.4
oy

ERURJ 2023, 2, 4, 699 - 722

(Review)

The Role of MicroRNAs as diagnostic biomarkers in Rheumatoid
arthritis

Nada R. Mohamed®”, Gamil M. Abd-Allah!

!Department of Biochemistry, Faculty of Pharmacy Egyptian Russian University, Cairo 11829,
Egypt.

*Corresponding author: Nada R. Mohamed, E-mail: nada_raafat@eru.edu.eq,

Received 19th June 2023, Revised 5th July 2023, Accepted 27th October 2023
DOI: 10.21608/ERURJ.2023.218067.1042

ABSTRACT

Rheumatoid arthritis (RA) is an autoimmune inflammatory disease. Approximately 1% of
the world's population and 0.29% of Egyptians suffer from this disease. It is accompanied by
ongoing inflammation and synovium hyperplasia, which, if left untreated, can cause severe joint
degeneration and abnormalities. This disease's etiology is still unknown; however, RA
development is significantly influenced by several genetic and environmental variables. Even
though various treatments are accessible to the clinician, they are prone to failure or limited
responses, seldom attain long-term remission, as well as are accompanied by systemic
complications. Therefore, recent research on the epigenetics of RA has mainly focused on
microRNA (miRNA) dysregulation in the disease, explains various RA pathophysiology features,
and reveals new biomarkers for the diagnosis and prognosis of RA. Here, we reviewed the data
on the deregulations of miRNA expression in RA that are currently accessible and discussed their

potential as diagnostic biomarkers for patients with RA.

Keywords: Rheumatoid arthritis, MicroRNAs, RA diagnosis.

1- Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disorder that affects the
metabolic, vascular, bone, and psychological systems as well as causing gradual articular

deterioration (1). The pathophysiology of RA is characterized by attacking synovial joints which
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results in pain, swelling, and deformity with movement limitation (2). Early treatment can
significantly improve patient outcomes and prevent serious disability, although a large proportion

of patients continue to struggle with ineffective treatment (3).

1.1 Epidemiology:

Rheumatoid arthritis is one of the most common autoimmune diseases that is ranked as
the 42" highest disease-causing disability (4). It affects about 0.1-2.0% of the population
worldwide (5).

Meta—estimates of regional RA prevalence rates in low- and middle-income
countries were 0.6% for Europe, 0.4% for Southeast Asia, 0.37% for Eastern Mediterranean,
0.42% for Western Pacific, and 1.2% for America as shown in (figure 1) (6).
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Figure 1. Age-standardized prevalence rate (per 100,000), 2017 (7).

According to the Global Burden of Disease (GBD) 2019 study, there were 18.6 million
prevalent cases of RA globally, with an age-standardized point prevalence of 224.2 per 100,000
population and an age-standardized incidence rate of 13.0 per 100,000 and a disability-adjusted
life-years (DALYSs) rate of 39.6 per 100,000 population. In Egypt, there were 84.3 thousand
prevalent cases of RA, with an age-standardized point prevalence of 98.1 per 100,000 population
and an age-standardized incidence rate of 5.9 per 100,000. In addition, the rate of regional
DALY due to RA was 14.2 per 100,000 (7).
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1.2 Etiology and risk factors:

The disease etiology remains unknown (8). Development of RA is significantly
influenced by several genetic variables such as family genetic susceptibility, shared epi-tope, and
Human Leucocyte Antigen-DR isotype (HLA-DR) genes, as well as several environmental and
lifestyle factors, including infections, atmospheric agents, diet, hormonal factors, smoking,

periodontal and lung diseases (9, 10).
1.3 Pathogenesis of RA:

According to evidence, there are many stages in the development of RA, including an
asymptomatic period associated with genetic risk, a pre-clinical stage during which RA-related
antibodies can be found, and a clinical stage during which inflammatory arthritis signs and

symptoms appear (11).

