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Expression and clinical significance of circular RNAs
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Abstract. Circular RNAs (circRNAs) are a novel class of
RNAs that may be used as biomarkers in clinical blood
samples. However, the role of circRNAs in rheumatoid
arthritis (RA) has not been extensively investigated. In the
present study, six circRNAs, including hsa_circ_0082689,
hsa_circ_0087798, hsa_circ_0000175, hsa_circ_0008410,
hsa_circ_0049356 and hsa_circ_0032959 levels were
determined in peripheral blood mononuclear cells (PBMCs)
collected from 24 patients with RA and 24 healthy controls
(HC) by reverse transcription-quantitative polymerase
chain reaction (RT-qPCR) analysis. Hsa_circ_0000175 and
hsa_circ_0008410 were selected for further evaluation in an
independent cohort consisting of 63 patients with RA, 50 with
systemic lupus erythematosus (SLE), 24 with ankylosing
spondylitis (AS) and 21 HC. Spearman's rank correlation coef-
ficient was used to analyze the correlation between these two
circRNAs and the clinical characteristics of RA, and receiver
operating characteristic (ROC) curves were constructed to
evaluate their value in RA diagnosis. Multivariate analysis
(logistic regression) was used to analyze the risk factors. Of
the six selected circRNAs, the expression of hsa_circ_0000175
was found to be significantly reduced and the expression of
hsa_circ_0008410 was significantly elevated in PBMCs from
patients with RA compared with their levels in HC. The expres-
sion of hsa_circ_0000175 in patients with RA was correlated
with anti-citrullinated protein antibodies, white blood cell
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count, lymphocyte count, lymphocyte percentage, neutrophil
count, neutrophil percentage and neutrophil-to-lymphocyte
ratio. Furthermore, the expression of hsa_circ_0008410 was
correlated with tender joint count, disease duration, platelet
count and plateletcrit, indicating the activity and severity of
RA. ROC curve analysis suggested that hsa_circ_0000175,
hsa_circ_0008410, and the combination of hsa_circ_0000175
and hsa_circ_0008410 have significant value in the diag-
nosis of RA. Hsa_circ_0000175 and hsa_circ_0008410 also
differed significantly between patients with RA, and those
with SLE and AS. Moreover, logistic regression analysis
revealed that the expression of PBMC hsa_circ_0000175 and
hsa_circ_0008410 were risk factors for RA. Therefore, PBMC
hsa_circ_0000175, hsa_circ_0008410, and the combination of
PBMC hsa_circ_0000175 and hsa_circ_0008410 may improve
the diagnostic accuracy for RA. In addition, the expression
levels of PBMC hsa_circ_0000175 and hsa_circ_0008410
were associated with disease activity and severity of RA.

Introduction

Rheumatoid arthritis (RA) is a chronic debilitating systemic
autoimmune disease that affects 1% of the population and
may lead to permanent joint destruction resulting insignifi-
cant morbidity (1). Early and accurate diagnosis is important
for selecting an effective treatment, maintaining the quality
of life and improving the survival rate of RA. The current
conventional methods for RA diagnosis primarily include
the American College of Rheumatology (ACR) classification
criteria (2). However, The ACR RA classification criteria,
including clinical and laboratory characteristics, have various
disadvantages regarding early diagnosis (3), such as subjec-
tive clinical diagnosis, the need for refinement using objective
and more sensitive imaging modalities, and the relatively low
sensitivity of anti-citrullinated protein antibodies (ACPA) for
RA (72%). Therefore, identifying appropriate novel biomarkers
for early diagnosis of RA is urgently required.

Novel diagnostic methods, such as linear RNAs, including
microRNAs (miRNAs) and long non-coding RNAs, have been
demonstrated to be useful as biomarkers for the diagnosis of
RA (4-7). Circular RNAs (circRNAS) are a novel class of RNAs
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that form from the covalent linkage of the 3' and 5' ends to
produce a closed loop (8,9). Accumulating evidence indicates
that several circRNAs regulate various physiological and path-
ological processes by acting as competing endogenous RNAs
(ceRNAs) to restrain the activity of miRNAs (10-12). circRNAs
differ from linear RNAs in that they can resist RNase diges-
tion and exhibit high stability, which allows circRNAs to be
selectively enriched during sample processing and makes them
more suitable biomarkers compared with linear RNAs (13,14).
Recent evidence has indicated that circRNAs may serve as
novel biomarkers in the diagnosis and prognosis of numerous
diseases (15,16). In 2017, Ouyang et al (17) confirmed that five
circRNAs (092516, 003524, 103047, 104871 and 101873) that
were found to be increased in peripheral blood mononuclear
cells (PBMCs) from patients with RA are potential biomarkers
for RA diagnosis. Our previous 2018 study revealed that
peripheral blood hsa_circ_0044235 may act as a biomarker
for RA diagnosis (18). More recently, Tang ef al (19) quantified
the elevated expression of ciRS-7 in PBMC and suggested that
it may be a suitable diagnostic biomarker for RA. However, the
diagnostic value of these reported circRNAS is not optimal,
due to the low or moderate area under the receiver operating
characteristic (ROC) curve (AUC). Therefore, novel circRNA
biomarkers for early diagnosis and prognosis of RA must be
identified. Our previous study revealed that certain circRNAs
in PBMCs were differentially expressed between patients with
systemic lupus erythematosus (SLE), which is a common auto-
immune disease, and healthy controls (HC) (20). Considering
that RA is also a common autoimmune disease, three
upregulated (hsa_circ_0082689, hsa_circ_0087798, hsa_
circ_0000175) and three downregulated (hsa_circ_0008410,
hsa_circ_0049356 and hsa_circ_0032959) circRNAs, which
were found to be significantly aberrant in both peripheral
blood mononuclear cells (PBMCs) from patients with SLE in
our previous study (20), and T cells from patients with SLE in
previous literature (21), were selected to explore the possibility
of being used as biomarkers for diagnosis of RA.

