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Summary

Biomarkers are indicators of biological conditions that can
be detected and measured in body fluids or tissues. Bio-
markers can be detectable before the clinical onset of the
disease, and are thus useful for prognosis; they can be
measured at early stages of the disease and are useful for
stratification and classification of the disease and patients;
they can be monitored along the disease course and used
as indicators of risk factors and pharmacological response
to treatment. Ideally, biomarkers should be sensitive, spe-
cific, have high predictive power, and be easily accessible.
Rheumatoid arthritis (RA) is the most frequent chronic in-
flammatory disorder, affecting millions of people world-
wide and leading to joint damage and substantial morbidity.
RA is a heterogeneous disorder with a fluctuating clinical
course and unpredictable prognosis. And although a large
panel of biologics is available to clinicians, the main chal-
lenge remains to treat patients as early as possible with the
most personalised therapy. Today, the most challenging is-
sue in RA is the identification of biomarkers for early dis-
ease diagnosis and for prediction of drug response. Among
molecules that can fulfil this expectation, micro(mi)-RNAs
certainly represent an option. The potential value of
miRNAs as a novel class of biomarkers is well documented
in cancer. Moreover, the presence and stability of miRNAs
in body fluids provide fingerprints that can serve as mo-
lecular biomarkers for disease diagnosis and therapeutic
outcome. As a growing body of evidences reveals abnor-
mal expression of specific miRNAs in RA tissues, the use
of a blood-based miRNA signature for optimal diagnosis
and treatment becomes a realistic option.
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Introduction

Rheumatoid arthritis (RA) is the most frequent inflammat-
ory rheumatism. RA is a chronic, heterogeneous disease
of uncertain aetiology that affects more than 2.9 million
Europeans. This autoimmune disease is characterised by
chronic inflammation within the joint tissue infiltrated by
activated immune cells and by synovial hyperplasia, lead-
ing to cartilage and bone destruction after several years.
The clinical course of RA fluctuates and the prognosis is
unpredictable, 70% of patients with RA of recent onset
show evidence of radiographic changes within 3 years [1].
RA is a progressive, debilitating disease with severe phys-
ical and economic consequences, work disability and often
premature death [2]. A better understanding of the patho-
physiology of RA has led to important innovative ap-
proaches to its treatment. Currently, although a large panel
of biologics is available to clinicians, the main challenge
remains to treat patients as early as possible with a therapy
that will best fit their dominant disease subtype.

Current challenges for the treatment
of rheumatoid arthritis

At present, 95% of newly diagnosed RA patients start with
methotrexate monotherapy, which is ineffective in 66%
of patients, and then are switched to (or given in associ-
ation with) other disease-modifying anti-rheumatic drugs
(DMARD) [3]. Treatment with conventional DMARD:s is
often associated with various adverse reactions due to un-
specific and toxic properties [4]. When disease activity
cannot be controlled, genetically engineered proteins tar-
geting specific components of the immune system are used
[5]. Such biologics, together with an improved timing and
dosing of conventional therapy, have largely improved the
outcome of established arthritis in many patients [6, 7], but
not all, and still pose significant problems [8]. At present
a 20% improvement by American College of Rheumato-
logy criteria (ACR20 response rate) can be achieved in

Page 1 of 6


mailto:florence.apparailly@inserm.fr

Review article

60-70% of patients treated with anti-TNF biologics [9], but
the majority of these responders still have some actively in-
flamed joints and complete remission is rare [10]. One ma-
jor problem of the treatment with biologics is the need for
ongoing systemic therapy that provides limited effects in
many patients, with serious potential side effects includ-
ing increased susceptibility to infections and uncontrolled
fevers as well as cardiovascular disorders [11], and very
high cost (EUR 15 000/patient/year), making these new
therapies available to a restricted number of patients. Clin-
ical and serological characteristics alone are insufficient to
predict disease outcome. There are clear unmet medical
needs in RA, and one of the most challenging issues is the
identification of biomarkers for early disease diagnosis and
therapeutic outcome. Among molecules that possess such
potential, micro(mi)-RNAs certainly represent an interest-
ing option to be explored.

