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In clinical practice, osteoarthritis (OA) is frequently misdiagnosed as rheumatoid arthritis (RA) and osteonecrosis (ON), leading to
wrong treatment and disease progression. Circular RNA- (circRNA-) 016901 affects the recovery of irradiation-induced injury in
the bone, while its role in OA is unclear. This study is aimed at exploring the role of circRNA-016901 in improving the diagnostic
accuracy of OA. The present study included patients with OA (n = 80), patients with RA (n = 80), patients with ON (n = 80), and
healthy controls (HCs, n=80) to collect plasma samples before and after treatment. RT-qPCR was performed to detect RNA
accumulation of circRNA-016901 in plasma samples from all participants. The role of plasma expression of circRNA-016901 in
predicting OA was studied with ROC curve analysis. Association between plasma expression of circRNA-016901 and patients’
clinical features was analyzed with the chi-squared test. Compared to HCs, increased accumulation of circRNA-016901 was only
observed in the OA group, but not in the RA and ON groups before treatment. OA patients were effectively separated from the
RA, ON, and HC groups using plasma expression of circRNA-016901 before treatment as a biomarker. Plasma expression of
circRNA-016901 was closely associated with OA patients’ disease severity. After treatment, decreased plasma expression levels
of circRNA-016901 were only observed in OA patients, while no alteration in plasma circRNA-016901 accumulation was
observed in the RA and ON groups. In conclusion, circRNA-016901 is accumulated to high levels in OA and may be applied to

improve the diagnostic accuracy of OA.

1. Introduction

As the most frequently diagnosed arthritis, osteoarthritis
(OA) is characterized by joint pain, tenderness, stiffness,
and in some cases bone spurs [1, 2]. OA can affect the hands,
knees, and hips, leading to the loss of flexibility [3]. OA
shows different prevalence in different age and gender
groups [4]. Before 45 years old, OA tends to affect more
men than women, while most OA patients older than 45
years old are women [4]. Generally, more than 10% of peo-
ple older than 60 years old are currently suffering from OA
and no cure is available [5, 6]. Multiple approaches, such
as medication and exercise can be applied to relieve disease
symptoms, but the life quality of patients will still be severely
affected. Therefore, novel approaches are needed to guide
the future management of OA.

Early diagnosis is critical in managing OA since patho-
logical changes of OA are irreversible [7]. However, OA in
primary care center is frequently misdiagnosed as rheuma-
toid arthritis (RA) and osteonecrosis (ON). Therefore, mis-
diagnosis is common and disease progression is inevitable
[8-10]. In effect, about half of the patients with OA can
be misdiagnosed as RA during the initial diagnosis [8].
Although some approaches, such as hip measures and
implementation of specialized clinics, have been developed
to improve the diagnostic accuracy, these approaches are
either limited by the low sensitivity/specificity or are
affected by different populations [8-10]. Circular RNAs
(circRNAs) cannot encode proteins or only encode small
peptides, but they can interact with other RNAs or proteins
to participate in human diseases, including OA [11-13].
For instance, circRNAs may sponge miRNAs to suppress
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Ficure 1: Differential expression of circRNA-016901 in plasma samples from four groups. To analyze the differential accumulation of circRNA-
016901 in patients with OA (n = 80), patients with RA (n = 80), patients with ON (n = 80), and healthy controls (HCs, n = 80), plasma samples
were collected prior to the initiation of therapy. RT-qPCR was applied to determine RNA accumulation levels. **P < 0.01.
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F1GURE 2: The role of plasma circRNA-016901 in predicting OA. The role of circRNA-016901 in predicting OA was analyzed by performing
ROC curve analysis, in which the true positive and negative cases were OA patients and patients with RA (a) or patients with ON (b) or HCs

(c), respectively.

their activities in human diseases, thereby regulating the
expression of target genes [11-13]. circRNAs may also inter-
act with RNA-binding proteins to regulate protein functions
[11-13]. Therefore, circRNAs are potential biomarkers for