Materials and methods

Patient variables. Patients (n=87) who fulfilled the revised
ACR 2010 criteria for RA (2) were consecutively enrolled from
The First Affiliated Hospital of Nanchang University (Jiangxi,
China) between September 2018 and March 2019. Those RA
patients accompanied by other autoimmune, inflammatory or
hormonal disease, cancer or mental disorder were excluded. All
patients had new-onset RA and had not received corticosteroids
or immunosuppressive drugs prior to recruitment. Then, 9
new-onset RA cases were administered therapeutic regimens
with corticosteroids and immunosuppressive drugs for at least
15 days. The information on disease activity score 28 (DAS28),
swollen joint count (SJC), tender joint count (TJC), patient visual
analogue scale (VAS), disease activity, erythrocyte sedimenta-
tion rate (ESR), C-reactive protein (CRP), ACPA, rheumatoid
factor (RF), white blood cell count (WBC), red blood cell
count (RBC), hemoglobin, hematocrit (HCT), platelet count
(PLT), mean platelet volume (MPV), plateletcrit (PCT), platelet
distribution width (PDW), lymphocyte count (L), lymphocyte
percentage (L%), monocyte count (M), monocyte percentage
(M%), neutrophil count (N), neutrophil percentage (N%),
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neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lympho-
cyte ratio (PLR) was collected. HC (n=45) without autoimmune
or inflammatory diseases and who were also unrelated to
patients with autoimmune diseases were randomly enrolled
from the First Affiliated Hospital of Nanchang University
between September 2018 and March 2019. As a disease
control, 91 patients with autoimmune diseases [S0 SLE and
41 ankylosing spondylitis (AS) cases] clinically confirmed by
the diagnostic criteria of SLE (22) and the diagnostic criteria
of AS (23) after excluding RA, were also enrolled from the
First Affiliated Hospital of Nanchang University during the
same period. All study protocols complied with the principles
outlined in the Declaration of Helsinki and were approved
by the Ethics Committee of the First Affiliated Hospital of
Nanchang University (ethics no. 019). All participants provided
signed informed consent.

Collection of PBMCs and total RNA extraction. Blood samples
(2 ml) were collected from all subjects in K2-EDTA tubes,
and PBMCs were isolated by density-gradient centrifugation
using Ficoll-Paque Plus (GE Healthcare Life Sciences) at
25°C. TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
Inc.) was added to the PBMCs and stored at -80°C. Total RNA
extraction from PBMC specimens was carried out according
to the manufacturer's instructions. The concentration and
integrity of the RNA was assessed by a NanoDrop ND-1000
spectrophotometer (Agilent Technologies, Inc.).

Reverse transcription-quantitative PCR (RT-gPCR) analysis.
RT and qPCR were performed with PrimeScript™ RT kit
(Takara Bio Inc.) and SYBR Premix Ex Taq™ II (Takara
Bio Inc.), respectively. RT-qPCR was performed on an ABI
7500 Real Time PCR system (Applied Biosystems; Thermo
Fisher Scientific, Inc.) with the following PCR thermocycler
protocol: Initial denaturation step at 95°C for 5 min, followed
by 40 cycles of 95°C for 15 sec (denaturation), 60°C for 1 min
(annealing and elongation) and 72°C for 2 min (final exten-
sion). The selected circRNAs for RT-qPCR analysis are shown
in Table I. 3-actin was used as an internal control. The primers
used in RT-qPCR are listed in Table II. The data were analyzed
using the 2444 method (15).

