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Abstract. Axial spondyloarthritis (AxSpA) is a chronic 
rheumatic disease involving the axial skeleton. Recent 
evidence suggested that certain circular RNAs (circRNAs) 
have a crucial role in rheumatic diseases. However, the func-
tions of circRNAs in AxSpA have remained largely elusive. 
The present study identified the utility of the circRNA 
Homo sapiens (hsa)_circ_0079787 as a potential biomarker 
for AxSpA. A total of 5  circRNAs (hsa_circ_0002715, 
hsa_circ_0001947, hsa_circ_0079787, hsa_circ_0000367 
and hsa_circ_0035197) were determined in the peripheral 
blood of 46 patients with AxSpA, 46 patients with systemic 
lupus erythematosus (SLE) and 25 healthy controls (HC) by 
reverse transcription‑quantitative PCR analysis. The detailed 
clinical history of each patient was recorded and the correla-
tions between these circRNAs and clinical characteristics 
were analyzed. Furthermore, receiver operating characteristic 
(ROC) curves were constructed to evaluate the diagnostic 
value of hsa_circ_0079787 and other factors for AxSpA. Of 
the 5 selected circRNAs, the expression of hsa_circ_0079787 
was indicated to be significantly reduced in the peripheral 
blood of patients with AxSpA as compared with the levels in 
HCs and patients with SLE. The peripheral blood levels of 
hsa_circ_0079787 in patients with AxSpA were negatively 
correlated with the Bath Ankylosing Spondylitis Disease 
Activity Index and positively correlated with the platelet 
count (PLT) and the lymphocyte‑to‑monocyte ratio. In addi-
tion, the expression of peripheral blood hsa_circ_0079787 

mmr.2020.11520 male patients with AxSpA was negatively 
correlated with the mean platelet volume (MPV) and posi-
tively correlated with the plateletcrit  (PCT). ROC curve 
analysis suggested that hsa_circ_0079787 and the combina-
tion of hsa_circ_0079787‑PLT‑MPV‑PCT had a significant 
diagnostic value for AxSpA. hsa_circ_0079787 and the combi-
nation of hsa_circ_0079787‑PLT‑MPV‑PCT was also able to 
differentiate between patients with AxSpA and those with 
SLE. In conclusion, peripheral‑blood hsa_circ_0079787 and 
the combination of hsa_circ_0079787‑PLT‑MPV‑PCT may 
provide improved diagnostic accuracy for AxSpA. In addition, 
the levels of hsa_circ_0079787 in the peripheral blood were 
correlated with disease activity and severity of AxSpA.

Introduction

Axial spondyloarthritis (AxSpA) is a type of chronic inflam-
matory rheumatic disease involving the axial skeleton with 
a prevalence of 0.1‑1.4%  (1). Patients with AxSpA suffer 
from axial symptoms, resulting in fatigue, pain and limited 
mobility of the spine, which decreases their quality of life (2). 
AxSpA mainly affects individuals prior to the age of 45 years 
and the rate of early diagnosis is low. While the human 
leukocyte antigen (HLA)‑B27 is the best genetic biomarker 
for diagnosing AxSPA and C‑reactive protein (CRP) is the 
best circulating biomarker for assessing disease activity and 
predicting therapeutic responsiveness and structural progress 
discovered so far, their diagnostic value and their value for 
monitoring disease activity for AxSpA is low (3). Therefore, 
it is urgently required to identify novel effective and reliable 
markers for diagnosis and for monitoring disease activity to 
improve the survival of patients with AxSpA.

Circular RNA (circRNA) is a unique type of RNA, which 
is composed of exons, introns or products of reverse splicing 
of the two (4). As circRNAs do not have 5' or 3' ends, they are 
able to withstand RNase digestion and are more stable than 
most linear RNAs (5). In addition to their characteristic of 
comparatively higher stability, circRNAs frequently exhibit 
tissue/developmental stage‑specific expression (6,7), and they 
are thus more suitable as biomarkers than linear RNAs (6,8). 
Previous studies have confirmed that circRNAs may control 
gene transcription by isolating target microRNAs (miRNAs) 
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and regulating RNA binding proteins, thus functioning as 
‘miRNA sponges’ (9). Increasing evidence has indicated that 
certain circRNAs may be associated with the risk of nervous 
diseases, atherosclerotic vascular diseases, prion diseases, 
cancer and autoimmune diseases (10‑13), which supports the 
hypothesis that circRNAs have the potential to become novel 
diagnostic and prognostic biomarkers and novel therapeutic 
targets for diseases (14,15). However, the current knowledge 
of circRNAs in peripheral blood in patients with AxSpA 
is limited.