1.4 Clinical features of RA:

Rheumatoid arthritis primarily affects the lining of the synovial joints which results in
joint pain, swelling, rigidity, deformity, and function obstacles (12). It may also have extra-
articular manifestations, with involvement of the skin, blood vessels, and internal organs (13).
Long-term, it results in a considerable reduction in life quality and an increase in morbidity and
mortality rate (14). Early referral, ideally to specialized early arthritis clinics, is essential to
achieving a more rapid assessment of individuals with early-onset signs and symptoms of

inflammatory arthritis (15).

1.5 Diagnosis:

The patient's medical history, laboratory results, physical examination, and radiographic
information are all necessary to make the diagnosis of RA. Patient characteristics including age,

gender, and ethnicity are essential since they are associated with disease risk and severity (16).

1.5.1 Diagnostic Criteria:
The American College of Rheumatology (ACR) issued a set of criteria used for

differentiating RA from other inflammatory arthritis. The 1987 ACR classification criteria and
the 2010 ACR/ European League Against Rheumatism (EULAR) classification criteria as shown
in (table 1) (17, 18).
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Table 1. The 1987 ACR classification criteria and the 2010 ACR/EULAR classification criteria for RA (19).

1987 classification criteria
(parameters)

2010 classification criteria (parameters and points)

Entry None (1) Patient with at least one joint with definite clinical synovitis (swelling)
criterion (2) Synovitis is not better explained by another disease.
Criteria | Morning stiffness (at least one hour) | Joint involvement:
1 large joint =0
2-10 large joints =1
1-3 small joints =2
4-10 small joints =3
>10 small joints =5
Acrthritis of three or more joint areas | Serology rheumatoid factor (RF) and Anti-citrullinated protein antibodies
(ACPA) negative =0
Low positive RF or ACPA =2
High positive RF or ACPA =3
Arthritis of hand joints (1 or more Acute phase reactants:
swollen joints) Normal=0
Elevated C-reactive protein (CRP) or erythrocyte sedimentation rate
(ESR) =1
Symmetric arthritis Duration of symptoms:
<6 weeks=0
>6 weeks=1
Rheumatoid nodules
Serum RF
Radiographic changes
Positivity| Criteria are fulfilled if 4 out of 7 | Criteria are fulfilled if a patient has >6 points

parameters are present
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1.5.2 Imaging tests (Radiology):

Conventional radiography (CR) imaging is routinely used for the assessment of joint
destruction and the determination of disease outcomes. Radiographic abnormalities in the early
stages of the disease are not always visible, but if the inflammation is severe, X-rays can show
cartilage loss and joint erosions (20). Both musculoskeletal ultrasonography (MSUS) and
magnetic resonance imaging (MRI) are thought to be superior to computed radiography (CR)
because they can detect articular changes earlier than CR and without the use of ionizing
radiation. However, MRI and MSUS require highly skilled staff, radiologists, and/or

rheumatologists, and are time-consuming procedures (21).

1.5.3 Diagnostic Tests:

Both anti-cyclic citrullinated peptide antibodies (anti-CCP) and rheumatoid factor (RF)
are sensitive laboratory markers for the diagnosis of RA, and anti-CCP antibody is more specific
for RA disease. ESR and CRP are significant auxiliary markers for RA diagnosis even though
they are nonspecific for this disease. For the accurate diagnosis of RA, simultaneous
measurement of RF, anti-CCP antibody, CRP, and ESR is beneficial (22).

1.5.4 Measurement of disease activity:

Disease activity in RA is commonly measured using a disease activity score in 28 joints
(DAS-28) (23). The DAS-28 includes the evaluation of 28 swollen joints (SJC-28) and tender
joint counts (TJC-28), ESR, CRP, and patient’s global health status on a 0—100 visual analogous
scale (VAS) to calculate a score. The most widely used is the DAS28, which includes either CRP
or ESR. It has been demonstrated that in clinical care and trials, a subset of the 28 named joints is
just as valid and trustworthy as more comprehensive joint counts (24).

Clinical remission is defined as DAS28 <2.6, low disease activity DAS28 < 3.2, medium
DAS28 from 3.2 to 5.1, and high disease activity has a value of DAS28 > 5.1 (25).