OA. circRNA-016901 has been reported to be involved in
irradiation-induced injury in the bone [14], where silencing
of circRNA-016901 regulates the miR-1249-5p/HIPK2 axis
to attenuate disease progression. However, its role in OA
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FIGURE 3: The effects of treatment on the accumulation of circRNA-016901 in plasma samples from three patient groups. Plasma was
obtained from the OA, RA, and ON groups at 6 weeks after the initiation of therapy to determine the expression of circRNA-016901.
OA, RA, and ON patients were treated by different methods (see details in Materials and Methods). Plasma accumulation of circRNA-
016901 was compared before (pretreatment) and after (posttreatment) treatment by performing the paired ¢-test in the OA (a), RA (b),

and ON (c) groups. **P < 0.01.

and other bone diseases is unclear. Our preliminary deep
sequencing analysis revealed altered expression of circRNA-
016901 in OA, but not in RA and ON (Supplemental File
1), suggesting the specific participation of this circRNA in
OA. This study explored the role of circRNA-016901 in
OA, RA, and ON, with a focus on its application in improv-
ing the diagnostic accuracy of OA.

2. Materials and Methods

2.1. Research Participants. The present research included
patients with OA (n =80, 44 females and 36 males, mean
age 55.4+7.8 years old), patients with RA (n=80, 44
females and 36 males, mean age 55.6+7.6 years old),
patients with ON (n =80, 44 females and 36 males, mean
age 55.5 £ 7.7 years old), and healthy controls (HCs, n = 80,
44 females and 36 males, mean age 55.6 + 7.3 years old) at
the Orthopedic Hospital of Shenyang after the Ethics Com-
mittee of the hospital approved this study. All participants
signed the informed consent. These participants were ran-
domly selected from the 522 OA patients, 398 RA patients,
179 ON patients, and 14,992 healthy controls who were
admitted at this hospital from May 2020 to May 2021.
Patients’ inclusion criteria are as follows: (1) newly diagnosed
cases, (2) no therapy was initiation prior to admission, and

(3) patients were willing to participate. Patients’ exclusion
criteria are as follows: (1) recurrent cases, (2) patients with
blood relationship, and (3) patients complicated with other
clinical disorders. OA patients were diagnosed by analyzing
X-ray images of the affected joints and symptoms. Diagnostic
criteria for OA are as follows: (1) symptoms, such as cool
effusions, crepitus, bony enlargement, and decreased range
of motion and (2) radiographic hallmarks, such as osteophyte
formation, nonuniform joint space loss, cyst formation, and
subchondral sclerosis [15]. Patients with RA were diagnosed
through a combined approaches including laboratory tests,
physical exam, medical history analysis, and imaging tests
[16]. ON patients were diagnosed by performing MRI [17].
Participants in the HC group received systemic physiological
analysis, and no abnormalities were observed.

2.2. Treatment and Plasma Preparation. OA and RA patients
were treated with NSAIDs (celecoxib (200 mg per day) or
etodolac (600-1,000mg per day)). RA patients were also
treated with prednisone (5 to 10 mg per day). Clarithromy-
cin (250-500mg per time, twice a day) was used to treat
ON patients. Dosages vary across patients. Blood was
extracted under a fasting condition before and after the
treatment (6 weeks). Blood samples were centrifuged in
EDTA tubes at 1,200 g for 18 min to collect plasma samples.



TaBLe 1: Chi-squared association analysis between plasma
circRNA-016901 and patients’ clinical features.

Features Cases High (n=40) Low (n=40) P
Gender 0.37
Male 36 20 16
Female 44 20 24
Age (years old) 0.65
38 18 20
42 22 20
BMI (kg/m?) 0.65
34 16 18
46 24 22
Smoking 0.50
Yes 33 18 15
No 47 22 25
Drinking 0.37
Yes 42 23 19
No 38 17 21
Family history 0.45
Yes 21 12 9
No 59 28 31
KL grade 0.004
2 23 6 17
3 28 13 15
4 29 21 8

2.3. RNA Preparation. RNeasy Micro Kit (QIANGEN) was
applied to prepare RNA samples from plasma samples.
Briefly, cell lysis buffer was mixed with clinical sample to a
ratio no less than 10:1. Samples were then lysed on ice for
at least 30min and then homogenized through vertex for
10s. Then, ethanol was added to cell lysate and RNA bind-
ing to membrane was performed through centrifugation at
12,000 g for 1 min. After washing with buffer for 2 times,
empty tubes were further centrifuged at 12,000 g for 3 min
to completely remove ethanol. Finally, nuclease-free water
was added and centrifugation at 12,000 g was performed
for 2 min to elute RNA.

