-regulated in the IL-17 producing T
cells.”® In addition, miR-146a, miR-155, miR-132, and miR-16
are increased in peripheral blood mononuclear cells (PBMCs)
from RA patients, as compared with healthy control patients.>’
The tissues or cells that are main sources of miRNAs in RA are
shown in Table 1. Among those miRNAs, miR-146a has been
well elucidated to be a regulator of immune and inflammatory
responses, and it has been demonstrated to be strongly
expressed in synovial tissue, synoviocytes, PBMCs, and other
IL-17 expressing cells from patients with RA.?°~?* By using
quantitative reverse transcription-polymerase chain reaction
(qRT-PCR), a research team determined the expression of
miR-146 in synovial tissues obtained from 5 patients with
RA, 5 patients with osteoarthritis (OA), and 1 normal patient.**
The results showed that mature miR-146a and primary miR-
146a/b, company with tumor necrosis factor (TNF)-a, are over-
expressed in RA synovial tissues, as compared with OA and
normal synovial tissues.* This study further demonstrated that
primary miR-146a is mainly expressed in cells of the superficial
and sublining layers in synovial tissues from RA patients.** In
this study, cells positive for miR-146a are primarily CD68-+
macrophages. In addition, miR-146a is also expressed in several
CD3+ T cell subsets and CD79a+ B cells.* Moreover, the
expression profile of miRNAs in CD4+ T cells from synovial
fluid and peripheral blood of 33 patients with RA was deter-
mined in another study by microarray assay and validated by
gRT-PCR analysis.?® The results showed that the expression of
miR-146a is significantly up-regulated in CD4+- T cells of RA
patients, and its level is positively correlated with the level of
TNF-o.>> Importantly, TNF-« is able to increase miR-146a
expression in T lymphocyte cells.>> Moreover, it is reported that
over-expression of miR-146a can suppress apoptosis of Jurkat T
cells, an immortalized line of human T lymphocyte cells.?®
Transcriptome analysis of miR-146a over-expression in T cells
has identified FAS associated factor 1 as an miR-146a-regulated
gene, which is critically involved in modulating T cell apop-
tosis.>> All together, these data strongly indicate that miR-146a
is associated with inflammation and regulates cell proliferation
of immune-regulated cells. Thus, a positive role of miR-146a in

TABLE 1. Tissues or Cells That are Main Sources of miRNAs in RA

Tissues or Cells

miRNAs

T and B lymphocytes:
CD79a+ B cells
CD3+ T cell subsets
CD4+ T cells
IL-17 producing T cells
RA synovial tissue:
Resident synovial cells:
RA synoviocytes
RA synovial fibroblasts
RA fibroblast-like synoviocytes
Other inflammatory cells
CD68+ macrophages
RA synovial fluid monocytes
RA synovial CD14+ cells
Peripheral blood mononuclear cells

miR-146a

miR-146a

miR-146a and miR-21

miR-146a/b, miR-155, miR-26, miR-150, and let-7a
miR-146a, miR-15, and miR-223

miR-124a
miR-146a/b, miR-155, miR-323-3p, miR-34a”, and miR-203
miR-19a/b

miR-146a

miR-155

miR-155

miR-146a, miR-155, miR-132, and miR-16

RA=rheumatoid arthritis.
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immune and inflammatory responses of RA is revealed, and it
may hold the potential to be novel target for RA therapy.

In addition to the therapeutic target, miR-146a could also
be used as a biomarker for prognosis of RA, as the increased
miR-146a is found to be positively correlated with TNF-a and 2
disease activity indicators, erythrocyte sedimentation rate and
disease activity score in 28 joints, in patients with RA.%’