A previous study by our group identified certain differen-
tially expressed circRNAs in the peripheral blood of patients 
with systemic lupus erythematosus (SLE) by circRNA micro-
array screening (16), suggesting that circRNAs may have a 
role in rheumatic diseases. Considering that SLE and AxSpA 
are common rheumatic diseases, although they have different 
pathogeneses, they have similar pathological and immuno-
logical abnormalities, and certain specific aberrant circRNAs 
(hsa_circ_0002715, hsa_circ_0001947, hsa_circ_0079787, 
hsa_circ_0000367 and hsa_circ_0035197) were selected to 
evaluate whether circRNAs may be used as novel diagnostic 
biomarkers for AxSpA. The present study aimed to determine 
whether these aberrant circRNAs in the peripheral blood may 
be used as novel diagnostic biomarkers for distinguishing 
patients with new‑onset AxSpA from patients with SLE and 
healthy controls (HC).

Materials and methods

Participants. A total of 46 patients with new‑onset AxSpA 
receiving clinical care at the Department of Rheumatology 
of the First Affiliated Hospital of Nanchang University 
(Nanchang, China) between September 2018 and March 2019 
were enrolled in the present study. All patients with AxSpA 
fulfilled the Assessment of Spondyloarthritis international 
Society classification criteria for AxSpA (17). Those patients 
with AxSpA accompanied by other autoimmune, inflamma-
tory or hormonal diseases, cancer or mental disorders were 
excluded. Prior to specimen collection, the patients with 
new‑onset AxSpA did not receive any therapy with corticoste-
roids, disease‑modifying anti‑rheumatic drugs (DMARDs) or 
tumor necrosis factor inhibitors (TNFi). The peripheral blood 
of 25 age‑ and sex‑matched HC who were free from autoim-
mune or inflammatory diseases and who were unrelated to 
the patients were recruited from the Physical Examination 
Center of the First Affiliated Hospital of Nanchang University 
(Nanchang, China) between September 2018 and March 2019. 
In addition, 46 patients with SLE who fulfilled the Systemic 
Lupus International Collaborating Clinics criteria  (18) 
who presented at the First Affiliated Hospital of Nanchang 
University (Nanchang, China) at the same time were also 
enrolled. Among them, 27 patients had new‑onset SLE that 
was diagnosed for the first time and they had no history of 
immunosuppressive drug or corticosteroids use prior to recruit-
ment. Other subjects included were re‑visiting SLE patients 
receiving treatment with 0.5‑1 mg/kg/day corticosteroids or 
0.5‑1.0 mg/kg/day corticosteroids and immunosuppressive 
drugs, including 10‑30 mg/kg/day mycophenolate mofetil, 
0.75‑1.0 g/m2/3‑4 week cyclophosphamide, 3‑5 mg/kg/day 
cyclosporine, 0.5‑1  mg/day tacrolimus or 10‑15  mg/week 

methotrexate. All study protocols were approved by the Ethics 
Committee of the First Affiliated Hospital of Nanchang 
University (Nanchang, China; no.  019). All participants 
provided their written informed consent to participate in 
the study.

Preparation of peripheral blood samples and RNA isolation. 
Blood sample collection and total RNA isolation were 
performed as in a previous study by our group (19). Peripheral 
blood samples (2 ml) were collected in K2EDTA‑containing 
tubes and total RNA was extracted as soon as possible by 
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol. The concen-
tration and quality of the RNA were assessed by absorbance 
spectrometry to measure the ratios of absorbance at 260 nm 
(A260)/A280 and A260/A230 using a NanoDrop ND‑1000 
spectrophotometer (Thermo Fisher Scientific, Inc). Isolated 
total RNA was stored at ‑80˚C or immediately used for reverse 
transcription (RT).

