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Circular RNA expression profiles in synovial fluid: a 
promising new class of diagnostic biomarkers  
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Abstract: Background: Previous studies suggest that circRNAs abnormally function in the progression of osteoarthri-
tis (OA). However, little is known about the diagnostic value of circRNAs in patients with OA. To assess potential ap-
plications of circRNAs as diagnostic tools in OA, expression profiles of circRNAs in synovial fluid from OA patients and 
healthy subjects were obtained. Methods: Microarray analysis was performed to profile the expression of circRNAs 
in an unbiased manner. CircRNA expression in synovial fluid was identified by real-time quantitative polymerase 
chain reaction (RT-qPCR). The diagnostic value was evaluated using receiver operating characteristics (ROC) curves 
and the area under the ROC curves (AUC). Spearman correlation analysis was performed to assess the correlation 
of circRNAs and clinical parameters. Results: We identified five circRNAs that were significantly elevated in synovial 
fluid from OA patients compared with those of the healthy controls. Among these five circRNAs, hsa_circ_0104873, 
hsa_circ_0104595, and hsa_circ_0101251 could effectively separate patients with OA from healthy controls with 
high AUC (0.683, 0.708 and 0.754, respectively). Furthermore, we found that three circRNAs were positively cor-
related with the degree of radiographic grading and symptomatic severity of OA patients. Conclusion: This study 
suggests that increased expression of hsa_circ_0104873, hsa_circ_0104595, and hsa_circ_0101251 in synovial 
fluid from OA patients may serve as potential biomarkers for OA screening. 
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Introduction

Osteoarthritis (OA) is most frequently found in 
adults, which is an age-associated disease 
characterized by degeneration of articular carti-
lage, menisci, ligaments and subchondral bone, 
and is accompanied with severe pain, joint stiff-
ness, reduced motion, swelling, and crepitation 
[1, 2]. At present, the diagnosis of OA is primar-
ily based on plain radiography (X-ray) by mea-
suring the joint-space width (JSW) or magnetic 
resonance imaging (MRI) by calculating carti-
lage volume [3, 4]. However, abnormalities of 
articular cartilage are slowly changing in the 
progression of OA, and pathologic symptoms 
are often unrecognized until irremediable joint 
damage has occurred [5]. Therefore, exploring 
novel and specific biomarkers for the earlier 
diagnosis and monitoring disease progression 
of OA should be emphasized. 

The biomarkers currently under evaluation 
include anabolic and catabolic molecules of 

bone metabolism and inflammatory cytokines 
representing diverse biological pathways [4, 6, 
7]. For instance, urinary C-terminal telopep-
tides of type II collagen (μCTX-II), serum carti-
lage oligomeric matrix protein (COMP), and 
serum hyaluronan are elevated in patients with 
hip or knee OA [4, 6]. In addition, a large set of 
inflammatory cytokines, such as C-reactive pro-
tein (CRP), tumor necrosis factor-α (TNF-α), 
interleukin-1β (IL-1β), IL-6, and IL-18, can serve 
as serum markers for OA diagnosis [7]. In recent 
years, non-coding RNAs, including microRNA 
(miR) and long non-coding RNA (lncRNA), are 
regarded as a class of promising blood-based 
biomarkers for early detection of OA [8-11]. To 
our knowledge, circular RNA (circRNA) as a 
class of non-coding RNA has not been reported 
as the biomarkers of OA screening.

CircRNAs exist ubiquitously in the cytoplasm of 
eukaryotic cells and are generally formed by 
back-splicing with high stability, covalently cl- 
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osed continuous loop, without 5’ to 3’ polarity 
and polyadenylated tail, which give them with a 
stable structure to counteract RNA exonucleo-
lytic digestion [12, 13]. CircRNAs perform a 
wide variety of biological functions in eukaryot-
ic cells by acting competing endogenous RNAs 
(ceRNAs) or miRNA sponges, interacting with 
RNA binding proteins, modulating the stability 
of mRNAs, regulating gene transcription and 
translating proteins [14]. It has been demon-
strated that circRNAs are involved in develop-
ment of OA by regulating chondrocyte prolifera-
tion, apoptosis, and extracellular matrix de- 
gradation [15-18]. Recently, more and more 
research has found that circRNAs are stably 
present in plasma and serum and can serve as 
novel non-invasive biomarkers in various dis-
eases, including arthritis [19], nervous system 
diseases [20] and malignancy [21]. Therefore, 
we aimed to identify the clinical diagnostic sig-
nificance of circRNAs in OA. 