Of note, several other miRNAs have also been addressed to
regulate immune or inflammatory responses in patients with RA
(Table 2). For example, it is reported that miR-19a/b can act as
the negative regulators of inflammation in humans.'* In
addition, miR-21 was demonstrated to have a role in maintain-
ing the balance between immune activation and tolerance.”®
Recently, the gene encoding miR-323-3p, a biomarker in
immune and inflammatory responses, was found to be increased
in RA synovial fibroblast.?® In addition to these miRNAs, miR-
155 has powerful regulatory potential in a wide variety of
immune cells.*® For example, it is reported that compared with
PBMCs from RA, synovial fluid monocytes obtained from RA
patients displayed higher levels of miR-155.' In addition,
microarray analysis of miRNAs expressed in synovial fibroblast
treated with TNF-a revealed a significant up-regulation of miR-
155,' whereas repression of miR-155 in RA synovial CD14+
cells reduced expression of TNF-a.*? These observations
strongly suggest a positive correlation between miR-155 and
inflammation in rheumatoid joints. Moreover, miR-155-
deficient mice showed the resistance to collagen-induced arthri-
tis, with profound suppression of antigen-specific Th17 cells
and autoantibody responses,” ™~ supporting a view of that miR-
155 is essentially involved in the immune reactions leading to
autoimmune  arthritis.>® Therefore, miR-155 may provide
another novel target for the treatment of patients with RA.
The further understanding the role of these miRNAs could shed
light on the cause and progression of RA and eventually lay the
groundwork for therapeutic options.>*

Role of miRNAs in Synovial Hyperplasia

Synovial hyperplasia is a phenotypical manifestation of
RA.* Resident cells in rheumatoid joints, synovial fibroblasts,
and FLS, in principle, are characterized by a resistance to
apoptosis, and this contributes to tumor-like cell proliferation
and the related synovial hyperplasia.”*®” Proliferation of RA
resident cells plays a crucial role in the progression of RA, as
these cells produce inflammatory cytokines, chemokines, and
angiogenic factors, which are critically involved in inflamma-
tory responses and joint destruction in patients with RA.>'

Several lines of evidence have suggested the role of
miRNAs in proliferation of resident cells in rheumatoid joints.
For instance, it is found that basal expression level of miR-34ax
is reduced in RA synovial fibroblasts from RA patients com-
pared with OA patients, and importantly the decreased expres-
sion of miR-34ax results in up-regulation of its direct target X-
linked inhibitor of apoptosis protein, thereby contributing to the
resistance of RA synovial fibroblasts to apoptosis.® On the
contrary, miR-15a is reported to induce cell apoptosis by
negatively regulating the expression of B-cell lymphoma 2
(Bcl-2), which suppresses the apoptotic processes.” In this
study, Nagata et al established a model of autoantibody-
mediated arthritis in male DBA/1J mice. The double-stranded
miR-15a was injected into the knee joint, and they found that
Bcl-2 protein was down-regulated and the expression of cas-
pase-3 was increased as compared with that in the control
group.” Furthermore, in another study, by using quantitative
stem-loop RT-PCR, synoviocytes derived from surgical speci-
mens obtained from RA patients were compared with those
obtained from OA patients for the expression of a panel of 156
miRNAs.* The results showed the dramatical decrease of miR-
124a in RA synoviocytes as compared with OA synoviocytes.
The transfection of precursor miR-124a into RA synoviocytes
significantly suppressed cell proliferation and arrested the cell
cycle at the G1 phase.39 Therefore, miR-34a*, miR-15a, and

TABLE 2. Role of Several Well Characterized miRNAs in Pathogenesis of RA

Immune and Inflammatory
Responses

Hyperplasia

Joint Bone
Destruction

Synovial

Regulation of
T Lymphocytes

Inflammatory

miRNAs Response

Apoptosis

Cellular
Proliferation

Matrix
Metalloproteinases

Osteoclasts
Generation

miR-146a
let-7a
miR-26
miR-146b
miR-150
miR-132
miR-16
miR-21
miR-323-3p
miR-155
miR-34a"
miR-15a
miR-124a
miR-223 +
miR-19a/b
miR-203 +

+

+ +

+tH+++++++

-

-+ =positive regulator, — = negative regulator.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

www.md-journal.com | 3



Chen et al

Medicine * Volume 94, Number 31, August 2015

'Doub}e*edged sword ’

Suppress

[Inflammlory responses

1T

T [ymphocyles proliferation

NF-a|pha production

Gene therapy with
these miRNAs?