2.4. RNA Analysis and RT-qPCR. Prior to the subsequent
analysis, the quality and quantity of RNA samples were ana-
lyzed using a 2100 Bioanalyzer. RNA preparation step was
repeated on samples with unsatisfied purity (DNA and/or
protein contamination) or integrity (RIN <8.0). Then,
RNA samples were subjected to the preparation of cDNA
samples using SuperScript™ IV First-Strand Synthesis Sys-
tem (Thermo Fisher). Samples of cDNA were used in gPCR
to quantify the relative expression levels of circRNA-016901
with GAPDH as the internal control. Mixture of qPCR was
prepared using Maxima SYBR Green/ROX qPCR Master
Mix (2X) (Thermo Scientific). The 2-delta delta Ct method
was applied for the normalization of Ct values [18]. Primer

sequences were as follows: circ-016901 forward, 5'-ACAG
CGCTACACTTGTTCCGA-3" and reverse, 5'-GACGAT
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GCTATCCAGGAGAGGT-3"; GADPH forward, 5'-CACT
GAGCAAGAGAGGCCCTAT-3" and reverse, 5'-GCAG
CGAACTTTATTGATGGTATT-3'. All qPCRs were per-
formed on a Bio-Rad CFX96 Real-Time PCR Machine.
PCR thermal conditions were as follows: 2 min at 95°C and
then 40 cycles of 10s at 95°C and 50 at 58°C.

2.5. Statistical Methods. Data from two time points and mul-
tiple groups were compared by the paired t-test and
ANOVA Tukey’s test to explore differences, respectively.
The role of circRNA-016901 in predicting OA was analyzed
by performing ROC curve analysis, in which the true posi-
tive and negative cases were OA patients and patients with
RA or patients with ON or HCs, respectively. Association
between plasma expression of circRNA-016901 and patients’
clinical features was analyzed with the chi-squared test after
the 80 patients were grouped into high- and low-circRNA-
016901 level groups (median value as a cutoft value). P <
0.05 was statistically significant.

3. Results

3.1. Differential Expression of circRNA-016901 in Plasma
Samples from Four Groups. To analyze the differential expres-
sion of circRNA-016901 in patients with OA (n = 80), patients
with RA (n = 80), patients with ON (n = 80), and healthy con-
trols (HCs, n = 80), plasma samples were collected prior to the
initiation of therapy. Expression levels of circRNA-016901
were determined through RT-qPCR, and relative gene expres-
sion levels were calculated. Relative expression levels of
circRNA-016901 in the OA, RA, ON, and HCs groups were
7.81+3.01,3.43+1.12, 3.53 £ 1.23, and 3.61 + 1.32, respec-
tively. RT-qPCR analysis showed increased expression levels
of circRNA-016901 in the OA group (1.77-fold) compared
to that in HCs, but not in the RA and ON groups before treat-
ment (Figure 1, P < 0.05).

3.2. The Role of Plasma Expression of circRNA-016901 in
Predicting OA. The role of circRNA-016901 in predicting
OA was analyzed by performing ROC curve analysis, in
which the true positive and negative cases were OA patients
and patients with RA or patients with ON or HCs, respec-
tively. With plasma expression of circRNA-016901 as a bio-
marker, OA patients were efficiently separated from RA
patients (Figure 2(a)), ON patients (Figure 2(b)), and HCs
(Figure 2(c)). Therefore, plasma circRNA-016901 may be
applied in clinical practice to improve the diagnostic accu-
racy of OA.

