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Abstract: Circular RNAs (circRNAs), a new class of endogenous non-coding RNAs 
(ncRNAs), are highly stable and exhibit tissue-specific expression. Accumulating evidence 
has indicated that circRNAs play crucial roles in the development and progression of multi
ple diseases. Notably, circRNAs, important epigenetic modulators of gene expression in 
inflammation and autoimmune regulation, have a close association with the pathogenesis of 
rheumatoid arthritis (RA). RA, one of the most common systemic autoimmune diseases, is 
characterized by synovial hyperplasia and inflammation, and cartilage and bone destruction. 
Here, we focus on the roles of circRNAs in macrophage, synovial tissues, fibroblast-like 
synoviocytes (FLSs), and cartilage tissues in pathogenesis and progression of RA, high
lighting the potential of circRNAs in the blood as diagnostic biomarkers, and aiming at 
providing new insights into the diagnosis and therapy of this disease. 
Keywords: circular RNAs, rheumatoid arthritis, fibroblast-like synoviocyte, macrophage, 
biomarkers, cartilage, pathogenesis

Introduction
Rheumatoid arthritis (RA), characterized by joint synovitis, synovial hyperpla
sia, erosion of articular cartilage, and systemic immune and inflammatory 
manifestations, is one of the most common chronic and debilitating systemic 
autoimmune diseases that affects approximately 1% of the population 
worldwide.1,2 Although the survival rate of RA patients has improved, most 
patients still experience joint damage, disability, and serious illness, which 
seriously reduce the quality of life of patients, resulting in a large burden of 
care.3,4 Recent evidence has indicated that environmental factors, susceptibility 
genes and immune system disorders are all involved in the pathogenesis of 
RA.5,6 However, the specific mechanisms underlying etiology and development 
of this disease are not fully understood.

It is well known that early diagnosis and treatment can improve the clinical 
manifestations and prognosis of patients with RA to a certain extent. The current 
diagnosis of RA is based primarily on American College of Rheumatology (ACR)/ 
European League Against Rheumatism (EULAR) classification criteria and traditional 
serological indicators, including anti-cyclic citrullinated peptide antibodies (ACPA) 
and rheumatoid factor (RF).7 However, several lines of evidence indicate that these 
diagnostic methods have various disadvantages such as subjective clinical diagnosis or 
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limited sensitivity and specificity regarding early diagnosis, 
which leads to a high misdiagnosis rate and a worse clinical 
outcome.8 Therefore, it is of great clinical significance to 
explore new biomarkers aimed at improving the diagnosis 
and prognosis evaluation of RA.

Numerous evidence have demonstrated that non- 
coding RNA (ncRNA) mainly including microRNA 
(miRNA), circular RNA (circRNA) and long ncRNA 
(lncRNA) play a vital role in inflammation and immune 
regulation of autoimmune diseases.9,10 As a novel class of 
ncRNAs, circRNAs form from the covalent linkage of the 
3ʹ and 5ʹ ends to produce a closed loop.11 Emerging 
evidence has suggested that circRNAs are not only 
involved in the pathogenesis and development of RA12 

but also can be used as new biomarkers for the diagnosis 
and prognosis of this disease.13 In this review, we will 
summarize the available knowledge on the categories, 
biological characteristics, identification and functions of 
circRNAs, the role and possible mechanism of circRNAs 
in RA, and the diagnostic potential of circRNAs in RA.

Categories of circRNAs
According to their components, three types of circRNAs 
have been identified by high-throughput sequencing: exon- 
intron circular RNAs (EIciRNAs),14 exonic circular RNAs 
(ecircRNAs),15 and circular intronic RNAs (ciRNAs),16 

among which ecircRNAs account for over 80% of identified 
circRNAs (Figure 1). CircRNAs are generated from the 
precursor messenger RNAs (pre-mRNAs) through 

backsplicing in most cases, in which a downstream 5ʹ splice 
donor is linked to an upstream 3ʹ splice acceptor via a 3ʹ→5ʹ 
phosphodiester bond.17

Biological Characteristics of 
circRNAs
The biological characteristics of circRNAs can be divided 
into the following aspects:

(1) High stability. Owning to the covalently closed 
RNA circle without 5ʹ end caps or 3ʹ poly tails, 
circRNAs can resist ribonuclease (RNase) digestion and 
are usually stable with the half-life larger than 48.15,18

(2) Widely expression. CircRNAs can be found in 
mammals, fungi, plants, and protists. In eukaryotic cells, 
circRNAs, mainly located in the cytoplasm, have been 
reported to be expressed in peripheral blood, exosomes, 
and tissues.19,20

(3) Cell- and tissue-specific expression patterns. The 
majority of identified circRNAs possess cell- and tissue- 
specific expression patterns. For example, circRNAs are 
most abundant in neuronal tissues and accumulate with 
aging.21

(4) Aberrant expression in diseases. The altered expres
sion of circRNAs between normal and pathological condi
tions has been observed in numerous diseases.22,23 

Therefore, circRNAs (especially in PBMCs) were selected 
to explore the possibility of being used as biomarkers for 
the diagnosis of these diseases.

Biological Functions of circRNAs
Recent studies have illustrated that circRNAs function 
mainly through three different mechanisms (Figure 1).

(1) CircRNAs contain miRNA response elements 
(MRE), which promotes the combination of circRNAs 
and miRNAs. Specially, circRNAs work as molecular 
sponges for miRNAs, thereby decreasing the level of 
functional miRNAs and regulating the expression of 
miRNA target gene expression.24

(2) CircRNAs directly affect gene expression by 
sponging RNA binding proteins (RBPs), the key factors 
that involve in the post-transcriptional regulation.25

(3) Few circRNAs can serve as templates and be trans
lated into proteins/peptides.26

Identification of circRNAs
There are various methods to identify and study the func
tion of circRNAs.

Figure 1 Categories and biological functions of circRNAs. CircRNAs are divided into 
three types: ecircRNAs (A and B), ciRNAs (C), and EIciRNAs (D). The main functions 
of circRNAs (ecircRNAs): circRNAs act as miRNA sponges (E); circRNAs act as RBPs 
sponges (F); circRNAs act as template for proteins/peptides translation (G).
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(1) RNA-seq. RNA-seq is an increasing used metho
dology to study either coding and non-coding RNA 
expression. This method can identify new circRNA spe
cies and quantify circRNA expression.

(2) Microarray. Microarray, a robust, reliable and high 
throughput method used for transcriptome profiling, is 
a low-cost method, which depends on the hybridization 
probes. The microarray method can only detect and quan
tify the known circRNAs approximately.

(3) Northern Blot and RT-PCR. These two methods 
only validate known circRNAs dependent on an exoribo
nuclease-RNase R.

(4) Fluorescence in situ hybridization. This method can 
be used to analyze the subcellular localization of 
circRNAs.

(5) RNA immunoprecipitation and dual-luciferase 
reporter assay. These two methods can be used to investi
gate the interaction between circRNAs and miRNAs/ 
RBPs.

Role and Possible Mechanism of 
circRNAs in RA
As a chronic systemic autoimmune disease, the main 
pathological characteristics of RA include synovial cell 
proliferation, multiple inflammatory cell infiltration, pan
nus formation, and cartilage and bone tissue destruction, 
which thereby eventually lead to joint deformity and loss 
of function.2 Owing to their stability, tissue-specific, and 
disease-specific expression, we will focus on the role and 
possible mechanism of circRNAs in macrophage, cartilage 
tissues, synovial tissues, and fibroblast-like synoviocytes 
(FLSs) in RA.

CircRNAs in Macrophage
Macrophages, which promote systemic autoimmune 
diseases and chronic arthritis by linking innate and 
adaptive immunity, are essential cells in RA.27 

Increased numbers of macrophages in RA can infiltrate 
in synovial tissues and cause joint erosion.28 Abundant 
activated macrophages in RA synovia have been 
demonstrated to be an early hallmark of RA, and 
after effective treatment, the number of these macro
phages can be reduced.29 Recently, Yang et al proved 
that circRNA_09505 in macrophages aggravated 
inflammation and joint damage.30 Specially, the results 
of in vitro study showed that the proliferation and cell- 
cycle progression of macrophages were significantly 

increased and decreased when circRNA_09505 was 
overexpressed and knocked down, respectively, indicat
ing that circRNA_09505 was capable of enhancing 
macrophage proliferation and cell-cycle progression.30 

Moreover, the results of in vivo study demonstrated 
that knockdown of circRNA_09505 in macrophages 
alleviated inflammation and joint damage in collagen- 
induced arthritis (CIA) mice,30 the most widely used 
model for RA.31 Mechanistically, circRNA_09505 
regulated macrophage inflammation by functioning as 
a ceRNA for miR-6089 through AKT1/NF-κB signal
ing pathway30 (Figure 2).