Statistical analysis. Statistical analysis and graphic presenta-
tion were carried out with GraphPad Prism 5.0 (GraphPad
Software, Inc.) and SPSS version 17.0 (SPSS Inc.). The equa-
tion n=7’x6%d*=1.28%x0.5%/0.1*=40.96 was used to calculate
minimal sample size. A Student's t-test was used between
two groups where the samples passed the normality test;
otherwise, the non-parametric Mann-Whitney test was used to
analyze the data. The paired t-test was performed for evalua-
tion of changes in treatment. Kruskal-Wallis test was used for
statistical analysis between three or more groups followed by
a Dunn's post-hoc test for subsequent analyses between indi-
vidual groups. Spearman's rho method was used for correlation
analysis. Multivariate analysis (logistic regression) was used
to analyze the risk factors. ROC curves were constructed to
evaluate the diagnostic value of circRNAs that were dysregu-
lated in the PBMCs of patients with RA compared with HC,
SLE and AS. P<0.05 was considered to indicate statistically
significant differences.
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Table I. Details of the selected circRNAs.

circRNAs Source Chrom Strand circRNA_type GeneSymbol
hsa_circ_0082689 circBase chr7 - Exonic PARP12
hsa_circ_0087798 circBase chr9 + Exonic NIPSNAP3A
hsa_circ_0000175 circBase chrl - Exonic ELK4
hsa_circ_0008410 circBase chrl7 + Intronic PGS1
hsa_circ_0049356 circBase chr19 + Exonic CARM1
hsa_circ_0032959 circBase chr14 - Exonic CCDC88

circRNAs, circular RNAs.

Table II. Specific circRNAs primers used for RT-qPCR analysis.

circRNAs

Primer sequence (F)

Primer sequence (R)

hsa_circ_0082689
hsa_circ_0087798
hsa_circ_0000175
hsa_circ_0008410
hsa_circ_0049356
hsa_circ_0032959
[-actin

GTCCCCAAACACTCTTAGCCA
GCAGTTCATGTTCTTTGGTGGA
GCCCATTTTCCCCAGACCTAC
CTGCTTTTGTCCTTGAAGCCAG
CACCAAGGCCAACTTCTGGTA
ACAGCTGGACATTGAGACCC
TACTGCCCTGGCTCCTAGCA

CACACTCAGGTTGTGTTCGG
CTGGGTCCCGTAGCAAAAGA
GGAACTGCCACAGGGTGATA
CACCAGCTCCGTGAAGAAGTC
CGGTCCGTCAGGTTGTTACT
TTTCCTCTCACACTGGACAGC
TGGACAGTGAGGCCAGGATAG

circRNAs, circular RNAs; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; F, forward; R, reverse.

Results

Characteristics of the study subjects. A total of 223 subjects
were enrolled in the present study, including 87 patients with
RA, 50 patients with SLE, 45 HC and 41 patients with AS. RA
patients were classified into screening and validation cohorts.
The screening cohort included 24 RA patients and 24 HC. An
independent cohort consisting of 63 RA patients and 21 HC
were enrolled in the validation set for evaluation of abnormal
circRNAs. The characteristics of the study subjects are
summarized in Table III. There were no significant differences
between RA patients and HC regarding age or sex. Due to the
differences in age and sex among RA, AS and SLE patients
(the incidence of RA was high among women of 50-60 years,
the incidence of AS was high among young male patients and
the incidence of SLE was high among women of childbearing
age), patients with RA, AS and SLE were not age-matched,
and patients with RA and AS were not sex-matched in the
present study. No correlation between circRNA levels and age
or sex was observed in AS, SLE, RA or HC (data not shown).

PBMC hsa_circ_0000175 and hsa_circ_0008410 expres-
sion is abnormal in RA patients. The expression of
hsa_circ_0082689, hsa_circ_0087798, hsa_circ_0000175,
hsa_circ_0008410, hsa_circ_0049356 and hsa_circ_0032959
in PBMCs was first detected in the screening cohort including
24 RA patients and 24 HC using RT-PCR. Compared with HC,
the expression of hsa_circ_0000175 and hsa_circ_0008410
was significantly different in the PBMCs from patients with RA

(all P<0.05, Fig. 1), while the expression of hsa_circ_0082689,
hsa_circ_0087798, hsa_circ_0049356 and hsa_circ_0032959
did not significantly differ between the two groups.

Validation of PBMC hsa_circ_0000175 and hsa_
circ_0008410 expression in the second stage. Subsequently,
the expression of hsa_circ_0000175 and hsa_circ_0008410
in PBMCs was verified in an independent cohort, including
63 RA patients and 21 HC. In accordance with the screening
results, the expression of hsa_circ_0000175 in PBMCs from
63 RA patients was significantly decreased compared with
that in 21 HC (P<0.0001, Fig. 2A), whereas the expression of
hsa_circ_0008410 was significantly increased in the PBMCs
from 63 RA patients compared with that in 21 HC (P<0.0001,
Fig.2B). When considering the data from all 87 RA patients and
45 HC, the same patterns were observed in hsa_circ_0000175
and hsa_circ_0008410 between RA patients and HC (both
P<0.0001, Fig. 2C and D).