3.3. The Effects of Treatment on the Expression of circRNA-
016901 in Plasma Samples from Three Patient Groups.
Plasma was obtained from all three groups of patients
(OA, RA, and ON) at 6 weeks after the initiation of therapy.
Plasma accumulation of circRNA-016901 was compared
before and after treatment. After treatment, decreased
plasma expression levels of circRNA-016901 were only
observed in OA patients (Figure 3(a), P <0.01, 1.44-fold),
while no significant alteration in plasma expression of
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FIGURE 4: The role of plasma circRNA-016901 in distinguishing disease severity. The 80 patients included 23, 28, and 29 cases at KL grades
2, 3, and 4, respectively. The role of plasma circRNA-016901 in distinguishing grade 2 (true positive cases) from grade 3 (true negative cases,
a) and 4 (true negative cases, b) patients and in distinguishing grade 3 (true positive cases) patients from grade 4 (true negative cases, c)

patients was studied with ROC curve analysis.

circRNA-016901 was observed in the RA (Figure 3(b)) and
ON (Figure 3(c)) groups.

3.4. Associations between Plasma circRNA-016901 and
Patients’ Clinical Features. Associations between plasma
expression of circRNA-016901 and patients’ clinical features
were analyzed with the chi-squared test. As shown in Table 1,
plasma expression of circRNA-016901 was closely associated
with OA patients’ disease severity (KL grade), but not gender,
age, BMI, and habits of smoking and drinking.

3.5. The Role of Plasma Expression of circRNA-016901 in
Distinguishing Disease Severity. The 80 patients included
23, 28, and 29 cases at KL grades 2, 3, and 4, respectively.
The role of plasma expression of circRNA-016901 in distin-
guishing disease severity was analyzed by performing ROC
curve analysis. Using plasma expression of circRNA-
016901 as a biomarker, grade 2 (true positive cases) patients
were effectively separated from grade 3 (true negative cases,
Figure 4(a)) and 4 (true negative cases, Figure 4(b)) patients.
Moreover, grade 3 (true positive cases) patients were also

effectively separated from grade 4 (true negative cases,
Figure 4(c)) patients.

4. Discussion

This study investigated the expression of circRNA-016901 in
plasma of patients with OA, RA, and ON. Our results dem-
onstrated altered expression of circRNA-016901 in OA
plasma samples. Moreover, we also showed that plasma
expression of circRNA-016901 may be applied in clinical
practice as a biomarker to predict OA, treatment outcomes,
and disease severity.

In a recent study, circRNA-016901 is reported to interact
with the miR-1249-5p/HIPK2 axis in bone mesenchymal
stem cells, and silencing of circRNA-016901 attenuates cell
injury induced by irradiation [14]. Since bone mesenchymal
stem cells also play critical roles in the development of OA,
we speculated that this circRNA may also participate in
OA. The present study reported the increased expression
levels of circRNA-016901 in OA plasma samples, but not
in RA and ON plasma samples compared to that in HC



plasma samples. Therefore, circRNA-016901 may specifically
participate in OA. However, the role of circRNA-016901 in
OA and the mechanisms that mediate its role remain to be
further investigated [19]. In addition, the causes of the upreg-
ulation of circRNA-016901 in OA are unclear. However, it is
known that molecular mechanisms of OA, RA, and ON are
quite different, and different genes are involved in disease ini-
tiation, development, and progression [20, 21]. Therefore,
the different gene expression networks involved in RA may
cause the specific upregulation of circRNA-016901.

Although previous studies have reported the application
of circRNAs as biomarkers for the diagnosis of OA [22, 23],
these studies only included HCs as true negative cases in
ROC curve analysis. For instance, using increased serum
expression levels of circ. RUNX2 as a biomarker, patients
with OA were separated from controls [22]. In another
study, the application of blood hsa_circ_0032131 in separat-
ing OA patients from the controls has also been investigated
[23]. However, OA in primary care center can be misdiag-
nosed as RA or even ON in many cases. Using only HCs
as true negative cases cannot fully explore the clinical value
of biomarkers for OA. In this study, we showed that OA
patients were effectively separated from RA and ON patients
using circRNA-016901 patients. Moreover, decreased
plasma expression levels of circRNA-016901 were only
observed in OA patients after treatment. In addition, plasma
expression of circRNA-016901 can also be used to distin-
guish OA patients with disease severity. Therefore, detection
of plasma expression levels of circRNA-016901 may be
applied in clinical practice to improve the diagnosis of OA
and its severity. It can also be used as an indicator of disease
treatment.