2. Methods
We performed a search on MEDLINE, which is the primary component of PubMed®, part
of the Entrez series of databases provided by the US National Library of Medicine National

Center for Biotechnology Information (NCBI). We used the keywords “Rheumatoid arthritis”,
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“MicroRNAs” and “RA diagnosis”. We restricted results to papers published from 2015 to 2023
and published in English. Articles were screened for their relevance concerning miRNA
participation in RA and excluded studies about other autoimmune diseases. Supplementary
material concerning RA pathophysiology was included when necessary.

3. MicroRNAs

In Caenorhabditis elegans, the first miRNA was discovered and demonstrated to play a
regulatory role in 2001. More miRNAs from various animal and plant species were reported
immediately following this discovery. The identification of these small RNA molecules
revolutionized our knowledge of how genes are regulated post-transcriptionally, and numerous

research groups have since focused heavily on miRNAs (26).

A person's susceptibility to developing RA may be influenced by the genetic variance of
certain mMiRNA genes. Additionally, it has been found that RA patients have altered expression of
several miRNASs in a variety of cells, tissues, and bodily fluids (27). As a result, miRNAs have
received a lot of attention in recent RA epigenetics research and have been suggested as
biomarkers for diagnosis, prognosis, and therapy response in several disorders (28).

MicroRNA is a member of the endogenous small non-coding RNA family that is
transcribed from genomic sequences and cleaved into miRNA precursor, to produce mature
miRNA with a length of about 22 nucleotides (29). It is involved in the posttranscriptional
regulation of gene expression by one of two mechanisms; the first is suppression of mRNA
translation and the second is degradation of mMRNA (30).

It has been proved that miRNAs play a vital role in numerous cellular processes,
including cell cycle progression, cell differentiation, apoptosis, and autoimmune diseases (31).
Recent research has confirmed that miRNAs play a significant role in RA, and the dysregulation

in mMIRNA expression appears to play a role in the disease’s molecular mechanisms (32).

3.1 Nomenclature:

Under a standard nomenclature system, miRNAs are identified using the "miR" prefix
and a distinct characteristic number that frequently reflects the order of discovery (for example,
miR-125). The uncapitalized prefix “mir-"" stands for the pre-miRNA, while a capitalized “miR-

” stands for the mature form. MiRNAs with almost similar sequences that differ by just one or
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two nucleotides have the same number followed by a lower-case letter (for example, miR-125a
and miR-125b). An additional dash-number suffix, such as (miR-146a-1 and miR146a-2) is used
to identify miRNAs for which the mature sequences are 100% identical but are found in distinct
locations in the genome (33).

To identify the species, an additional three letters are added to the prefix. For instance,
Homo sapien-miR-123 (hsa-miR-123) is a human miRNA and ovis aries-miR-123 (oar-miR-123)
is a sheep miRNA (34).

3.2 MiRNAs Biogenesis and mode of action:

MicroRNA biogenesis starts with the processing of RNA polymerase 1I/11l transcripts
post- or co-transcriptionally and the production of capped and polyadenylated long primary
transcripts (pri-miRNA). Sometimes miRNAs are transcribed as one long transcript called
clusters, which may have similar seed regions, in which case they are considered a family (35).

In the next step, pri-miRNAs are further processed by the complex composed of RNase
1l Drosha and its RNA-binding protein component, DiGeorge syndrome critical region 8
(DGCRS8) in the nucleus. pre-miRNAs (about 70 nucleotides in length) are emerged, and
transported to the cytoplasm by exportin-5 (EXP-5) with a characteristic stem-loop structure
(36).

Another RNase 11l endonuclease (Dicer), along with its partner trans activator RNA
binding protein (TRBP) digests the pre-miRNAs after exporting to produce the mature
miRNA/MIiRNA* duplex that is composed of 20-22 nucleotides (37).