Biogenesis of miRNAs

From nematodes to Drosophila or mammals, miRNAs are
an abundant class of endogenous, short non-coding, single-
stranded RNA molecules (19-23 nucleotides) that function
as negative regulators of the expression of protein-encod-
ing genes. Human miRNA genes are located in all chromo-
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Figure 1: MicroRNA biogenesis.

Primary miRNA are transcribed by RNA polymerase Il, processed
by the RNase Il DROSHA into 70—-100 nt-long hairpin, and
exported into the cytoplasm complexed with exportin-5. Once in the
cytoplasm, the pre-miRNA is digested by Dicer to produce the
mature miRNA duplex of 20-22 nt. The miRNA-RISC complex
interacts with the complementary 3’- or 5’-untranslated region
(UTR) of target messenger (m)RNAs and subsequently destabilizes
them, or block their translation.

miRNA: microRNA; pri-miRNA: primary miRNA; pre-miRNA:
precursor miRNA; RISC: RNA-induced silencing complex.Pol Il
polymerase Il, Exp 5: Exportin 5
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somes except Y chromosome and they are non randomly
distributed in the human genome [12]. The majority of
miRNA genes (70%) are found in the introns, in the sense
orientation, and approximately 30% are located in intergen-
ic regions. Approximately 50% of known human miRNAs
are found in clusters and are transcribed by RNA poly-
merase II as mono- or poly-cistronic long primary tran-
scripts, namely primary miRNA or pri-miRNA [13], ran-
ging from approximately 200 nucleotides (nt) to several
kilobases (kb) in length and folded into hairpin structures
containing imperfectly base-paired stems (fig. 1). There
are usually two or three genes per cluster and the largest
cluster is composed of seven genes. Clustered miRNAs
can be functionally related by targeting the same gene or
different genes involved in the same metabolic pathway.
In the nucleus, pri-miRNAs are cleaved by the DROSHA
RNase III endonuclease into 70-100 nt-long hairpin with
a monophosphate at the 5’ terminus and a 2-nt overhang
with a hydroxyl group at the 3’ terminus called pre-miRNA
[14]. The pre-miRNAs are transported to the cytoplasm by
the Exportin-5 and its RAN-GTP cofactor [15]. The pre-
miRNAs are further digested by Dicer, another RNase 111
endonuclease, along with its partner protein TRBP (trans-
activator RNA binding protein) to produce the mature
miRNA/miRNA* duplex of 20-22 nt [16]. Dicer cuts both
strands at about two helical turns away from the base of the
stem loop of the pre-miRNA. The duplex is unwound by
a helicase and the miRNA “guide” strand, currently iden-
tified as the 5’ terminus that is energetically less stable,
is then selected for incorporation into the RISC (RNA-
induced silencing complex), while the “passenger” strand
(miRNA¥*) is released and degraded [17]. Occasionally,
both arms of the pre-miRNA hairpin give rise to mature
miRNAs.