Correlation of PBMC hsa_circ_0000175 and hsa_
circ_0008410 expression with clinical characteristics of
RA. To investigate whether the expressions of PBMC hsa_
circ_0000175 and hsa_circ_0008410 in RA patients could be
considered as biomarkers for the activity and severity of the
disease, Spearman's tho method was used to assess the asso-
ciation between the expression of PBMC hsa_circ_0000175
and hsa_circ_0008410 in RA patients with clinical charac-
teristics, including DAS28, TJC, TIC, VAS, disease duration,
ACPA, RF, ESR, CRP, WBC, RBC, HGB, HCT, PLT, MPV,
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Table III. Clinical characteristics of the patients with RA, HC, SLE and AS.

Clinical characteristic RA HC AS SLE
Number of subjects 87 45 41 50
Sex
Male 16 10 200 4
Female 71 35 12° 46
Age, years 49.89+12.86 452441343 31.02+9.96° 35.85£15.48°
Days since diagnosis 1,400.01+2,268.53
DAS28-ESR 5.99+1.51
DAS28-CRP 5.35+1.38
SIC 10.83+7.65
PIC 12.53+7.54
VAS 48.44+31.39
RF, IU/ml 436.02+558.63
ACPA,RU/ml 911.04+972.24
ESR, mm/h 51.04+£33.32 20.08+20.85° 63.49+36.74
CRP, mg/1 27.54+32.13 11.08+16.04° 17.86+33.18
WBC, 10%/1 7.97+2.39° 5.74+0.83 7.40+1.66 6.32+3.66°
RBC, 10'%/1 4.37+0.512 4.56+0.37 4.78+0.71° 3.75+0.82°
HGB, g/l 124.60+19.99* 138.87+11.37 140.78+20.59° 117.66+77.67¢
HCT, 1/1 0.38+0.05* 041+0.03 0.43+0.06° 0.33+0.08°
PLT, 10°1 329.36+121.63* 244 .20+51.96 319.88+69.42 201.50+£105.79¢
MPV, fl 10.22+1 .41 10.91+0.89 0.46+1.02° 10.63+1.27
PCT, % 0.33+0.11* 0.26+0.05 0.30+0.06 0.25+0.09¢
PDW, fl 12.61+£3.29* 12.9+2 .48 14.06+2.62° 12.95+2.67
L, 10°1 1.64+0.58* 1.84+0.31 2.08+0.57° 1.25+0.64°
L, % 21.57£8.51* 32.41+£5.31 28.51+7.13° 23.37x10.46
M, 10°/1 0.43+0.17* 0.35+0.07 0.44+0.15 0.49+0.39
M, % 5.63+2.04* 6.12+1.30 6.07+1.96 7.77+3.24¢
N, 10°1 5.74£2 25° 342+0.71 4.70+1.38° 4.51£3.16°
N, % 70.47+10.45* 59.04+5.95 62.98+7.53° 67.80+£11.87
PLR 237.62+181.47* 136.03+36.19 164.94+57 32° 191.23+136.05°¢
NLR 4.12+2.73* 1.90+0.50 2.43+0.98° 4.26+3.84

1P<0.05 RA compared to HC, "P<0.05 AS compared to RA, °P<0.05 SLE compared to RA. ACPA, anticitrullinated protein antibodies; AS,
ankylosing spondylitis; CRP, C-reactive protein; DAS28, disease activity score; ESR, erythrocyte sedimentation rate; HC, healthy controls;
HCT, hematocrit; HGB, hemoglobin; L, lymphocyte count; L%, lymphocyte percentage; M, monocyte count; M%, monocyte percentage;
MPV, mean platelet volume; N, neutrophils count; N%, neutrophils percentage; NLR, neutrophil-to-lymphocyte ratio; PCT, plateletcrit; PDW,
platelet distribution width; PLR, platelet-to-lymphocyte ratio; PLT, platelet count; PJC, pain joint count; RA, Rheumatoid arthritis; RBC, red
blood cell count; RF, rheumatoid factors; SLE, systemic lupus erythematosus; SJC, swollen joint count; VAS, visual analogue scale; WBC,

white blood cell count.