In conclusion, plasma expression of circRNA-016901
was specifically upregulated in OA. Increased plasma expres-
sion levels of circRNA-016901 may be applied to improve
the diagnosis of OA and used as an indicator of its treatment
and disease severity.

Data Availability

The datasets generated during and/or analyzed during the
current study are not publicly available but are available
from the corresponding authors on reasonable request.

Ethical Approval

This study was approved by Ethics Committee of the Ortho-
pedic Hospital of Shenyang.

Consent

All patients signed informed consent.

Conflicts of Interest

The authors declare that they have no competing interest.

BioMed Research International

Authors’ Contributions

MD and YL designed this study. MD and SF conducted this
study. YH and JG helped in making analysis data. The man-
uscript was prepared by MD and revised by SF, YL, YH, and
JG. All authors approved the submission.

Supplementary Materials

Supplemental File 1: deep sequencing analysis of circRNA-
016901 expression in OA, RA, and ON patients and healthy
controls (reads per million). (Supplementary Materials)

References

[1] D.J. Hunter and S. Bierma-Zeinstra, “Osteoarthritis,” Lancet,
vol. 393, no. 10182, pp. 1745-1759, 2019.

[2] E. R. Vina and C. K. Kwoh, “Epidemiology of osteoarthritis:

literature update,” Current Opinion in Rheumatology, vol. 30,

no. 2, pp. 160-167, 2018.

T. Funck-Brentano, M. Nethander, S. Movérare-Skrtic,

P. Richette, and C. Ohlsson, “Causal factors for knee, hip,

and hand osteoarthritis: a Mendelian randomization study in

the UK Biobank,” Arthritis & Rheumatology, vol. 71, no. 10,

pp. 1634-1641, 2019.

D. Prieto-Alhambra, A. Judge, M. K. Javaid, C. Cooper,

A. Diez-Perez, and N. K. Arden, “Incidence and risk factors

for clinically diagnosed knee, hip and hand osteoarthritis:

influences of age, gender and osteoarthritis affecting other

joints,” Annals of the Rheumatic Diseases, vol. 73, no. 9,

pp. 1659-1664, 2014

[5] K. Sinusas, “Osteoarthritis: diagnosis and treatment,” Ameri-
can Family Physician, vol. 85, no. 1, pp. 49-56, 2012.

[6] M. T. S. Khalid, Z. Aslam, and A. Butt, “Osteoarthritis: from
complications to cure,” Journal of Clinical Rheumatology,
vol. 12, no. 6, pp- 160-167, 2017.

[7] C. R. Chu, A. A. Williams, C. H. Coyle, and M. E. Bowers,
“Early diagnosis to enable early treatment of pre-osteoarthri-
tis,” Arthritis Research & Therapy, vol. 14, no. 3, p. 212, 2012.

[8] P.Santos-Moreno, O. Andrade, W. Chona et al., “Osteoarthri-
tis as a frequent cause of misdiagnosis of rheumathoid arthritis
and how to perform correct diagnosis,” Osteoarthritis and Car-
tilage, vol. 20, no. 1, article 248, 2012.

[9] P.Santos-Moreno, L. Villarreal, G. Ballesteros et al., “SAT0469
osteoarthritis is the most frequent cause of rheumathoid
arthritis misdiagnosis in a Colombian specialized center,”
Colombian Specialized Center, vol. 75, Suppl 2, pp. 840-840,
2016.

[10] F.R. Nelson, V. S. Bhandarkar, and T. A. Woods, “Using hip
measures to avoid misdiagnosing early rapid onset osteoarthri-
tis for osteonecrosis,” The Journal of Arthroplasty, vol. 29,
no. 6, pp. 1243-1247, 2014.

[11] H.Z.Li, Z. Lin, X. H. Xu, N. Lin, and H. D. Lu, “The potential
roles of circRNAs in osteoarthritis: a coming journey to find a
treasure,” Bioscience Reports, vol. 38, no. 5, 2018.

[12] Y. Wu, X. Lu, B. Shen, and Y. Zeng, “The therapeutic potential
and role of miRNA, IncRNA, and circRNA in osteoarthritis,”
Current Gene Therapy, vol. 19, no. 4, pp. 255-263, 2019.