MicroRNA mode of action

Following cleavage by Dicer, the miRNA pathway is bio-
chemically very similar to the RNA interference (RNAi)
known as an RNA silencing pathway widespread from
plants to animals. The actions of the miRNA guide strand
are mediated by the catalytic component of the ribonuc-
leoprotein (miRNP) RISC complex formed by a member
of the Argonaute family (Ago) and a number of unknown
accessory factors. RISC acts to downregulate the trans-
lation of target mRNA by mechanisms of either mRNA
cleavage or translational repression, depending on the per-
fect or incomplete complementary between the miRNA
guide strand and its mRNA target. It is believed that most
of the miRNAs typically mediate translational repression
rather than mRNA cleavage. Among the Ago family pro-
teins, only Ago2 is able to cleave the target by endonuc-
lease activity [18]. All other Ago proteins mediate transla-
tional repression by imperfect complementary between the
miRNA guide strand and the target mRNAs. In that case
the expression of targeted genes is evidenced at the pro-
tein level without decreased mRNA levels. Alternatively,
repressed mRNAs are relocated for storage into specific in-
tracellular organelles called P-bodies, where miRNAs and
associated proteins are co-localised [19].
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In general, the complementary miRNA binding sites are
located in the 3’ untranslated regions (UTRs) of the target
mRNAs. Recent publications, however, show and predict
that miRNAs might also interact with complementary se-
quences residing in the 5’UTR or the promoter and even
the CDS regions of target genes [20-22]. Based on compu-
tational predictions, different miRNAs are believed to reg-
ulate the same targets, either on different sites or competing
for the same location, leading to the concept of co-action
or competition. For a miRNA to exert down regulation of
gene expression, the most stringent requirement is a con-
tiguous and perfect base pairing of the miRNA nucleotides
2-8, representing the “seed” region which nucleates the in-
teraction, with the target mRNA sequence. The “seed” rule
and its conservation among species are among the criter-
ia used by computational miRNA target-gene prediction
methods freely available on the internet [23]. They present
limitations, however, showing that our actual knowledge of
the mode of action of miRNAs is still incomplete and that
many exceptions to the rules might exist.

Biological significance of miRNA-
mediated gene regulation

There are at least 1000 predicted miRNAs in the human
genome, representing ~0.0001% of the total genome, and
predicted to regulate the expression of 10-60% of our
protein-encoding genes, depending on the target prediction
method used. This gene silencing pathway that regulates
genetic programmes at the post-transcriptional level in a
sequence-specific manner thus appears to play an import-
ant role in regulating gene expression and adds another
layer of complexity to already known regulatory systems.
By controlling the accumulation of the target protein(s) in
cells, miRNAs have key functions in many physiological
networks. They are involved in the regulation of almost
every cellular process investigated so far, including dif-
ferentiation, apoptosis, proliferation and metabolism [24].
Some miRNAs are widely expressed (miR15 and miR16)
while others are expressed in a tissue-specific manner
(miR122 and miR-142-3p) [25].
miRNAs is dynamically regulated during development,

The expression of

and although the function of most of the mammalian
miRNAs has yet to be determined it appears that dereg-
ulation of this genetic regulatory network is associated
with serious human disorders, including cancer. miRNA-
encoding genes are commonly located within cancer-asso-
ciated regions and a specific nomenclature has emerged to
describe their implication in cancers, including oncomir,
metastamir, apoptomir. It is therefore likely that miRNAs
are also implicated in the pathogenesis of many human dis-
eases, for which they might have promising biomedical po-
tential [26].

miRNAs in rheumatoid arthritis

In 2007, the first indirect evidence was provided by a pub-
lication linking a key cellular component of the RNAi ma-
chinery (Argonaute 2) to RA. Indeed, autoantibodies de-
tected in the serum of RA patients showed specificity for
the Ago2 protein and other components of the P-bodies, a
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unique cytoplasmic structure involved in mRNA process-
ing and RNAIi [27]. From 2008, when three studies repor-
ted the up-regulation of specific miRNAs either in the cir-
culation (miR-16, miR-132, miR-146a and miR-155, [28])
or within the inflamed joints (miR-146a and miR-155, [29,
30]), up to now the abnormal expression of 10 miRNAs
has been documented in RA patients (table 1, [28-37]).
Three of them are downregulated and six upregulated, with
several convergent studies confirming the upregulation of
miR-16, miR-146a, miR-223 and miR-155. With only one
miRNA, studies have shown apparently conflicting results,
miR-132 being highly expressed in PBMCs isolated from
RA blood [28] but decreased in plasma samples [34] as
compared with control donors. This apparent discrepancy
is perhaps due to the fact that miRNAs expressed by blood
cells are not necessarily found in plasma or serum. In fact,
only a few of them are detectable in serum or plasma, and
this will be the subject covered by the following paragraph.
Although a role for miR-132 has been mainly described in
neuronal morphogenesis, recent work suggests a regulatory
role in innate antiviral immunity [38]. Lagos et al. showed
that miR-132 mediates an antiinflammatory effect by in-
hibiting the expression of the p300 transcriptional co-activ-
ator, thus impairing the downstream expression of IFN-f,
ISG15, IL-1p and IL-6.