PCT, PDW, L, L%, M, M%, N, N%, NLR and PLR. As shown
in Fig. 3, the expression of PBMC hsa_circ_0000175 in RA
patients was correlated with ACPA (r,=-0.294, P=0.0090),
WBC (r,=-0.246, P=0.0216), L (r,=0.226, P=0.0356), L%
(r,=0.350,P=0.0009), N (r,=-0.295, P=0.0056), N% (r,=-0.343,
P=0.0011) and NLR (r,=-0.367, P=0.0005), and the expression
of PBMC hsa_circ_0008410 in RA patients was correlated
with TIC (r,=0.213, P=0.0471), disease duration (r,=0.211,
P=0.0498), PLT (r;=0.241, P=0.0247) and PCT (r,=0.267,
P=0.0138), which indicated the activity and severity of RA.
Subsequently, the expression of PBMC hsa_circ_0000175
and hsa_circ_0008410 was detected in 9 new-onset RA cases

pre- and post-treatment; however, there was no difference
between pre- and post-treatment levels (data not shown).

Diagnostic value of PBMC hsa_circ_0000175 and hsa_
circ_0008410 expression in RA patients. Next, ROC curves
were produced to investigate the diagnostic value of PBMC
hsa_circ_0000175 and hsa_circ_0008410 expression in RA.
The data indicated that PBMC hsa_circ_0000175 expres-
sion had a moderate ability to distinguish RA patients from
HC, with an AUC of 0.835, a cut-off of <0.936, a sensitivity
of 86.21% and a specificity of 73.33% (Fig. 4A), PBMC
hsa_circ_0008410 expression also had a moderate ability to
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Figure 1. Screening of abnormally expressed circRNAs in PBMCs from 24 RA patients and 24 HC. (A) The expression of hsa_circ_0082689 exhibited no
differences between the two groups (Student's t-test). (B) The expression of hsa_circ_0087798 exhibited no differences between the two groups (Student's t-test).
(C) The expression of hsa_circ_0000175 in patients with RA was significantly lower compared with that in HC (Mann-Whitney U test). (D) The expression of
hsa_circ_0008410 in patients with RA was significantly higher compared with that in HC (Mann-Whitney U test). (E) The expression of hsa_circ_0049356
exhibited no differences between the two groups (Student's t-test). (F) The expression of hsa_circ_0032959 exhibited no differences between the two groups
(Mann-Whitney test). CircRNAs, circular RNAs; HC, healthy controls; PBMC, peripheral blood mononuclear cells; RA, rheumatoid arthritis.

A B
— — P<0.0001
§ 2 P<0.0001 g 159 _ ,
o | E— | S L]
& )
wn 15 " o L]
g 0':.‘ :l E T -
S 10 eyt o 8 "
s . A S aegpnt
| u | 5+ L ]
£ 0.5 g 1 4 1
= u ‘s *® o
I L' L | - g al
& 00 ' Sun® 3 0 2Oegave sk
= HC RA = HC RA
C D
£ 20, p<0.0001 £ 15, P<0.0001
— ——
1.5
w0 (LY AT =
= 20 %00 g -
o =] ull
o 1.04 e =3 L1
s P b4 T |
1 Sage® | 5+
£ 05 . £ ~ e
5 :. o (LT 3
o o
@ 0.0 T T w 0 ‘ﬁ
= HC RA = HC RA

Figure 2. Validation the expression of PBMC hsa_circ_0000175 and hsa_circ_0008410 in the second stage. (A) The expression of hsa_circ_0000175 in
PBMCs from 63 RA patients was significantly decreased compared with that in 21 HC (Mann-Whitney test). (B) The expression of hsa_circ_0008410 in
PBMC:s from 63 RA patients was significantly increased compared with that in 21 HC (Mann-Whitney test). (C) The expression of hsa_circ_0000175 in PBMC
from all 87 RA patients was significantly decreased compared with that in all 45 HC (Student's t-test). (D) The expression of hsa_circ_0008410 in PBMC

from all 87 RA patients was significantly increased compared with that in all 45 HC (Mann-Whitney test). HC, healthy controls; PBMC, peripheral blood
mononuclear cells; RA, rheumatoid arthritis.