miR-146a
miR-223
miR-155

Aggravate

|:>[ Joint destruction ]

Osteoclastogenesis
Matrix
metalloproteinases

Repress

FIGURE 1. “Double-edged sword” miRNAs in RA. MiR-146a, 155, and 223 have opposite roles in regulating RA pathogenesis. These
miRNAs are positively correlated with disease activity through stimulating inflammatory response. On the contrary, they play a role in
suppressing joint destruction. The opposite roles of miRNAs give us a lesson to focus more carefully on therapeutic and diagnostic

applications of these miRNAs in RA. RA=rheumatoid arthritis.

miR-124a are all the negative regulators for synovial hyperpla-
sia in patients with RA (Table 2).

Role of miRNAs in Joint Bone Destruction

Joint destruction is a frequent and clinically serious event in
patients with RA, and it is closely related to synovial hyperplasia
and joint inflammation.***%*! T lymphocytes, monocytes, and
synovial fibroblast have been identified as the sources of local
joint destruction-related signals of osteoclast differentiation in
RA patients.40 In addition, MMPs are considered as the markers
of joint damage progression of RA.***3

Over the past years, several miRNAs related to osteoclas-
togenesis (osteoclast generation) and MMPs release have been
defined (Table 2). For example, it is reported that the increased
miR-146a inhibited bone destruction through suppressing
osteoclastogenesis, and administration of double-stranded
miR-146a prevented joint destruction in arthritic mice.”
Because miR-146a is positively correlated with inflammatory
responses and disease activity of RA, as stated above, the
negative role of miR-146a in joint destruction makes it to be
a “‘double-edged sword”” when considering using miR-146a as a
diagnostic and therapeutic marker (Figure 1).

There is another example for the opposite roles of miRNA
in pathogenesis of RA (Table 2). Two research teams focusing
on the molecular mechanisms mediated by miR-223, but 2
stories were developed in opposite ways.** One team demon-
strated that miR-223 is intensely expressed in the synovium of
patients with RA, and over-expression of miR-223 suppresses
osteoclastogenesis in vitro,* whereas another team showed that
lentivirus-mediated silencing of miR-223 can reduce osteoclas-
togenesis and bone erosion of mice arthritis induced by col-
lagen.*® Therefore, the question raised is why there are opposite
roles of 1 miRNA in the pathogenesis of bone destruction of
RA? There should be more researches in this field to clarify the
complexity of miRNAs functions.

The complexity of miRNAs functions is also supported by
the opposite roles of miR-155 in joint destruction of RA
(Table 2). It is demonstrated that enforced expression of
miR-155 in RA synovial fibroblasts suppressed the induction
of MMP-3 and MMP-1 by Toll-like receptor ligands and
cytokines,?" indicating a protective role of miR-155 in joint
destruction of RA. However, in a model of K/BxN serum-
transfer arthritis, the deficiency of miR-155 significantly
reduced local bone destruction, attributed to reduced generation
of osteoclasts, although the severitgf of joint inflammation was
similar to that in wild-type mice.>

4 | www.md-journal.com

Compared with those miRNAs, roles of miR-19a/b and
miR-203 are not paradox in bone destruction pathology of RA
(Table 2). RA FLS plays a key role in joint destruction and is
believed to spread RA to unaffected joints.'* By using the
miRNA microarray analysis, Philippe et al'* demonstrated
down-regulation of miR-19b in activated RA FLS. MiR-19b
and miR-19a belong to the same cluster. Transfection of RA
FLS with miR-19a/b mimics dramatically decreased the
release of IL-6 and MMP-3, suggesting a role of miR-19a/b
in protecting RA patients from joint inflammation and destruc-
tion.'* In addition, it is reported that the expression of miR-203
is higher in RA synovial fibroblasts than in OA synoviocytes or
fibroblasts from healthy donors.*” The enforced levels of miR-
203 lead to increased secretion of MMP-1 and IL-6 via the
nuclear factor (NF)-kB pathway, and thereby contributing to
the activated synovial phenotype of RA.*” The opposite effects
of miR-19a/b and miR-203 in joint destruction are therefore
revealed.