CircRNAs in Cartilage Tissues
The progressive destruction and loss of articular cartilage 
is a major clinical manifestation of RA, which is consid
ered to be an urgent clinical problem.32 It has been 
reported that erosion and loss of cartilage are still in 
progress even when joint inflammation is successfully 
suppressed.33,34 Therefore, the key approach in preventing 
the progression of RA is to elucidate the pathogenesis of 
the destruction of articular cartilage and find new targets 
that would control or be used to control the development 
of RA. A recent study analyzed the difference in the 
expression of circRNAs in RA cartilage tissue and control 
specimens.35 The results showed that there were signifi
cant differences in the expression of 36 circRNAs between 
RA and control group, among which circFADS2 showed 
the most obvious variation in expression.35 Moreover, 
further clinical studies confirmed the difference in 
circFADS2 expression in 26 RA patients and 8 healthy 
controls by reverse transcription-quantitative polymerase 
chain reaction amplification (RT-qPCR) analysis.35 To 
uncover the role of circFADS2 in chondrocytes, lipopoly
saccharide (LPS)-treated chondrocyte, a well-established 
RA model for in vitro inflammatory investigation,36 was 
used. It has been showed that LPS-treated chondrocytes 
exhibited increased circFADS2 levels when compared to 
untreated chondrocytes.35 The study of mechanism 
demonstrated that circFADS2 protected LPS-treated chon
drocytes from apoptosis and inflammation acting as an 
interceptor of the miR-498/mTOR cross-talking35 

(Figure 2).

CircRNAs in Synovial Tissues
Synovial hyperplasia is one of the pathologic hallmarks 
of RA.37 During the development of RA, synovial tissue 
is a site where a large number of inflammatory cells 
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infiltrate.38 Synovial fibroblasts interact with these 
inflammatory cells to form a pathological tissue that 
provokes the destruction of cartilage and bone.39 

Recently, Li et al identify the expression pattern of 
circRNAs in synovial tissues and their inflammatory 
regulation mechanism.39 It has been revealed that 29 
circRNAs were differentially expressed between RA 
and normal synovial tissues.40 Further functional loss 
and rescue experiments indicated that circ_0001859 
plays a vital role in aggravating the inflammatory pro
cess of SW982 cells, a human synovial sarcoma cell line 
widely used in research examining the mechanism of 
RA.41,42 Mechanically, circ_0001859 can directly 
sponge the miR-204/211 family. Knockdown of 
circ_0001859 upregulated the expression of miR-204/ 
211 and subsequently strengthen the inhibition of its 
target, ATF2, to suppress its function, and eventually 
promote inflammation in SW982 cells.40

CircRNAs in Fibroblast-Like 
Synoviocytes (FLSs)
As one of the main constituent cells in RA synovial 
tissues, FLSs contribute to joint inflammation and damage 

by secreting inflammatory mediators, metalloproteinases, 
and cathepsins, and by invading periarticular cartilage and 
bone.43 Thus, it will be of great significance to explore the 
functional and pathological significance of circRNAs in 
FLSs of RA. Consistent to the result that circ_0088036 is 
significantly elevated in PBMCs from patients with RA,44 

a significant upregulation in the expression level of 
circ_0088036 was observed in the RA-FLSs compared 
with osteoarthritis (OA)-FLSs.12 Functionally, the effect 
of circ_0088036 on the proliferation of RA-FLSs was 
assessed by the 5-ethynyl-29-deoxyuridine (EdU) assay. 
EdU is a thymidine analogue which can substitute for 
thymidine to penetrate into the DNA molecule during 
DNA replication period. The effect of circ_0088036 on 
the migration of RA-FLSs was assessed by the transwell 
migration assay, a well established and frequently used in 
the field of cell migration research. The results of these 
two assays revealed that circ_0088036 overexpression 
could promote the proliferative and the migration ability 
of the RA-FLSs.12 Mechanistically, circ_0088036 pro
moted RA progression by sponging miR-140-3p and upre
gulating SIRT 1 expression.12