In the present study, we compared the expres-
sion profile of circRNAs in synovial fluid of OA 
patients and healthy subjects by microarray 
analysis and then confirmed our findings in 
larger independent cohorts. Our findings dem-
onstrated that hsa_circ_0104873, hsa_
circ_0104595, and hsa_circ_0101251 are 
sensitive and specific biomarkers for OA, and 
these three circRNAs are significantly and posi-
tively correlated with radiographic and symp-
tomatic severity of OA. 

Material and methods

Patients and specimens

Forty-five patients with OA and twenty-nine 
healthy controls were enrolled at the 309th 

Hospital of Chinese People’s Liberation Army 
(Beijing, China) from June 2014 to December 
2016. Written informed consent was obtained 
from all of the participants. The study was 
approved by the Ethics Committee of the 309 
th Hospital of Chinese People’s Liberation Army 
(Beijing, China). OA severity was determined 
using weight-bearing anteroposterior radio-
graphs of the affected knee. Radiographic 
severity was evaluated according to the Ke- 
llgren and Lawrence grading system [22]. The 
symptomatic severity of the disease was ev- 
aluated according to the Western Ontario 
McMaster University Osteoarthritis Index (WO- 
MAC), which consists of 3 subscales: pain, sti- 
ffness, and physical function [23]. 

Human circRNA microarray analysis

Total RNA was extracted in synovial fluid from 
three OA patients and three healthy controls. 
CircRNA was enriched with Rnase R to digest 
linear RNA (Epicentre, Madison, WI, USA). RNA 
was labelled with Arraystar Human circRNA 
Array V2.0 (8×15 K, Arraystar, Rockville, MD, 
USA) and was scanned using a Agilent Scanner 
G2505C (Jamul, CA, USA).

Reverse transcription-quantitative polymerase 
chain reaction (RT-qPCR)

RNA was extracted using TRIzol (Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, 
USA). Moloney Murine Leukemia Virus reverse 
transcriptase (Promega Corporation, Madison, 
WI, USA) and oligo dT 15 primers (Thermo 
Fisher Scientific, Inc.) were utilized to synthe-
size cDNA. Divergent primers were designed to 
ensure amplification of the head-to-tail splicing 

Table 1. The primers of top 10 up-regulated circRNAs 
Gene Forward primer (5’-3’) Reverse primer (5’-3’) Product length (bp)
hsa_circ_0104873 CCTGCAGCTAAACTTGAGGGA ACCCTTCTGGATTGCAGCAT 131
hsa_circ_0104595 GCTGAGTTTAAGCGAGAAGTGC GCACTAGCAATGGCTTCTTCA 146
hsa_circ_0101748 TGGATGATGAAGACTGTGAAAGA GTAGCACCAAAATGACTGTGTCC 182
hsa_circ_0102559 GTCACAACAGCCACTGAACAA TGCCATCACGGCATATGTAAG 161
hsa_circ_0103994 CCGTGGCAGTCATCCTTAGT TGGTTCAGGTCTGTGCTTGAA 131
hsa_circ_0101251 GATGGCTTGTGCTGATGGAAG AGATGCAAGGAGGAATGTTTCA 121
hsa_circ_0101367 GCAGAAGAAATGGCGGACTTC GGGGGTCCTATCCAATCATGG 124
hsa_circ_0104762 CTGTGGGAGACTGGTCGAAG GTAACTTCAGTTGTGGATTGCAG 120
hsa_circ_0102061 GTACCATGAATCCCACAGAGCA TGGAAGTCAGAGAGATCGGGA 121
hsa_circ_0104700 CTGGACGGGAAGATTGACGA GGTGTTGGGGTCAATCTGGA 150
β-actin GTGGCCGAGGACTTTGATTG CCTGTAACAACGCATCTCATATT 73
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of circRNA using ABI7300 
System (Applied Biosystems, 
Foster City, CA, USA) with 
SYBR Select Master Mix (Ap- 
plied Biosystems), as descri- 
bed previously [24]. Levels of 
β-actin were utilized to nor-
malize the expression of the 
circRNAs. The relative expres-
sion levels of circRNAs were 
calculated using the 2-ΔΔCt 
method [25]. The PCR primers 
were used in this study as 
shown in Table 1. 