The "passenger” strand (miRNA¥*) is released and destroyed after the duplex is
unwounded by a helicase, and the miRNA "guide" strand, currently known as the 5’ terminals, is
then incorporated into the RNA-induced silencing complex (RISC), (figure 2) (38).

The miRNA molecule guides the RISC complex to the three prime untranslated regions
(3°-UTR) in the target mRNA (“templates”). The interaction between miRNA/ RISC and its
target mMRNA represses the translation process. Therefore, miRNAs are posttranscription

regulators (36).
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Figure 2. MicroRNA biogenesis and mode of action (39).
DGCRS: DiGeorge syndrome critical region 8; TRBP: trans activator RNA binding protein; RISC: RNA
induced silencing complex.

The critical region for miRNA binding is nucleotides 2-8 from the 5' end of the miRNA,
called the ‘seed region’, which binds to its target site on a given mRNA by Watson-Crick

complementarily (40).
3.3 Function of miRNASs:

3.3.1 Physiologically:

MicroRNA encoding sequences account for 1-3% of the mammalian genome; over 1900

miRNAs have been identified to play important regulatory roles and are included in almost all
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physiological processes, including cellular growth, proliferation, differentiation; metabolism; and
homeostasis (41).

They participate in cell-to-cell communication and control a variety of cellular functions
and signaling pathways. For instance, in response to tissue damage, miR-126 is delivered to
vascular smooth muscle cells in endothelial cell-derived apoptotic bodies, where it facilitates the
production of the (C-X-C motif) ligand 12 chemokines to recruit progenitor cells and promote
vascular protection (42).

In addition, some studies have associated miRNAs with the immune system. MiRNAs are

involved in innate & adaptive immunity and defense against both RNA and DNA viruses (43).

3.3.2 Pathologically:

Alterations of miRNA are involved in many diseases’ initiation and progression. This
alternation may be due to expression disorders, gene mutations, or natural genetic variants that
may cause a single nucleotide mismatch between miRNA and its target site. This mismatch can
change the efficacy and thermodynamics of miRNA (42).

MicroRNAs are involved in disease pathogenesis including; microbial infection, skin
diseases, neurological diseases, cancer, CVDs, and diabetes (44).

In addition, The miRNA network is increasingly investigated in autoimmune diseases
such as systemic lupus erythematosus (SLE) (45), RA (46), Addison disease (47), and Sjogren’s
syndrome (SS) (48).

3.4 Clinical value of miRNAs:

A growing number of studies point to the significant value of miRNAs as biomarkers for
pathogenic disorders, drug resistance regulators, and/or therapeutics for human health problems
(49).

They are present in various tissues, cells, organs, and body fluids, e.g., serum, plasma,
urine, breast milk, saliva, tears, semen, and others. In contrast to conventional theories on the
stability of extracellular RNA, circulating miRNAs have been demonstrated to be very durable in
situations of severe pH and temperature and resistant to RNase activity (50). Consequently,
miRNA molecules emerged as new biomarkers for diagnosis, prognosis, and predicting patients’
response to treatment (51).
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There are several examples of that such as their ability to behave as not only oncogenes
but also tumor-suppressive genes in human malignancies (52). Additionally, they regulate

particular host cell functions and promote the infection process (50).

Targeting miRNA has also been the focus of recent therapeutic studies, it was proven that
through the dense mesochondrium, chondrocyte-affinity peptide-exosomes carry miR-140 to
deep cartilage areas, inhibit cartilage-degrading proteases, and relieve osteoarthritis (OA) in a rat

model, suggesting a possible organelle-based, cell-free therapy for OA (53).

4. MiRNAs and RA:

The key to effective treatment is early diagnosis, especially in patients who have risk
factors for a poor prognosis (such as the presence of autoantibodies, high disease activity, and
early joint destruction) (54). This research aims to provide an expert review of miRNAs as
diagnostic biomarkers for RA.