RT‑quantitative PCR (RT‑qPCR) analysis. The methods 
outlined in a previous study by our group were followed (19). 
The primers used for qPCR are presented in Table I. β‑actin 
was used as an internal control. The relative expression levels of 
each circRNA were determined using the equation 2‑ΔΔCq (20).

Clinical assessments and laboratory indexes. AxSpA disease 
activity was measured using the Bath Ankylosing Spondylitis 
(AS) Functional Index (BASFI) and the Bath AS Disease 
Activity Index (BASDAI) (21,22). HLA‑B27 was detected by 
PCR. The erythrocyte sedimentation rate (ESR) was deter-
mined according to the manufacturer's protocol (Automatic 
measuring instrument for ESR XC‑40B; Pu Li Sheng Corp.). 
CRP and IgG were measured by nephelometry. Blood routine 
parameters, including the white blood cell count (WBC), red 
blood cell count (RBC), hemoglobin (HGB), hematocrit (HCT), 
mean corpuscular volume (MCV), mean corpuscular hemo-
globin (MCH), MCH concentration, red blood cell volume 
distribution width (RDW), 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%), eosinophil count, 
eosinophil percentage, basophil count, basophil percentage 
and platelet large‑cell ratio were measured using the Sysmex 
XE‑2100 analyzer (Sysmex Corp.).

Annotat ion of circRNA/miRNA interact ions. The 
circRNA/miRNA interactions were predicted using Arraystar's 
home‑made miRNA target prediction software (version 1; 
KangChen Bio‑tech, Inc.)  (23,24) based on TargetScan 
(version 6)  (25) and miRanda (version 3.3a)  (26), and the 
differentially expressed circRNAs within all the comparisons 
were annotated in detail with the circRNA/miRNA interaction 
information.

Statistical analysis. Baseline characteristics were assessed 
using descriptive statistics. An unpaired Student's t‑test 
and the Mann‑Whitney U‑test were employed to compare 
normally distributed parameters and those with a skewed 
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distribution, respectively. Analysis of variance or the 
Kruskal‑Wallis test were used to compare more than two 
groups, and Tukey's honestly‑significant differences test or 
Dunn's test was used as the post‑hoc test, respectively. The 
Spearman method was used for correlation analysis. In addi-
tion, receiver operating characteristic (ROC) curve analyses 
were performed to assess the diagnostic value of the circRNA 
Homo sapiens (hsa)_circ_0079787. A two‑sided P<0.05 was 
considered to indicate statistical significance. Statistical anal-
ysis and graphical presentation were performed with SPSS 
version 16.0 (SPSS, Inc.) and GraphPad Prism version 5.0 
(GraphPad Software, Inc.).

Results

Characteristics of the study population. A total of 117 partici-
pants were enrolled in the present study from September 2018 
to March 2019, including 46 patients with new‑onset AxSpA, 
46  patients with new‑onset SLE and 25  HC. All patients 
with AxSpA had new‑onset disease with no history of corti-
costeroid, DMARD or TNFi use prior to enrolment. Of the 
46 patients with AxSpA, 32 patients with AxSpA were used 
for the initial analysis and 14 patients were used for validation. 
The demographic characteristics of the study population are 
provided in Table II. There was no significant difference in 
age between the new‑onset AxSpA group, the HC group and 
the SLE group. Furthermore, there was no significant differ-
ence in gender between the new‑onset AxSpA group and the 
HC group, while there was a difference between the new‑onset 
AxSpA group and the SLE group. No association between 
hsa_circ_0079787 levels and age or gender was observed in 
the new‑onset AxSpA group, HC group and SLE group (data 
not shown). In addition, the WBC, PLT, PCT, N, N% and NLR 
were significantly higher in the AxSpA as compared with those 
in the HC group (all P<0.05; Table II), while the MPV and L% 
were significantly lower in the AxSpA as compared with those 
in the HC group (all P<0.05; Table II). Furthermore, the WBC, 

RBC, HGB, HCT, PLT, PCT, L and LMR were significantly 
higher in the AxSpA than those in the SLE group (all P<0.05; 
Table II), while the ESR, MPV and M% were significantly 
lower in the AxSpA as compared with those in the SLE group 
(all P<0.05; Table II).