Statistical analysis

The data from our study were 
reported as mean ± standard 
deviation (SD) for each group. 
Statistical analysis was per-
formed using IBM SPSS St- 
atistics Version 19.0 (SPSS 
Inc., Chicago, IL, USA) and 
GraphPad Prism Version 7.0 
(GraphPad Software, Inc., La 
Jolla, CA, USA). Student’s t- 
test was used to analyze two-
group differences. The non-
parametric Kruskall-Wallis te- 
sts or Chi-square test were 
used to assess significance in 
clinical characteristics among 
the three subgroups or 
between patients with knee 
OA and healthy controls. 

Spearman’s linear regression 
analysis was used to identify 
the correlation between cir-
cRNAs levels and KL grade or 
WOMAC scores. Receiver op- 
erating characteristic (ROC) 
curves and the area under the 

Table 2. Clinical parameters of healthy controls and OA patients

Characteristics Healthy controls  
(n = 29) OA patients (n = 45) KL grade 2 (n = 12) KL grade 3 (n = 20) KL grade 4  

(n = 13)
Age (years) 63.21 ± 5.92 64.42 ± 4.62 65.75 ± 2.45 63.20 ± 5.63 65.08 ± 4.21
Gender (M/F) 12/17 20/25 4/8 9/11 7/6
BMI (kg/m2) 25.78 ± 2.59 25.70 ± 2.74 25.72 ± 3.21 25.59 ± 2.81 25.86 ± 2.33
OA, osteoarthritis; KL, Kellgren-Lawrence; M, male; F, female; BMI, body mass index.

Figure 1. The expression profile of circRNAs in synovial fluid from OA patients 
and healthy subjects. Microarray and hierarchical cluster analysis were car-
ried out in three synovial fluid samples from OA patients and healthy sub-
jects. Each row represents an individual circRNA and each column repre-
sents one sample. The color legend at the top indicates circRNA expression 
levels, red indicating high expression and green indicating low expression 
levels.
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Table 3. Annotation of top 10 up-regulated circRNAs
circRNA p-Value Log2FC Gene symbol Spliced length Position
hsa_circ_0104873 1.17E-04 3.2 IQGAP1 614 chr15:90996006-90999547
hsa_circ_0104595 5.02E-05 3.9 SCAPER 618 chr15:77046148-77059429
hsa_circ_0101748 3.56E-04 3.8 BRMS1L 820 chr14:36299886-36300706
hsa_circ_0102559 6.73E-06 3.7 NUMB 346 chr14:73753817-73759582
hsa_circ_0103994 1.73E-05 3.4 TCF12 511 chr15:57554291-57565460
hsa_circ_0101251 1.89E-07 3.3 RP11-909M7.3 169 chr14:101446913-101448922
hsa_circ_0101367 2.63E-04 3.1 APOPT1 441 chr14:104037959-104053701
hsa_circ_0104762 4.67E-05 3.2 ADAMTSL3 1023 chr15:84566609-84611834
hsa_circ_0102061 5.81E-06 3.2 NIN 711 chr14:51204857-51211083
hsa_circ_0104700 7.14E-04 3.2 HOMER2 1086 chr15:83518440-83561593

Figure 2. Verification of the top 10 up-regulated circRNAs by qRT-PCR. The expression levels of hsa_circ_0104873 (A), 
hsa_circ_0104595 (B), hsa_circ_0101748 (C), hsa_circ_0102559 (D), hsa_circ_0103994 (E), hsa_circ_0101251 
(F), hsa_circ_0101367 (G), hsa_circ_0104762 (H), hsa_circ_0102061 (I) and hsa_circ_0104700 (J) were measured 
by qRT-PCR in synovial fluid from 45 OA patients and 29 healthy controls. *P < 0.05; **P < 0.01; ***P < 0.001; n.s, 
no significant.