These studies shed light on the role of circRNAs in the 
pathogenesis and development of RA and provide novel 

Figure 2 The role and possible mechanism of circRNAs in macrophage, cartilage tissues, synovial tissues, and fibroblast-like synoviocytes (FLSs) in RA. (A) circRNA_09505 
regulated macrophage inflammation by functioning as a ceRNA for miR-6089 through AKT1/NF-κB signaling pathway; (B) circ_0088036 promoted RA progression by 
sponging miR-140-3p and upregulating SIRT 1 expression; (C) knockdown of circ_0001859 upregulated the expression of miR-204/211 and subsequently strengthen the 
inhibition of its target, ATF2, to suppress its function, and eventually promote inflammation in SW982 cells; (D) circFADS2 protected LPS-treated chondrocytes from 
apoptosis and inflammation acting as an interceptor of the miR-498/mTOR cross-talking.
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insights into the potential role of circRNAs as treatment 
targets for RA.

Diagnostic Potential of circRNAs in 
RA
Accumulating evidence has reinforced the argument that 
circRNAs in peripheral blood can be used as diagnostic 
biomarkers for RA. CircRNAs can resist RNase digestion 
and exhibit high stability, which allows circRNAs to be 
selectively enriched during sample processing.45 

Additionally, the advantage of using blood-based markers, 
including serum/plasma and peripheral blood mononuclear 
cells (PBMCs), is the ease of sample acquisition and 
preparation.

Several studies have been conducted to determine the 
aberrant expressions of circRNAs in PBMCs from RA 
patients (Table 1). For example, it has been identified 
and verified that five circRNAs including circ_092516, 
circ_003524, circ_103047, circ_104871, and circ_101873 
were significantly increased in PBMCs from RA 
patients.44 Based on microarray chip technology and RT- 
qPCR, it has been found that circ_0092285 and 
circ_0058794 were significantly higher in PBMC of RA 
patients, while circ_0088088 and circ_0038644 were sig
nificantly lower.46 Recently, Luo et al showed that the 
expression level of circ_0044235 in peripheral blood 

from 77 RA patients was decreased significantly compared 
to 50 healthy controls.47 As one of the most widely studied 
circRNAs, the expression of ciRS-7 in patients with RA 
was investigated. It has been shown that the relative 
expression of ciRS-7 was significantly higher in PBMCs 
from RA patients.48 More recently, 59 new-onset RA 
patients were selected to detect the differentially expressed 
circRNAs between RA patients and healthy controls. The 
results showed that the levels of circ_0002715, 
circ_0001947, circ_0000367, and circ_0035197 were sig
nificantly increased in the peripheral blood of new-onset 
RA patients than in the peripheral blood of healthy 
controls.49 Due to the intrinsic defects of microarrays, 
such as their inability to detect unidentified circRNAs,50 

RNA sequencing was used to investigate the expression 
profiles of circRNAs in PBMCs from RA patients and 
healthy controls. The results showed 71 markedly dysre
gulated circRNAs, including 41 upregulated and 30 down
regulated circRNAs. These selected dysregulated 
circRNAs were verified by RT-qPCR in the PBMCs of 
32 RA patients and 20 healthy controls, and the results 
indicated that circ_0000396 and circ_0130438 were down
regulated in the RA group versus the healthy group.51 

Similarly, RNA sequencing and RT-qPCR validation 
were used to identify the differentially expressed 
circRNAs in RA in another study. RT-qPCR validation 
demonstrated that the aberrant expression levels of 

Table 1 Aberrant Expressed circRNAs in PBMCs in Patients with RA

circRNAs Expression Target 
miRNAs

References

circ_0001200, circ_0003972 Up miR-31-5p [13]

circ_0001566 Up miR-342-3p [13]

circ_0008360 Down miR-18a-3p [13]
circ_09505, circ__01934, circ__02450, circ_02577, circ_05466, circ_07525, circ_08042, 

circ_11177, circ_04854

Up NA [30]

circ_14699, circ_15631, circ_15722, circ_17128, circ_17697, circ_17725, circ_18379, 
circ_22280, circ_23126