The abnormal abundance of miR-16, miR-146a, miR-223
and miR-155 both systemically and within inflamed RA
joints is not really surprising. Indeed, miR-16 and miR-223
are among the most abundant miRNAs in the blood, prob-
ably because of their higher expression levels by PBMCs,
and miR-146a and miR-155 are shown upregulated in sev-
eral immune-mediated inflammatory disorders. Indeed,
miR-16 is ubiquitously expressed at high levels and several
groups evidenced dysregulated expression of the miR-15/
16 clusters in various lymphoid and myeloid malignancies.
This cluster plays very important roles in regulating cell
proliferation and apoptosis by targeting cell cycle proteins
and the antiapoptotic genes. Its high expression levels in
RA blood [28, 34] might reflect an increase in global cel-
lularity in blood, a systemic enrichment of specific haema-
topoietic lineages and/or a true deregulated expression of
miR-16 in specific cell types. Interestingly, two groups
have correlated a higher expression level of miR-16 in
plasma [34] or PBMCs [28] from RA patients as compared
with healthy donors, with DAS28, suggesting that miR-16
might be used as a biomarker of RA disease activity.
Serum miR-223 is already proposed as a potential biomark-
er for sepsis [39] and is now shown expressed in high-
er levels in RA samples than in OA tissues, and inversely
correlated with tender joint count [34]. miR-223 is chiefly
known for its role in innate immunity, mainly in granu-
lopoiesis, and upregulation of miR-223 is documented in
myeloid leukaemia [40]. However, miR-223 is enriched in
resting CD4+ T cells as compared to activated CD4+ T
cells, and Fulci and coworkers showed that miR-223 is the
only miRNA that is markedly upregulated in peripheral na-
ive CD4+ T-lymphocytes from RA patients compared with
healthy donors [32].

Finally, miR-146a and miR-155 are the most frequently
reported miRNAs deregulated in RA samples including
blood, plasma [34], synovial fluid, PBMCs [28], CD4+ T
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cells [33, 36] isolated from the blood or the synovial fluid,
or RA-FLS [29, 30]. Increased miR-146a expression levels
are correlated with active disease in RA patients [28]. They
are both involved in the development of innate and ad-
aptive immune cells, and numerous studies report their
upregulation in inflammatory conditions [41, 42]. Both
miR-146a and miR-155 are induced in lymphoid and myel-
oid cells in response to a variety of microbial components
and pro-inflammatory cytokines, where they are con-
sidered to play a role in fine-tuning immune responses
through negative feedback loops on genes induced by in-
flammatory cascades [43]. It is thus not really surprising
that first studies on miRNAs in RA investigated these two
specific miRNAs.

Detection of miRNAs in body fluids

Since 2008 several studies have evidenced the possibility
of detecting miRNAs in body fluids including serum,
plasma, urine, saliva, tears, amniotic and placental fluids,
thus opening up major opportunities for a novel type of dia-
gnostic molecules [44—46]. Since RA is a systemic chron-
ic inflammatory disorder for which peripheral blood gene
expression signature has been reported and molecular bio-
markers are of great interest, identification of miRNA-
based signatures is indeed a major issue. Most of the stud-
ies supporting the clinical utility of miRNAs as biomarkers
in body fluids or diseased tissues have been conducted in
cancer. High concentrations of cell-free miRNAs originat-
ing from the primary tumour have been found in the plasma
of cancer patients, and several lines of evidence indic-
ate that circulating miRNAs represent a promising source
of cancer biomarkers [47]. Indeed, correlations between
miRNA expression levels and the development of malig-
nancies, disease severity and aggressiveness, metastatic po-
tential, therapeutic response and survival are reported in
various cancer types. Interestingly, tumour-associated
miRNomes appear highly tissue-specific.