distinguish RA patients from HC, with an AUC of 0.804, a  to distinguish RA patients from HC, with an AUC of 0.971,
cut-off of >2.685, a sensitivity of 55.17% and a specificity of  a sensitivity of 93.10% and a specificity of 93.33% (Fig. 4C).
95.56% (Fig. 4B). Moreover, the logistic regression model  These results demonstrated that the combination of PBMC
revealed that the combination of PBMC hsa_circ_0000175 and  hsa_circ_0000175 and hsa_circ_0008410 expression may be
hsa_circ_0008410 expression exhibited an improved ability  a useful biomarker in RA.
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Figure 3. Correlation of PBMC hsa_circ_0000175 and hsa_circ_0008410 expression with clinical characteristics of RA. (A) The expression of PBMC
hsa_circ_0000175 in RA patients was negatively correlated with ACPA (Spearman's method). (B) The expression of PBMC hsa_circ_0000175 in RA patients
was negatively correlated with WBC (Spearman's method). (C) The expression of PBMC hsa_circ_0000175 in RA patients was negatively correlated with
N (Spearman's method). (D) The expression of PBMC hsa_circ_0000175 in RA patients was negatively correlated with N% (Spearman's method). (E) The
expression of PBMC hsa_circ_0000175 in RA patients was positively correlated with L (Spearman's method). (F) The expression of PBMC hsa_circ_0000175
in RA patients was positively correlated with L% (Spearman's method). (G) The expression of PBMC hsa_circ_0000175 in RA patients was negatively
correlated with NLR (Spearman's method). (H) The expression of PBMC hsa_circ_0008410 in RA patients was positively correlated with TJIC (Spearman's
method). (I) The expression of PBMC hsa_circ_0008410 in RA patients was positively correlated with disease duration (Spearman's method). (J) The expres-
sion of PBMC hsa_circ_0008410 in RA patients was positively correlated with PLT (Spearman's method). (K) The expression of PBMC hsa_circ_0008410
in RA patients was positively correlated with PCT (Spearman's method). ACPA, anti-citrullinated protein antibodies; L, lymphocyte count; L%, lymphocyte
percentage; N, neutrophil count; N%, neutrophil percentage; NLR, neutrophil-to-lymphocyte ratio; PBMC, peripheral blood mononuclear cells; PCT, platelet-
crit; PLT, platelet count; TJC, tender joint count; RA, rheumatoid arthritis; WBC, white blood cell count.
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Figure 4. ROC curve analysis of PBMC hsa_circ_0000175 and hsa_circ_0008410 in RA patients. (A) ROC curve analysis of PBMC hsa_circ_0000175 in RA
patients vs. HC. (B) ROC curve analysis of PBMC hsa_circ_0008410 in RA patients vs. HC. (C) ROC curve analysis of combined PBMC hsa_circ_0000175
and hsa_circ_0008410 in RA patients vs. HC. AUC, area under the curve; HC, healthy controls; PBMC, peripheral blood mononuclear cells; RA, rheumatoid
arthritis; ROC, receiver operating characteristics.

PBMC hsa_circ_0000175 and hsa_circ_0008410 expression
in RA, SLE and AS patients. As shown in Fig. 5A, there was
significant differences between the expression of PBMC
hsa_circ_0000175 in RA, SLE, and AS patients. The expres-
sion of PBMC hsa_circ_0000175 was significantly increased
in RA patients compared with that in SLE patients, but mark-
edly decreased compared with that in AS patients. In addition,

the expression of PBMC hsa_circ_0008410 was markedly
increased in RA patients compared with that in SLE and AS
patients (Fig. 5B).

Next, ROC curves based on PBMC hsa_circ_0000175
and hsa_circ_0008410 were further analyzed in RA and SLE
patients. The AUC for PBMC hsa_circ_0000175 in RA and
SLE patients was 0.642, with a sensitivity of 60.92% and a
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Figure 5. ROC curve analysis of the risk score of PBMC hsa_circ_0000175 and hsa_circ_0008410. (A) There was a significant difference between RA, SLE,
and AS patients in the expression of PBMC hsa_circ_0000175 (Kruskal-Wallis test). The expression of PBMC hsa_circ_0000175 was markedly increased
in RA compared with SLE patients (Dunn's post-hoc test), while the expression of PBMC hsa_circ_0000175 was markedly decreased in RA compared with
AS patients (Dunn's post-hoc test). (B) There was a significant difference between RA, SLE, and AS patients in the expression of PBMC hsa_circ_0008410
(Kruskal-Wallis test). The expression of PBMC hsa_circ_0008410 was markedly increased in RA compared with SLE (Dunn's post-hoc test) and AS patients
(Dunn's post-hoc test). (C) ROC curve analysis of PBMC hsa_circ_0000175 in RA vs. SLE patients. (D) ROC curve analysis of PBMC hsa_circ_0008410
in RA vs. SLE patients. (E) ROC curve analysis of PBMC hsa_circ_0000175 in RA vs. AS patients. (F) ROC curve analysis of PBMC hsa_circ_0008410 in
RA vs. AS patients. (G) ROC curve analysis of PBMC hsa_circ_0000175 in RA patients vs. controls (HC + SLE + AS). (H) ROC curve analysis of PBMC
hsa_circ_0008410 in RA patients vs. controls (HC + SLE + AS). (I) ROC curve analysis of combined PBMC hsa_circ_0000175 and hsa_circ_0008410 in RA
patients vs. controls (HC + SLE + AS). AUC, area under the curve; AS, ankylosing spondylitis; HC, healthy controls; K-W test, Kruskal-Wallis test; PBMC,
peripheral blood mononuclear cells; RA, rheumatoid arthritis; ROC, receiver operating characteristics; SLE, systemic lupus erythematosus.