MiR-21

It was found that miR-21 was upregulated in peripheral blood and plasma of the RA
group when compared to HCs (55-57). Xiong et al. showed significant elevation in miR-
21 expression in FLSs and synovial tissue in RA patients and silencing of miR-21 could suppress
FLSs invasiveness through TGFB1/Smad4/7 signaling pathway (58). In contrast, RA patients
were shown to have lower levels of miR-21 in synovial fluid's CD4+T helper cells than controls.
In addition, the reduction in miR-21 expression may disrupt the formation of Th17/Treg cells in
RA patients (59). In PBMC of RA patients, miR-21 was observed to be considerably lower than
those in HCs (60). In addition, overexpression of miR-21 was found to reduce IL-6 and IL-8
levels and alleviate RA symptoms of RA through Wnt signaling pathway downregulation (61).
MiR-22

Tang et al. examined the diagnostic value of circulating miR-22-3p in early-diagnosed
RA patients that showed upregulation in the plasma of the RA group (62, 63). The levels of miR-
22 in serum were increased in the susceptible individuals (pre-RA) and this implied that miR-22
might be used to predict RA development in individuals with positive ACPAs (64). On the
contrary, it has been reported that decreased miR-22-3p in RA synovial tissue promoted FLS

proliferation and proinflammatory cytokine production (63).
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MiR-23b

Rheumatoid arthritis patients' plasma and synovial tissues were found to have higher
levels of miR-23b when compared to HCs (65). In other studies, the expression of miR-23b was
downregulated in synovial tissue of patients early diagnosed with RA (60).
MiR-96

Abdallah et al. Reported that miR-96-5p could be used as a diagnostic biomarker for RA.
Significant elevation in miR-96 expression has been shown in the serum of early diagnosed RA
patients compared to controls that could negatively affect the expression of FOXO1 (66).
Furthermore, miR-96 expression correlated significantly with disease activity measures of RA
(DAS28, SJC, and TJC) (66). It has been found also that miR-96 alleviates inflammatory
responses by targeting NAMPT and regulating the NF-kB pathway (67). More studies should be
performed to assess miR-96 expression in other specimens such as FLS, PBMCs, and synovial
tissues.
MiR-125a, miR-125b

Dysregulation of miR-125a and miR-125b has been shown in the peripheral blood of RA

patients. Declined expression levels of miR-125a-3p (57) and raised levels of miR-125b and
miR-125a-5p were determined in the serum/plasma of RA patients (54, 55). This is against Al-
Rawaf et al. who found that miR-125 b significantly reduced in RA patients’ serum levels
compared to female control subjects. Moreover, miR-125 b expression correlated significantly
with disease activity measures of RA (DAS28, SJC, TJC, PGA Score, ESR, CRP, and HAQ-DI)
and pain intensity (68). It was found also that the combination between circulating miR-24 and
miR-125a increase the potency of RA diagnosis (69). Another study illustrated that the
expression of miR-125 in RA synovial cells and tissues was significantly downregulated (70). In
addition, miR-125a-3p was found to be downregulated in RA-FLS and RA-tissues, which may
have a negative impact on the proliferation and inflammatory response of RA-FLS (71).
MiR-132

Several studies have shown that the level of miR-132 is increased in blood cells as
compared to healthy controls due to its importance as a modulator of the disease pathology in RA
(72, 73). In PBMC, miR-132 was reported to be significantly increased in RA patients in
comparison to controls (74). However, other studies showed downregulation in the level of miR-

132 in serum/plasma from RA patients (57, 75).
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MiR-146a

One of the most researched miRNAs is miR-146a. MiR-146a is elevated in RA peripheral
blood (76), serum (77), CD4+ T cells (78), and synovial tissue of the RA group in comparison to
the control group (60). However, it has also been noted that miR-146a levels in RA FLS have
decreased, suggesting that this miRNA has anti-inflammatory effects on FLS (79). Additionally,
an increase in miR-146a has been linked to the expression of interleukin (IL)-17 and in particular
the early stages of RA (80).
MiR-155