CONCLUSION

In summary, although only a very small fraction of miR-
NAs is characterized in the pathogenesis of RA (Table 2),
evidence in support of the therapeutic potential of miRNA-
based strategies is growing, as demonstrated by several thera-
peutic trials aimed at targeting miRNA in in vivo models of
arthritis.>!2-?

Of note, in addition to promoting cytokines production, the
expression of miR-146a/b can be markedly up-regulated in RA
synovial fibroblasts following stimulation with TNF-a and IL-
1B.2* Moreover, expression of miR-155 in RA synovial fibro-
blasts can also be induced by TNF-a and IL-1B.%' Thus, it
appears that not only miRNAs contribute broadly and actively
to various aspects of RA pathogenesis, but also the inflamma-
tory milieu may alter miRNAs expression profiles in resident
cells of RA joints (Figure 2). Furthermore, there is a recent
study demonstrating the roles of target miRNAs in modulating
NF-kB activity and restorin% transrepression of an NF-kB
reporter by dexamethasone,” suggesting that, as a widely
expressed transcription factor, NF-kB may be responsible for
the production of cytokines and other inflammatory factors by
miRNAs in autoimmune arthritis. Collectively, all the evidence
presented here reveals a feedback loop for expression and
functions of miRNAs, by which miRNAs contribute to inflam-
matory reactions, synovial phenotype, and bone destruction in
rheumatoid joints (Figure 2).

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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Rheumatoid joint
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FIGURE 2. MiRNAs in inflammatory milieu of rheumatoid joint.
Roles of several miRNAs in T cell proliferation, apoptosis, and cell
cycle of synovial cells and joint destruction are depicted. Impor-
tantly, there appears to have a feedback loop by which miRNAs
contribute to inflammatory reactions and synovial phenotype in
rheumatoid joints. Through NF-«B pathway, some miRNAs such as
miR-146a and miR-155 may stimulate the release of pro-inflam-
matory cytokines such as TNF-a, IL-18, and IL-17. As the inflam-
matory mediators, these cytokines can induce lymphocytes,
resident synovial cells and other inflammatory cells to produce
miRNAs that related to disease activity of RA patients. Bcl-2 =B-
cell ymphoma 2, FAF1 = Fas associated factor 1, MMPs = matrix
metalloproteinases, NF-kB=nuclear factorkB, XIAP=X-linked
inhibitor of apoptosis protein.

Future Perspectives

Although several miRNAs have been found to contribute
to various aspects of RA pathogenesis and hold great thera-
peutic potential, unique miRNA signatures in RA are not found
yet. For example, it has been demonstrated that miR-155 has
powerful regulatory potential in a wide variety of immune cells
through targeting specific mRNAs.*° In addition, miR-323-3p is
found to be increased in RA, but it is also a biomarker in
immune and inflammatory responses.”® Because pathogenic
immune cells and inflammatory responses play a pivotal role
in pathogenesis of many types of autoimmune diseases, these
miRNAs are not specific for RA pathogenesis, which is further
supported by a recent study showing a positive association of a
genetic variant in a miRNA-146a target with psoriatic arthri-
tis.*” Therefore, discovery of perfect biomarkers for RA diag-
nosis and treatment is still a dream of rheumatologists.

It is well known that miRNAs are one of species of small
RNA and belong to family of noncoding RNAs. Research in
small RNA/noncoding RNA is still in its infancy. Recent reports
have described an intricate interplay among diverse RNA
species, including protein-coding mRNAs and noncoding
RNAs such as long noncoding RNAs, pseudogenes, and circular
RNAs.>® These RNA transcripts communicate with and co-
regulate each other by competing for binding to shared miR-
NAs.>%3! Understanding the cross-talk between miRNAs and
other noncoding RNAs will lead to the significant insight into
gene regulatory networks implicated in the pathogenesis of RA.

Collectively, the identification of specific miRNAs expres-
sion patterns in RA as well as a comprehensive understanding of
the role of miRNAs in RA pathogenesis offers promise of not

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

only novel molecular diagnostic markers but also new gene
therapy strategies for treating RA and other autoimmune
arthritis.”
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