Down NA [30]

circ_003524, circ_103047, circ_104871, circ_101873, circ_092516, circ_003524, circ_103047, 

circ_104871, circ_101873

Up NA [44]

circ_102594 Down NA [46]

circ_103334, circ_104194, circ_104593, circ_101407 Up NA [46]
ciRS-7 Up miR-7 [48]

circ_0002715, circ_0000367, circ_0001947, circ_0035197 Up NA [49]

circ_0000396, circ_0130438 Down NA [51]
circ_0008410 Up NA [52]

circ_0000175 Down NA [52]
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circ_0001200, circ_0001566, circ_0003972 and 
circ_0008360 were consistent with the results from the 
sequencing analysis.13

To evaluate the diagnostic value of PBMC circRNAs in 
RA, several studies conducted receiver operating character
istic (ROC) analysis to estimate the sensitivity and specificity 
(Table 2). It has been shown that the area under the curve of 
circ_104871 in PBMCs was 0.833 with the sensitivity of 
83.30% and specificity of 68.00% in distinguishing RA 
patients from healthy controls.44 Moreover, the area under 
the curve of circ_0044235 in PBMCs from ROC analysis 
was 0.757 with a sensitivity of 61.04% and specificity of 
82.72% in distinguishing RA patients from healthy 
controls.46 The combination of multiple circRNAs can 
improve the sensitivity and specificity of diagnosis, and has 
been proven to be a more comprehensive and effective dis
ease detection indicator than a single circRNA. Accordingly, 

Luo et al investigated the predictive power of two circRNAs 
(circ_0000175 and circ_0008410) in PBMCs as a holistic 
panel for RA diagnosis.52 The results showed the combined 
area under the ROC curve was 0.971, with 93.10% sensitiv
ity and 93.33% specificity. Similarly, combined AUC for 
both circ_104871 and circ_003524 was 0.855, slightly higher 
than that of circ_10487 (AUC = 0.833).

To determine whether the significantly and differen
tially expressed circRNAs in the RA patients were relevant 
biomarkers for the disease activity of RA, the correlation 
between RA clinical features and circRNA levels was 
assessed (Figure 3). RA is characterized by excessive 
production of autoantibodies, such as RF and ACPA. RF 
and ACPA were included in the 2010 American College of 
Rheumatology/European League Against Rheumatism 
(ACR/EULAR) classification criteria for RA.53 RFs are 
autoantibodies against the fragment-crystallizable (Fc) 

Table 2 AUC for circRNAs in PBMCs in Discriminating RA Patients from Healthy Controls

circRNAs AUC Sensitivity (%) Specificity (%) References

circ_092516 0.637 56.70 52.00 [44]

circ_003524 0.683 83.30 60.00 [44]

circ_103047 0.671 66.70 56.00 [44]
circ_104871 0.833 83.30 68.00 [44]

circ_101873 0.676 66.70 68.00 [44]

circ_104871+circ_003524 0.855 NA NA [44]
circ_0044235 0.779 NA NA [47]

circ_0035197 0.742 71.2 68.6 [49]

circ_0000367 0.713 54.2 82.9 [49]
circ_0001947 0.709 50.9 88.6 [49]

circ_0002715 0.686 57.6 77.1 [49]

circ_0001947+ circ_0002715 0.723 55.93 82.86 [49]
circ_0001947+ circ_0000367 0.727 67.8 71.43 [49]

circ_0001947+ circ_0035197 0.743 74.6 65.71 [49]

circ_0002715+ circ_0000367 0.715 64.41 74.29 [49]
circ_0002715+ circ_0035197 0.758 72.88 71.43 [49]

circ_0000367+ circ_0035197 0.745 89.83 45.71 [49]

circ_0001947+circ_0002715+circ_0000367 0.727 69.49 68.57 [49]
circ_0001947+circ_0002715+circ_0035197 0.754 67.8 74.29 [49]

circ_0002715+circ_0000367+circ_0035197 0.754 77.97 60 [49]

circ_0001947+circ_0000367+circ_0035197 0.744 76.27 60 [49]
circ_0001947+circ_0002715+circ_0000367+circ_0035197 0.753 79.66 60 [49]