ROC curve (AUC) were used to assess the  
ability of using synovial fluid circRNAs as diag-
nostic tools for OA. The maximum value of the 
Youden index was used as a criterion for select-
ing the optimum cut-off point. P values less 
than 0.05 were considered statistically signifi-
cant difference. 

Results

Clinical characteristics of OA patients and 
healthy subjects

Demographic features of 45 OA patients and 
29 healthy controls are summarized in Table 2. 

The average age, sex ratio, and BMI were not 
obviously different between OA patients and 
healthy controls (P > 0.05). According to the KL 
grading system, the OA group was divided into 
three subgroups, and the demographic fea-
tures were not significantly different among the 
three subgroups (P > 0.05). 

The expression profile of circRNAs in synovial 
fluid from OA patients and healthy subjects

To investigate differentially expressed circRNAs 
in synovial fluid, 3 OA patients and 3 healthy 
subjects were selected. Microarray analysis of 
the expression profiles of circRNAs in synovial 
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Figure 3. ROC curve analysis of 5 
confirmed candidate circRNAs. Rec- 
eiver operating characteristics (ROC)  
curves and the area under the ROC 
curves (AUC) were performed to pr- 
edict the clinical diagnosis value of 
hsa_circ_0104873 (A), hsa_circ_01- 
04595 (B), hsa_circ_0101748 (C),  
hsa_circ_0101251 (D) and hsa_circ_ 
0102061 (E) for OA.

Table 4. Clinical diagnostic significance of circRNAs in OA patients
AUC p-Value 95% CI Sensitivity Specificity Youden index Cut-off

Lower Upper
hsa_circ_0104873 0.683 0.008 0.563 0.802 0.489 0.897 0.386 1.225
hsa_circ_0104595 0.708 0.002 0.592 0.824 0.422 0.931 0.353 1.495
hsa_circ_0101748 0.628 0.065 0.501 0.754 0.444 0.793 0.238 1.605
hsa_circ_0101251 0.754 < 0.001 0.645 0.863 0.733 0.759 0.492 1.270
hsa_circ_0102061 0.625 0.070 0.497 0.754 0.600 0.655 0.255 1.445

fluid was performed using the Agilent human 
circRNA Array (V2.0). Based on the FDR ≤ 0.01 
Log2 (fold change) ≥ 1.5, P < 0.001, we found 
that 47 circRNAs were differentially expressed 
between OA patients and healthy subjects, 
among which 29 circRNAs and 18 circRNAs 
were up-regulated and down-regulated, respec-
tively (Figure 1). Among the differentially 
expressed circRNAs, we selected out top 10 
circRNAs, which were significantly up-regulated 
in synovial fluid from OA patients compared 
with healthy subjects, and the expression lev-
els and annotation of these circRNAs are sum-
marized in Table 3. Gene symbols, splice len- 
gth, and position according to circBase (http://
www.circbase.org) are indicated in the table. 
Interestingly, all of the top 10 circRNAs came 
from chromosome 14 (chr14) and chr15. 
OA-related circRNAs might be predominantly 
transcribed from chr14 and chr15. Therefore, 
the distribution status of circRNAs in chromo-

somes might be related to the progression of 
OA. 

Verification of top 10 up-regulated circRNAs by 
qRT-PCR

To validate the 10 candidate circRNAs, qRT-
PCR was performed in an independent cohort 
including 45 OA patients and 29 healthy  
controls. The results demonstrated that the lev-
els of hsa_circ_0104873 (Figure 2A), hsa_
circ_0104595 (Figure 2B), hsa_circ_0101748 
(Figure 2C), hsa_circ_0101251 (Figure 2F) 
 and hsa_circ_0102061 (Figure 2I) in synovial 
fluid from OA patients were significantly higher 
than those of the healthy controls, while the 
expression of hsa_circ_0102559 (Figure 2D), 
hsa_circ_0103994 (Figure 2E), hsa_circ_ 
0101367 (Figure 2G), hsa_circ_0104762 (Fi- 
gure 2H) and hsa_circ_0104700 (Figure 2J) 
did not show any remarkable differences 
between OA patients and healthy controls. 
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ROC curve analysis of confirmed 5 candidate 
circRNAs