Peripheral blood hsa_circ_0079787 levels are decreased in 
patients with AxSpA. Hsa_circ_0002715, hsa_circ_0001947, 
hsa_circ_0079787, hsa_circ_0000367 and hsa_circ_0035197 
were detected to compare their expression in the peripheral 
blood of 32 patients with AxSpA and 25 HC. As presented 
in Fig. 1, the levels of hsa_circ_0079787 were significantly 
decreased in the peripheral blood of patients with AxSpA as 
compared with those in the HC group (P=0.0395). However, 
the peripheral blood levels of the other circRNAs were not 
significantly different between the patients with AxSpA and 
the HC (all P>0.0500).

Validation of peripheral blood levels of hsa_circ_0079787 in 
the second cohort. Next, the expression of hsa_circ_0079787 
in the peripheral blood was verified in an independent cohort 
of 14 patients with AxSpA and the levels were significantly 
decreased as compared with those in the 25 HC (P=0.0006; 
Fig. 2A). Analysis of all of the 46 patients with AxSpA and 
HC also indicated that the expression of hsa_circ_0079787 
in the peripheral blood of the patients with AxSpA was 
significantly decreased as compared with that in the 25 HC 
(P=0.0030; Fig. 2B).

Correlation of peripheral blood hsa_circ_0079787 levels with 
clinical characteristics of patients with AxSpA. To investigate 
whether the peripheral blood levels of hsa_circ_0079787 
may serve as a biomarker for disease activity and severity in 
patients with AxSpA, the correlations between the peripheral 
blood levels of hsa_circ_0079787 in patients with AxSpA 
and their laboratory parameters, including BASFI, BASDAI, 
HLA‑B27, ESR, CRP, IgG, WBC, RBC, HGB, HCT, PLT, 
MPV, PCT, PDW, L, L%, M, M%, N, N%, NLR, PLR and 
LMR, were investigated. As presented in Fig. 3, the peripheral 
blood levels of hsa_circ_0079787 in patients with AxSpA 
were negatively correlated with the BASDAI [Spearman 
correlation coefficient  (rs)=‑0.4737, P=0.0126], while they 
were positively correlated with PLT (rs=0.3201, P=0.0301) and 
LMR (rs=0.3088, P=0.0368). In addition, the peripheral blood 
levels of hsa_circ_0079787 in male patients with AxSpA were 
negatively correlated with MPV (rs=‑0.3486, P=0.0433) and 
positively correlated with PCT (rs=0.4551, P=0.0068).

Potential diagnostic value of peripheral blood hsa_
circ_0079787 in patients with AxSpA. Various studies have 
indicated that circRNAs may serve as promising biomarkers 
for disease detection. Therefore, an ROC curve was drawn 
to assess the diagnostic value of peripheral blood hsa_
circ_0079787 in discriminating patients with AxSpA from 
HC. As presented in Fig. 4, the area under the ROC curve 
(AUC) was up to 0.715 [95% CI=0.583‑0.847; P=0.0030]. 
The sensitivity, specificity and cut‑off were 82.61%, 56.00% 
and 0.01287, respectively. It was therefore indicated that the 
peripheral blood levels of hsa_circ_0079787 may be used as a 
diagnostic biomarker for AxSpA.

Table I. Specific circRNA primers used for quantitative PCR 
analysis.

Name	 Sequence (5'→3')

hsa_circ_0002715	 F: GCAAACCTCCTCTCCATGCT
	R : GTGAAAAGGCTGTGCCTGTG
hsa_circ_0001947	 F: ACACTCTTGGATGGAAAACCCA
	R : CGTGTTCTGGACTCGGTTGG
hsa_circ_0079787	 F: AGAGGAAGTTTGATTGCACTCTG
	R : TTCACGGAGAGGTTGTGTCC
hsa_circ_0000367	 F: AGACTGGCGTGAAACCTTCC
	R : TGCACAGTGGATGGATCATGG
hsa_circ_0035197	 F: TAATCGGCAGTCTGAAGTGCT
	R : GGCATTTGCCACTCTTTGGA
β‑actin	 F: CATGTACGTTGCTATCCAGGC
	R : CTCCTTAATGTCACGCACGAT