circ_0035197 0.742 71.2 68.6 [49]

circ_0000396 0.809 NA NA [51]
circ_0130438 0.774 NA NA [51]

circ_0000175 0.835 86.21 73.33 [52]

circ_0008410 0.804 55.17 95.56 [52]
circ_0000175+circ_0008410 0.971 93.10 93.33 [52]
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region of IgG that are detected in RA.54 Recently, 
circRNA_09505 in PBMCs was found to be positively 
associated with RF in RA.30 ACPA is a clinically useful 
diagnostic and prognostic marker in RA.55 It has been 
shown that ACPA can be detected in serum years before 
the onset of arthritis.56 Circ_0001200,13 circ_0001566,13 

and ciRS-748 in PBMCs of RA patients were positively 
correlated with the levels of ACPA, while circ_00017552 

and circ_000836013 were negatively correlated with the 
levels of ACPA. The 28-joint disease activity scores 
(DAS-28) are mainly used to assess joint inflammation 
and structural damage in patients with RA.57 A positive 
relationship between DAS-28 and circ_0003972 has been 
reported.13 DAS28 can be characterized using erythrocyte 
sedimentation rate (ESR) or C-reactive protein (CRP).58 

Moreover, ESR and CRP levels are also part of the 2010 
ACR/EULAR criteria.53 It has been reported that the 
expression of circRNA_09505 was positively associated 
with ESR and CRP levels in serum from RA patients.30 

Additionally, circ_0001200 levels13 and circ_000841052 

were positively associated with silk time, while 
circ_0008360 level13 was negatively associated with the 
silk time. The results of correlation analysis indicated that 
these circRNAs may play critical roles in the pathogenesis 
mechanism of RA and be used as a biomarker of disease 
severity.

Future Directions
(1) Although specific expression profiles of circRNAs in RA 
have been well documented in many published studies, the 
sample size is relative small and should be enlarged in 
a homogeneous population in future multicentral clinical 
study.

(2) Extracellular vesicles (EVs) and exosomes in syno
vial fluid have been proposed to contribute to joint inflam
mation in RA by stimulating the release of pro- 
inflammatory cytokines.59,60 Given that EVs and exo
somes contain a cargo of circRNAs, it is rational to assume 
that circRNAs in EVs and exosomes in synovial fluid may 
function as crucial regulators of RA, which needs to be 
confirmed in the future study.

(3) Currently studies on the aberrant expressions of 
circRNAs in PBMCs in RA are all cross-sectional, the 
dynamic changes of circRNA types and levels during the 
progression of the disease have not been reported.

(4) The regulatory effects of non-steroidal anti- 
inflammatory drugs (NSAIDs) and disease-modifying anti- 
rheumatic drugs (DMARDs) on the expression levels of 
circRNAs for the treatment of RA have not been confirmed. 
This direction will assist in identifying objective markers 
that can effectively predict the efficacy of treatment.

(5) Considering the heterogeneous features of RA 
immunopathogenesis and the critical role of T cell subset, 

Figure 3 Correlation between circRNAs and clinical disease activities, serologic markers or inflammatory markers. 
Abbreviations: ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; RBC, red blood cell count; HCT, hematocrit; PLT, platelet count; HGB, hemoglobin; WBC, 
white blood cell count; M, monocyte count; M%, monocyte percentage; N, neutrophil count; N%, neutrophil percentage; L, lymphocyte count; L%, lymphocyte percentage; 
NLP, neutrophil-to-lymphocyte ratio; RF, Rheumatoid factor; ACPA, anti-cyclic citrullinated peptide antibody; IGA, immunoglobulin A; JT, joint tenderness; TJC, tender joint 
count; Time, disease duration of RA; DAS-28, the 28-joint disease activity scores.
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cytokines, and autoantibodies in its pathogenesis, the role 
of circRNAs in T cell, B cell, and cytokine responses in 
the context of RA pathogenesis should be investigated.

Conclusions
RA has emerged as an important public health problem, 
often leading to disability. Current studies have demon
strated that circRNAs are closely involved in the progression 
of RA and might be promising biomarkers for RA. These 
findings may provide a new avenue for the prevention, 
diagnosis and therapeutic intervention of RA in the future.
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