To investigate the diagnostic value of 5 candi-
date circRNAs for OA, receiver operating char-
acteristics (ROC) curves and the area under the 
ROC curves (AUC) were performed on data from 
all participants including 45 OA patients and 29 
healthy controls. The ROC curves showed that 
hsa_circ_0104873 (AUC = 0.683, P = 0.008; 
Figure 3A and Table 4), hsa_circ_0104595 
(AUC = 0.708, P = 0.002; Figure 3B and Table 
4) and hsa_circ_0101251 (AUC = 0.754, P < 
0.001; Figure 3D and Table 4) could separate 
the patients with OA from the healthy controls. 
Hsa_circ_0101748 (AUC = 0.628, P = 0.065; 
Figure 3C and Table 4) and hsa_circ_0102061 
(AUC = 0.625, P = 0.070; Figure 3E and Table 4) 
showed lower AUC than three others circRNAs 
and did not effectively separate OA patients 
from the healthy controls. 

Correlation between circRNAs expression lev-
els and KL grade or WOMAC scores

According to the KL grading system, OA patients 
were divided into 3 subgroups. The association 
of hsa_circ_0104873, hsa_circ_0104595 and 

hsa_circ_0101251 levels in synovial fluid with 
radiographic severity and WOMAC scores is 
illustrated in Figure 4A-C. Spearman’s rank cor-
relation analysis showed that the levels of hsa_
circ_0104873 (r = 0.631, P < 0.001), hsa_
circ_0104595 (r = 0.522, P < 0.001) and 
hsa_circ_0101251 (r = 0.587, P < 0.001) in 
synovial fluid were significantly and posi- 
tively correlated with radiographic severity in  
OA patients. Similarly, hsa_circ_0104873  
(r = 0.646, P < 0.001; Figure 4D), hsa_circ_ 
0104595 (r = 0.523, P < 0.001; Figure 4E) and 
hsa_circ_0101251 (r = 0.535, P < 0.001; 
Figure 4F) levels had a positive correlation with 
WOMAC scores in OA patients. 

Discussion

CircRNAs are widely and abundantly expressed 
in mammalian cells, and their expression levels 
are far higher than their linear isomers [26]. 
Moreover, circRNAs show more stability than 
other noncoding RNAs, such as miRNAs and 
lncRNAs [27]. These properties endow cir-
cRNAs the potential of being applicable bio-
markers for human diseases screening in rou-
tine clinical practice. Using circRNA microarray 
analysis, our study revealed significant differ-

Figure 4. The correlation between circRNA expression levels and KL grade or WOMAC scores. The correlation be-
tween hsa_circ_0104873 (A), hsa_circ_0104595 (B) and hsa_circ_0101251 (C) levels of OA patients and disease 
severity classified according to KL grading system was performed. The correlation between hsa_circ_0104873 (D), 
hsa_circ_0104595 (E) and hsa_circ_0101251 (F) levels of OA patients and WOMAC scores was performed. KL, 
Kellgren-Lawrence; WOMAC, Western Ontario McMaster University Osteoarthritis Index. 
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ences of 47 circRRNAs, 29 up-regulated, and 
18 down-regulated, with different expression 
levels in synovial fluid between OA patients and 
healthy controls. Among top 10 up-regulated 
circRNAs, microarray profiling and qRT-PCR va- 
lidation identified hsa_circ_0104873, hsa_
circ_0104595, hsa_circ_0101748, hsa_circ_ 
0101251, and hsa_circ_0102061 were in- 
creased in the synovial fluid of patients with 
OA. We conclusively proved that hsa_
circ_0104873, hsa_circ_0104595, and hsa_
circ_0101251 have high potential as diagnos-
tic biomarkers for OA.