The detection of miRNAs in serum was quite unexpected
as RNA molecules are unstable in the circulation. Studies
[44, 46, 48] showed that miRNAs exhibit high stability in
the serum and plasma as they circulate within membrane
vesicles such as exosomes or microparticles which protect
them from endogenous RNase activity [49]. These mi-
crovesicles are resistant to drastic conditions and express
tissue-specific markers. Although it is easily accessible and
of great interest for new biomarker discovery, very few

Table 1: microRNAs deregulated in rheumatoid arthritic tissues.
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studies report the optimisation of extraction and detection
of miRNAs in plasma or serum [45, 46]. Several technical
challenges in miRNA extraction, detection and quantifica-
tion in serum or plasma are still underinvestigated. More-
over, all the miRNAs detected in total blood samples are
not found in serum or plasma, and/or the low concentration
of most of the miRNAs in serum or plasma precludes their
detection, thus limiting the panel of miRNAs for solid pro-
filing. Indeed, it is currently estimated that 20 miRNAs
are needed for solid definition of biomarker signatures.
For all these reasons, and mainly technical reasons, whole
blood profiling is to be definitively the main focus in future
studies on biomarker discovery, as opposed to plasma- or
serum-based signatures. Although it seems to be very
close, many more studies are needed before the use of
miRNAs can fulfil criteria for their use as reliable tools in
diagnostic and prognostic settings.

miRNAs as biomarkers for RA
management

Currently, autoantibodies, markers of cartilage degradation
and inflammation, genetic and transcriptomic markers have
been identified in RA. However, due to the lack of reliable
markers for classification and prediction of disease out-
come in RA, the search for additional biomarkers is highly
needful. Although the potential value of miRNAs as mo-
lecular biomarkers for diagnosis, prognosis of disease out-
come, and prediction of therapeutic response is widely doc-
umented in cancer, it is still largely unexplored in RA.
The identification of abnormal miRNA expression in the
circulation or inflamed joints of RA patients is still in its
infancy and needs to be developed. Many more studies will
be required to establish a miRNA-based signature in the
circulation of RA patients that could be used by clinicians
as biomarkers, not only in RA but also in other rheumatic
disorders including OA [50]. Until now there has been only
one publication in which the concentrations of 5 miRNAs
in RA patients’ body fluids are measured, bringing the
first proof for the use of miRNA biomarker potential in
RA [34]. However, this study shows that only miR-132
plasma concentrations were significantly lower in RA than
in healthy donors, but certainly not useful as diagnostic
biomarkers since not correlated with DAS28 (28-joint
Disease Activity Score) and not disease-specific since also
significantly lower in OA plasma than in healthy donors.
More urgently than diagnosis, biomarkers predicting drug

miR16 miR124a miR132 miR146a miR155 miR203 miR223 miR346 miR363 miR498

Joint ST + + + +

FLS - + + + +

SF + + + +

CD4+ + - -

Ref. (34) (35) (34) (29,30,34) (30,34) (37) (32,34) (31) (33) (33)
Blood PBMC + + + + +

Serum + - + + +

Plasma

CD4+ + + — -

Ref. (28,34) (28,34) (28,33,34,36)  (28,34) (32,34) (33) (33)

Abbreviations: ST, synovial tissue; FLS, fibroblast-like synoviocytes; SF, synovial fluid; CD4+, T cell lymphocytes positive for the CD4 phenotypic marker; and PBMC,
peripheral blood mononuclear cells. (+) increased or (-) decreased expression levels
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efficacy are definitely required for optimal management of
RA patients.
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