specificity of 66.00% (Fig. 5C), and the AUC for PBMC
hsa_circ_0008410 in RA and SLE patients was 0.675, with a
sensitivity of 66.67% and a specificity of 65.31% (Fig. 5D). The
expression of PBMC hsa_circ_0000175 and hsa_circ_0008410
were also successful in distinguishing RA from AS patients.
The AUC for PBMC hsa_circ_0000175 in RA and AS patients
was 0.810, with a sensitivity of 64.37% and a specificity of
90.24% (Fig. 5E), and the AUC for PBMC hsa_circ_0008410
in RA and AS patients was 0.682, with a sensitivity of 57.47%
and a specificity of 82.93% (Fig. 5F). In addition, the expres-
sion of PBMC hsa_circ_0000175 and hsa_circ_0008410
distinguished RA patients from all controls (HC + SLE + AS).
The AUC for PBMC hsa_circ_0000175 in RA patients and
all controls (HC + SLE + AS) was 0.652, with a sensitivity
of 83.97% and a specificity of 47.06% (Fig. 5G), the AUC
for PBMC hsa_circ_0008410 in RA patients and all controls
(HC + SLE + AS) was 0.720, with a sensitivity of 55.17% and
a specificity of 83.70% (Fig. 5SH), and the AUC for the combi-
nation of PBMC hsa_circ_0000175 and hsa_circ_0008410 in
RA patients and all controls (HC + SLE + AS) was 0.805, with
a sensitivity of 83.76% and a specificity of 62.22% (Fig. 5I).

Expression levels of PBMC hsa_circ_0000175 and hsa_
circ_0008410 are risk factors for RA. The aforementioned
results demonstrated that the expression levels of PBMC hsa_
circ_0000175 and hsa_circ_0008410 in RA were different
from HC, SLE and AS, and were associated with the activity
and severity of RA. Thus, to investigate whether the expression
labels of PBMChsa_circ_0000175 and hsa_circ_0008410 were
risk factors for RA, the ‘enter method’ of logistic regression
was used. As shown in Table IV, the equation on the expres-
sion of hsa_circ_0000175 and hsa_circ_0008410 in PBMC
was as follows: Y=-2.019 X1 (hsa_circ_0000175) + 0.550 X2
(hsa_circ_0008410) - 0.292. The expression levels of PBMC
hsa_circ_0000175 and hsa_circ_0008410 were identified as
risk factors for RA (all P<0.0001).

hsa_circ_0000175/miRNA, hsa_circ_0008410/miRNA
interaction analysis. To confirm the function of hsa_
circ_0000175 and hsa_circ_0008410, potential miRNA targets
of the circRNAs were predicted by aligning with the miRNA
response elements (MREs) using Arraystar's home-made
miRNA target prediction software based on TargetScan (24)
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Table I'V. Expression of PBMC hsa_circ_0000175 and hsa_circ_0008410 in equation.

Item B SE Wald df P Exp (B)
hsa_circ_0000175 -2.019 0.443 20.742 1 <0.0001 0.133
hsa_circ_0008410 0.550 0.106 26.877 1 <0.0001 1.733
Constant -0.292 0.351 0.694 1 0.4050 0.747
circRNAs, circular RNAs.
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Figure 6. Snippet of the detailed annotation for circRNA/miRNA interactions. (A) hsa_circ_0000175/hsa-miR-608, hsa_circ_0000175/hsa-miR-654-3p
and hsa_circ_0000175/hsa-miR-3652 interaction. (B) Hsa_circ_0008410/hsa-miR-6776-3p, hsa_circ_0008410/hsa-miR-412-3p and hsa_circ_0008410/

hsa-miR-4697-3p. CircRNA, circular RNA; miRNA, microRNA.

and miRanda (25). Three putative miRNA targets of
hsa_circ_0000175 were identified, including hsa-miR-608,
hsa-miR-654-3p and hsa-miR-3652. Three putative miRNA
targets of hsa_circ_0008410 were also identified, including
hsa-miR-6776-3p, hsa-miR-412-3p and hsa-miR-4697-3p. The
molecular interactions between these two circRNAs and the
target miRNAs mentioned above are illustrated in Fig. 6.

Discussion

It has been previously reported that PBMC circRNAs may
be associated with RA. In 2017, Ouyang et al (17) and
Zheng et al (26) simultaneously investigated differentially
expressed circRNAs in PBMCs from RA patients by microarray
and RT-qPCR. In addition, Tang et al (19) recently demonstrated
that the expression of ciRS-7 was increased in PBMCs from RA

patients. However, little was known regarding the expression of
hsa_circ_0000175 and hsa_circ_0008410 in PBMCs from RA.
The present study demonstrated that PBMC hsa_circ_0000175
and hsa_circ_0008410 were markedly decreased and increased,
respectively, in RA patients compared with HC.