Biomarkers of OA can be roughly classified into 
four categories: markers of bone, cartilage, 
synovium metabolism (including synthesis and 
degradation), and systemic inflammation [1]. 
Emerging evidence suggests that many of non-
coding RNA, including miRNAs and lncRNA, 
may reflect underlying disease status and dis-
ease severity of OA and can serve as potential 
markers for disease activity [10, 28]. Many of 
the dysregulated miRNAs, such as miR-9, miR-
21, and miR-148a, have been shown to regu-
late inflammatory pathways and articular carti-
lage degeneration in the progression of OA 
[29-31]. Moreover, lncRNA-HOTAIR, GAS5, and 
PMS2L2 may be new biomarkers for diagnosis 
or novel therapeutic targets of OA [11, 32]. 
CircRNAs as a new class of non-coding RNA 
have a few correlative studies on arthritis [19, 
33]. 

In our study, hsa_circ_0101251 showed the hi- 
ghest diagnostic value for OA among the three 
candidate biomarkers. Hsa_circ_0101251 is 
located in chr14:101446913-101448922, the 
spliced sequence length is 169 ribonucleoti- 
des, and its associated-gene symbol is RP11-
909M7.3. To the best of our knowledge, hsa_
circ_0101251 is quite new, and there is no 
correlative literature to uncover its functions. In 
addition, hsa_circ_0104873 and hsa_circ_ 
0104595 originate from IQGAP1 and SCAPER, 
respectively. IQ motif-containing GTPase-ac- 
tivating protein 1 (IQGAP1) is a highly con-
served cytoplasmic scaffold protein, which is 
involved in multiple signaling pathways in a 
variety of cell types [34]. Up-regulation of 
IQGAP1 plays a critical role in regulating cell 
spreading and actin skeleton formation in the 
early stages of osteoblast differentiation [35]. 
IQGAP1 silencing shows a marked decrease in 

the expression of matrix metalloproteinase 9 
(MMP9), which is significantly elevated and 
may play a role in the development of OA [36]. 
S-phase cyclin A associated protein in endo-
plasmic reticulum (SCAPER) localizes primarily 
to the endoplasmic reticulum (ER) and regu-
lates cell cycle progression by associating with 
cyclin A/Cdk2 signaling [37, 38]. These results 
suggest that IQGAP1 and SCAPER are critical 
regulators of basic cellular physiology and may 
be involved in chondrocyte dysfunction induced 
OA. These work and our findings pave new ave-
nues for understanding the role of IQGAP1 and 
SCAPER and their circRNAs in the pathogenic 
mechanism of OA. 

In our study, ROC analyses showed that hsa_
circ_0104873, hsa_circ_0104595, and hsa_
circ_0101251 might be used as novel biomark-
ers for OA with high degrees of specificity. To 
further confirm these results, Spearman’s rank 
correlation was used to determine the correla-
tion between the levels of circRNAs in synovial 
fluid and radiographic grading or symptomatic 
severity of knee OA. Our results illustrate a pro-
nounced positive correlation of three circRNAs 
with the degree of radiographic grading and 
symptomatic severity in OA patients. Therefore, 
we have reason to believe that hsa_circ_ 
0104873, hsa_circ_0104595, and hsa_circ_ 
0101251 can be used as a new alternative bio-
marker set to reflect the disease severity of OA. 
However, the underlying pathogenic mecha-
nisms of OA associated with the present cir-
cRNAs needs to be further investigated. Cu- 
rrently, some heuristic results are described by 
some researchers. For example, Liu et al. 
described that circRNA-CER function can be a 
competing endogenous RNA (ceRNA) to en- 
hance MMP-13 expression by sponging miR-
136 in human cartilage degradation [15]. Wu  
et al. demonstrated that hsa_circ_0005105 
upregulates NAMPT expression and promotes 
chondrocyte extracellular matrix degradation 
by sponging miR-26a [18]. Therefore, abnor-
mally expressed circRNAs probably play impor-
tant roles in the pathological process of OA. 

In summary, hsa_circ_0104873, hsa_circ_ 
0104595, and hsa_circ_0101251 were signifi-
cantly up-regulated in synovial fluid and were 
positively correlated with the degree of radio-
graphic grading and symptomatic severity of OA 
patients. These three circRNAs might be used 
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as diagnostic biomarkers for OA patients in rou-
tine clinical practice. 
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