The majority of research in RA revealed elevated levels of miR-155 in various cell types
or tissues. Comparing the RA group to controls, MiR-155 serum expression was higher, and it
had been associated with TNF- and IL-1 levels (81). Y. Wang et al. demonstrated that miR-155
overexpression reduced FOXO3a expression in FLS cells and enhanced FLS secretion of the
inflammatory cytokines IL 1, IL 6, and TNF-o (82). Additionally, synovial fluid monocytes
(SFM), PBMCs, and RASF have higher levels of miR-155 expression, which causes an increase
of monocytes and macrophages in the synovial tissue as well as an excess of pro-inflammatory
cytokines (83). Furthermore, it was found that RA patients' whole blood (72), CD68+ synovium
macrophages (84), and synovial tissue all had high levels of miR-155 expression (80). On the
other hand, Zhou et al. Investigated downregulation of miR-155 expression in regulatory T cells
(Tregs) of RA patients (85). Kolarz et al. also that RA patients' plasma had lower levels of miR-
155 than in controls (83).
MiR-203

In a study by Wang, Zhao, et al. miR-203 was proven to be upregulated in RASFs and
synovial tissues of the RA group compared to controls, and miR-203 suppression reduced cell
proliferation and inflammation in RASFs (86). More studies are needed to declare the role of
miR-203 as a diagnostic biomarker for RA.
MiR-223
Numerous studies provide evidence that miR-223 is much more abundant in RA patients' serum,
plasma, and PBMCs than in controls, suggesting that miR-223 may be correlated to the
development, progression, and severity of RA (87, 88). In contrast, Dunaeva et al. demonstrated
significantly lower levels of miR-223 in the sera of patients with early diagnosed RA in

comparison with established RA patients and healthy controls considering miR-223 as a
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promising biomarker in early diagnosis (89). As a positive inflammatory regulator, miR-223 has
also been shown to be elevated in macrophages, T-cells, and synovial tissue, and silencing of
miR-223 led to a reduction in disease severity (80, 87, 90). Kriegsmann et al. reported also that
miR-146a, miR-155, and miR-223 were significantly elevated in RA compared to OA synovial
tissues thus these miRNAs might be used to differentiate RA from OA (80).
MiR-298

No more studies discussed the expression of miR-298 in RA. Early-stage RA patients'
serum expression of miR-298 was proven to be higher when compared to healthy controls with
AUC (0.94) and there was a significant positive correlation between miR-298 and Anti-CCP,
ESR, and disease activity score so, it could be considered a promising biomarker for the
detection of RA (66). In addition, the activation of macrophages with TNF-o has been shown to
increase the expression of miR-298. (79).
MiR-451

It is reported that the miRNA-451 expression level is lower in the peripheral neutrophils
of RA patients than in normal control (73). Prajzlerova et al. confirmed higher expression of
miR-451 in PBMC from ACPA-positive early diagnosed RA- individuals compared to HC (91).
In addition, miR-451 was reported also to have an up-regulation in circulating T cells of RA
patients in comparison to controls and there was a positive correlation between increased
expression of miR-451 in T cells of RA patients and DAS28, ESR levels, and serum levels of
interleukin-6 (60). Wang et al. suggested also that miR-451 overexpressed in synovial fibroblasts
isolated from RA patients compared to controls, which explains how this inhibits the
proliferation of these cells and the production of cytokines in RA (92).
MiR-498

According to a prior study, RA patients' cartilage tissues had considerably less miR-498
expression than control specimens (93). It was found also that miR-498 expression was reduced
and that STAT3 was increased in the PMBCs of RA patients (94). In CD4" T cells from
peripheral blood and synovial fluid of RA patients, downregulation of miR-498 was
recognized (73). Furthermore, Dai et al. assessed the diagnostic accuracy of the significantly
regulated miR-498 and noticed significant downregulation in the bone tissue of RA patients
versus controls with AUC= 0.769 for miR-498 (95).
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Table 2. Dysregulation of MiRNASs expression in RA.