circRNA, circular RNA; F, forward; R, reverse; hsa, Homo sapiens.
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In addition, among the 46  patients with AxSpA, 
28 patients were tested for HLA‑B27 and 21 patients were 
positive. All HC were tested for HLA‑B27 and were nega-
tive. None of the patients with SLE were tested for HLA‑B27. 
Using the cut‑off value for hsa_circ_0079787 of <0.01287 
and the result of the HLA‑B27 test, the potential diagnostic 
value of the combination of hsa_circ_0079787‑HLA‑B27 
to distinguish patients with AxSpA from HC was inves-
tigated. It was demonstrated that the combination model 
of hsa_circ_0079787‑HLA‑B27 was able to effectively 
discriminate patients with AxSpA from HC with a sensi-
tivity of 96.43% (27/28), a specificity of 100.00% (25/25) 
and an accuracy of 98.11% (52/53) (Table Ш). The diagnostic 
value of the combination of hsa_circ_0079787‑HLA‑B27 
for AxSpA vs. HC was superior to that of HLA‑B27, which 
in turn had a sensitivity of 75.00% (21/28), a specificity 
of 100.00%  (25/25) and an accuracy of 86.79%  (46/53) 
(Table Ш).

Peripheral blood levels of hsa_circ_0079787 in patients with 
AxSpA and SLE. As presented in Fig. 5A, the peripheral blood 
levels of hsa_circ_0079787 were markedly decreased in patients 
with AxSpA as compared with those in patients with SLE.

Next, an ROC curve analysis of peripheral blood hsa_
circ_0079787 to distinguish patients with AxSpA from those 
with SLE was performed. The AUC for hsa_circ_0079787 to 
discriminate between patients with AxSpA and those with SLE 
was 0.694, with a sensitivity of 71.79%, a specificity of 67.39% 
and a cut‑off value of <0.01053 (Fig. 5B). In addition, the periph-
eral blood levels of hsa_circ_0079787 were able to distinguish 
patients with AxSpA from HC and patients with SLE combined 
(HC + SLE). The AUC for hsa_circ_0079787 in patients with 
AxSpA vs. HC + SLE was 0.658 with a sensitivity of 82.61%, a 
specificity of 49.3% and a cut‑off value of <0.01287 (Fig. 5C).

As presented in Table I , the PLT, MPV and PCT in 
patients with AxSpA were different from those in the HC 
and SLE groups. Thus, the potential diagnostic value of the 

Table II. Clinical details of the patients with AxSpA, HC and SLE patients.

Clinical characteristic	A xSpA (n=46)	 HC (n=25)	 SLE (n=46)

Sex (male/female)	 34/12	 15/10	 2/44
Age (years)	   32.59±12.39	 37.64±9.74	 34.41±16.01
BASFI	   2.20±2.29		
BASDAI	   3.50±1.82		
HLA‑B27 positive (out	 21		
of 28 patients tested)
ESR (mm/h)	   24.00±26.23		  49.76±33.05a

CRP (mg/l)	   13.98±19.25		  10.04±25.41
WBC (109/l)	    7.57±1.97b	   5.82±1.16	 6.45±3.65a

RBC (1012/l)	   4.86±0.68	   4.76±0.43	 3.69±0.89a

HGB (g/l)	 143.37±20.01	 146.64±11.31	 106.24±27.30a

HCT (l/l)	   0.44±0.06	   0.43±0.03	 0.32±0.08a

PLT (109/l)	  317.46±92.79b	 249.92±49.39	 201.98±88.85a

MPV (fl)	    9.73±1.01b	 10.81±0.96	 10.68±1.15a

PCT (%)	    0.31±0.07b	   0.27±0.05	 0.22±0.08a

PDW (fl)	 12.89±2.77	 13.07±2.20	 13.23±2.76
L (109/l)	   2.13±0.62	   1.95±0.43	 1.37±0.88a

L (%)	   27.75±7.92b	 33.69±4.99	 23.73±10.96
M (109/l)	     0.43±0.15b	   0.36±0.09	 0.47±0.38
M (%)	    5.67±1.53	   6.16±1.32	 7.43±3.00a

N (109/l)	     4.85±1.58b	   3.35±0.79	 4.55±3.08
N (%)	   63.39±7.71b	 57.37±5.72	 68.21±11.98c