[13] G. D. Ehrlich, “Circular RNAs as diagnostic biomarkers for
osteoarthritis,” Genetic Testing and Molecular Biomarkers,
vol. 23, no. 10, pp. 701-702, 2019.

[3

—_

[4

s


https://downloads.hindawi.com/journals/bmri/2022/1158562.f1.docx

BioMed Research International

(14]

(15]

(16]

(17]

(18]

(19]

(20]

[21]

(22]

(23]

X. Wen, J. Zhang, W. Yang et al., “circRNA-016901 silencing
attenuates irradiation-induced injury in bone mesenchymal
stem cells via regulating the miR-1249-5p/HIPK?2 axis,” Exper-
imental and Therapeutic Medicine, vol. 21, no. 4, p. 355, 2021.

J. N. Katz, K. R. Arant, and R. F. Loeser, “Diagnosis and treat-
ment of hip and knee osteoarthritis: a review,” Journal of the
American Medical Association, vol. 325, no. 6, pp. 568-578,
2021.

D. Aletaha and J. S. Smolen, “Diagnosis and management of
rheumatoid arthritis,” Journal of the American Medical Associ-
ation, vol. 320, no. 13, pp. 1360-1372, 2018.

D. Zhao, F. Zhang, B. Wang et al., “Guidelines for clinical diag-
nosis and treatment of osteonecrosis of the femoral head in
adults (2019 version),” Journal of Orthopaedic Translation,
vol. 21, pp. 100-110, 2020.

K. J. Livak and T. D. Schmittgen, “Analysis of relative gene
expression data using real-time quantitative PCR and the
2744 -C- method,” Methods, vol. 25, no. 4, pp. 402-408, 2001.

A. A. Nurul, M. Azlan, M. R. Ahmad Mohd Zain, A. A. Sebas-
tian, Y. Z. Fan, and M. B. Fauzi, “Mesenchymal stem cells:
current concepts in the management of inflammation in
osteoarthritis,” Biomedicine, vol. 9, no. 7, p. 785, 2021.

Z.L1i, Y. Wang, K. Xiao, S. Xiang, Z. Li, and X. Weng, “Emerg-
ing role of exosomes in the joint diseases,” Cellular Physiology
and Biochemistry, vol. 47, no. 5, pp. 2008-2017, 2018.

P. L. A. Chinese, “Analysis of differentially expressed genes in
osteonecrosis of femoral head, osteoarthritis, and rheumatoid
arthritis by integrated microarray analysis,” 2021.

C. Wang, N. Li, Q. Liu et al., “The role of circRNA derived
from RUNX2 in the serum of osteoarthritis and its clinical
value,” Journal of Clinical Laboratory Analysis, vol. 35, no. 7,
article e23858, 2021.

Y. Wang, C. Wu, Y. Yang, Z. Ren, M. J. Lammi, and X. Guo,
“Preliminary exploration of hsa_circ_0032131 levels in
peripheral blood as a potential diagnostic biomarker of osteo-
arthritis,” Genetic Testing and Molecular Biomarkers, vol. 23,
no. 10, pp. 717-721, 2019.



	The Application of circRNA-016901 in Improving the Diagnostic Accuracy of Osteoarthritis
	1. Introduction
	2. Materials and Methods
	2.1. Research Participants
	2.2. Treatment and Plasma Preparation
	2.3. RNA Preparation
	2.4. RNA Analysis and RT-qPCR
	2.5. Statistical Methods

	3. Results
	3.1. Differential Expression of circRNA-016901 in Plasma Samples from Four Groups
	3.2. The Role of Plasma Expression of circRNA-016901 in Predicting OA
	3.3. The Effects of Treatment on the Expression of circRNA-016901 in Plasma Samples from Three Patient Groups
	3.4. Associations between Plasma circRNA-016901 and Patients’ Clinical Features
	3.5. The Role of Plasma Expression of circRNA-016901 in Distinguishing Disease Severity

	4. Discussion
	Data Availability
	Ethical Approval
	Consent
	Conflicts of Interest
	Authors’ Contributions
	Supplementary Materials