MicroRNAs MiRNA expression Localization References
(Cells/Organ of RA)
MiR-21 e 1 e Peripheral blood (55)
e 1 e Plasma (57)
e 1 e Synovial tissue & FLSs (58)
o | e CD4 Th cells of synovial fluid (59)
o | e« PBMCs (60)
MiR-22 e 1 e Plasma (62)
e 1 e Serum (64)
e | e Synovial tissue (63)
MiR-23b e 1 e Plasma (65)
°« 1 e Synovial tissue (65)
| (60)
MiR-96 e 1 e Serum (66)
MiR-125a-3p e | e Serum/Plasma (57)
o | e Synovial tissue & FLSs (70,71)
MiR-125a-5p e 1 e Serum/Plasma (55)
MiR-125h o 1 e Serum/Plasma (54)
e | e Serum (68)
MiR-132 o 1 e Peripheral blood (72, 73)
e 1 e PBMCs (74)
e | e Serum/Plasma (57, 79)
MiR-146a e 1 e Peripheral blood (76)
e 1 e Serum (77)
e 1 e Synovial tissue (60)
e 1 o CD4Thecells (78)
. | o FLSs (79)
MiR-155 e 1 e Serum (81)
e 1 e FLSs (82)
o 1 e SFM, RASF and PBMCs (83)
o 1 e Synovial tissue (80)
o 1 e CD68+ synovium macrophages (84)
e 1 e Peripheral blood (72)
o | e T cells (Tregs) Eggg
o | e Plasma
MiR-203 e 1 e Synovial tissue (86)
RASFs
MiR-223 e 1 e Serum/Plasma (88)
e 1 e PBMCs (87)
T cells
e 1 e Macrophages (90)
e 1 e Synovial tissue (80)
o | e Serum (89)
MiR-298 e 1 e Serum (66)
MiR-451 e | e Peripheral neutrophils (73)
e 1 e PBMCs (91)
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e 7 e Circulating T cells (60)
o« 1 e Synovial fibroblasts (92)
MiR-498 e | e Cartilage tissues (93)
o | e PBMCs (94)
o | e peripheral blood and synovial fluid | (73)
CD4* T cells

FLSs: fibroblast-like synoviocytes, PBMCs: peripheral blood mononuclear cells, SFM:
synovial fluid monocytes, RASF: rheumatoid arthritis synovial fibroblasts.

5. Conclusion

Identification of RA at initial presentation and treatment at an earlier stage can affect the
disease course and prevent the development of progressive complications. clinical or laboratory
parameters at the onset of arthritis are still not sensitive enough to identify early RA. This study
predicts that several microRNAs can be considered promising diagnostic biomarkers for RA;
some of them may be useful for the diagnosis of early rheumatoid arthritis such as (miR-22, miR-
96, miR-146, miR-223, miR-298 and miR-451) so, they are possible biomarkers for early
diagnosis. MiR-22 may also predict the risk of RA in susceptible individuals (pre-RA phase).
Moreover, certain circulating miRNAs were found to be correlated with the disease activity of
RA. For example, serum expression of miR-96, miR-125, miR-223, miR-298 and miR-451 was
shown to correlate with RA disease activity indexes, such as TJC, SJC and 28-DAS28 therefore,
they are considered markers of disease activity. In addition, the expression levels of miR-146a,
miR-155 and miR-223 were significantly increased in the synovial fluid of RA patients, which
may differentiate RA from OA. On the other side, expression levels of miR-125 and miR-223 can
be upregulated and also downregulated in RA serum/plasma, which is controversial and need to
be re-studied. Also, few studies were performed on miR-23, miR-96, miR-203 and miR-298 so
they require additional research to support that. Despite several advantages of miRNAs as
potential biomarkers for RA, there are some challenges to miRNAs application for diagnostic
purposes. One of them is that the specificity and sensitivity of a single miRNA as a biomarker of
RA is generally low and it is preferable to use a set of several miRNAs or the combination of
miRNAs such as (miR-24 and miR-125a) with other parameters to get an effective diagnostic
tool. In addition, risk of false-positive results, as most of the miRNAs studied are non-specific

for RA, and be expressed in other autoimmune disorders.
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