As shown in Table III, the clinical manifestations (DAS2S,
TJC, SJC and VAS) and laboratory indicators (autoantibodies,
inflammation markers and immune cells) in RA were different
from the controls, indicating the activity and severity of RA.
Spearman's rho correlation analysis revealed that PBMC
hsa_circ_0000175 was correlated with the ACPA titer, which
is a biomarker of RA and reflects its activity (27). In addition,
PBMC hsa_circ_0000175 was correlated with inflammatory
markers, including WBC, N, N%, L, L% and NLR, which
reflect the activity and severity of RA (28). Moreover, PBMC
hsa_circ_0008410 was correlated with TJC, disease duration
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and PLT, which are associated with the development of periph-
eral neuropathy and are correlated with DAS28 (29,30), and
PCT, which is associated with the treatment of RA (31). Thus,
these data indicated that PBMC hsa_circ_0000175 and hsa_
circ_0008410 were associated with the activity and severity of
RA.Importantly, logistic regression analysis revealed that PBMC
hsa_circ_0000175 and hsa_circ_0008410 were risk factors for
RA, suggesting that hsa_circ_0000175 and hsa_circ_0008410
may be involved in the pathogenesis of RA.

Recent evidence has indicated that circRNAs may serve
as novel biomarkers in the diagnosis of RA (17-19). To explore
whether PBMC hsa_circ_0000175 and hsa_circ_0008410
constitute biomarkers for the diagnosis of RA, they were
analyzed in larger patient cohorts using ROC curves. The
cut-off values of hsa_circ_0000175 and hsa_circ_0008410
that best distinguished RA patients from HC were determined.
Hsa_circ_0000175 had an AUC of 0.835, a specificity of 73.33%
and a sensitivity of 86.21% for RA, whereas hsa_circ_0008410
had an AUC of 0.804, a specificity of 95.56% and a sensitivity
of 55.17%. The logistic regression model using both targets in
combination exhibited an improved ability for distinguishing
RA patients from HC, with an AUC of 0.971, a sensitivity of
93.10% and a specificity of 93.33%, indicating the additive
effects of the two circRNAs in terms of diagnostic value. The
diagnostic potential appears to be superior to that of blood
biomarkers of RA reported previously, particularly in terms of
AUC and specificity (17-19). Subsequently, the ability of PBMC
hsa_circ_0000175 and hsa_circ_0008410 to effectively distin-
guish RA from other autoimmune diseases, such as SLE and AS,
was assessed. As aforementioned, PBMC hsa_circ_0000175
and hsa_circ_0008410 were successful in distinguishing RA
patients from SLE patients, AS patients and HC.

It is well-known that circRNAs may act as miRNA sponges
and regulate target genes to alter the course of disease develop-
ment. Li et al (32) reported that hsa_circ_0001859 regulated
ATF?2 expression by acting as an miR-204/211 sponge in human
RA. Our previous study (18) demonstrated that hsa-miR-892a,
an miRNA target of hsa_circ_0044235, was increased in RA
patients, while hsa_circ_0044235 was decreased, indicating that
hsa_circ_0044235 may play a role in RA by interacting with
hsa-miR-892a. Multiple miRNAs are implicated in the occur-
rence and development of RA (33,34). Bioinformatics predicted
that hsa-miR-608, hsa-miR-654-3p and hsa-miR-3652 may be
potential targets of hsa_circ_0000175. Hsa_circ_0008410 was
shown to potentially bind hsa-miR-6776-3p, hsa-miR-412-3p
and hsa-miR-4697-3p. Although most potential miRNAs inter-
acting with circRNAs have been predicted for RA, no study on
the function of these miRNAs in RA has been published to date,
to the best of our knowledge.

However, several limitations of the present study should be
acknowledged. Firstly, six circRNAs that were differentially
expressed in both PBMC from SLE patients in our previous
study and T cells from SLE patients in previous literature
were selected, and the possibility of using them as biomarkers
for diagnosis of RA was explored. Although RA and SLE
exhibit different pathogenies, these two diseases have similar
pathological and immunological abnormalities. Furthermore,
there were significant differences in the levels of PBMC
hsa_circ_0000175 and hsa_circ_0008410 between RA and
SLE patients. Thus, the possibility of hsa_circ_0000175 and
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hsa_circ_0008410 being used as biomarkers for diagnosis
of RA require further exploration. Secondly, the sample size
of the patients with new-onset RA, SLE, AS and HC was
relatively small, and the samples were sourced from only
one hospital, which may limit the universality of the results.
Therefore, the current findings require confirmation in larger
and more diverse samples.

In conclusion, the PBMC hsa_circ_0000175, hsa_
circ_0008410, and combination of hsa_circ_0000175 and
hsa_circ_0008410, may improve the diagnostic accu-
racy for RA. In addition, the expression levels of PBMC
hsa_circ_0000175 and hsa_circ_0008410 were found to be
associated with the activity and severity of RA.
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