PLR	   160.32±64.51d	 133.40±36.75	 190.71±121.77
NLR	     2.44±0.95b	   1.77±0.47	 4.42±4.23c

LMR	    5.48±2.32	   5.71±1.50	 3.58±1.78a

aP<0.05, SLE compared to AxSpA; bP<0.05, AxSpA compared to HC, cP=0.05, SLE compared to AxSpA; dP=0.05, AxSpA compared to HC. 
AxSpA, axial spondyloarthritis; HLA‑B27, human leukocyte antigen; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, 
Bath Ankylosing Spondylitis Functional Index; CRP, C‑reactive protein; ESR, erythrocyte sedimentation rate; HC, healthy controls; HCT, 
hematocrit; HGB, hemoglobin; L, lymphocyte count; L%, lymphocyte percentage; LMR, lymphocyte‑to‑monocyte ratio; M, monocyte count; 
M%, monocyte percentage; MPV, mean platelet volume; N, neutrophil count; N%, neutrophil percentage; NLR, neutrophil‑to‑lymphocyte 
ratio; PCT, plateletcrit; PDW, platelet distribution width; PLR, platelet‑to‑lymphocyte ratio; PLT, platelet count; RBC, red blood cell count; 
SLE, systemic lupus erythematosus; WBC, white blood cell count.
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combination of hsa_circ_0079787‑PLT‑MPV‑PCT for AxSpA 
and SLE was investigated. The AUC for the combination of 
hsa_circ_0079787‑PLT‑MPV‑PCT to distinguish patients 
with AxSpA from HC was 0.835, with a sensitivity of 73.91% 
and a specificity of 80.00% (Fig. 5D). Furthermore, the AUC 
for the combination of hsa_circ_0079787‑PLT‑MPV‑PCT 
to distinguish patients with AxSpA from those with SLE 
was 0.836, with a sensitivity of 73.91% and a specificity 
of 82.50% (Fig. 5E). The AUC for the combination of hsa_
circ_0079787‑PLT‑MPV‑PCT to distinguish patients with 
AxSpA patients from SLE + HC subjects was 0.838, with a 
sensitivity of 73.91% and a specificity of 81.54% (Fig. 5F).

Target miRNA prediction for hsa_circ_0079787. To confirm 
the function of hsa_circ_0079787, potential miRNA 

targets (hsa‑miR‑580‑3p, hsa‑miR‑125‑5p, hsa‑miR‑5191, 
hsa‑miR‑6830‑5p and hsa‑miR‑4694‑3p) of the circRNAs 
were predicted by aligning with the miRNA response elements 
using TargetScan and miRanda software. Details of the rela-
tionships between hsa_circ_0079787 and the above target 
miRNAs are presented in Fig. 6.

Discussion

CircRNAs are a special class of endogenous RNAs. Over the 
past few years, an increasing number of studies have signifi-
cantly expanded the current knowledge of circRNAs, including 
their function, expression and utility as diagnostic or predic-
tive biomarkers in rheumatic diseases, including SLE and 
rheumatic arthritis (RA) (13,19,27‑29). A previous study by our 

Figure 1. Screening of abnormally expressed circRNAs in peripheral blood from 32 patients with AxSpA and 25 HC. The expression of hsa_circ_0002715, hsa_
circ_0001947, hsa_circ_0079787, hsa_circ_0000367, hsa_circ_0035197 was determined in peripheral blood from 32 patients with AxSpA and 25 HC by reverse 
transcription‑quantitative PCR analysis. (A) hsa_circ_0002715, (B) hsa_circ_0001947, (C) hsa_circ_0079787, (D) hsa_circ_0000367 and (E) hsa_circ_0035197 
levels were compared between the groups. Each dot represents an individual patient. Differences were evaluated with the Mann‑Whitney U‑test. AxSpA, axial 
spondyloarthritis; Cq, quantification cycle; HC, healthy controls; circRNA/circ, circular RNA; hsa, Homo sapiens.

Figure 2. Validation of the expression of hsa_circ_0079787 in peripheral blood from patients with AxSpA. The expression of hsa_circ_0079787 was 
determined in the peripheral blood from (A) an independent cohort of 14 cases and (B) all 46 patients with AxSpA, as well as the 25 HC, by reverse 
transcription‑quantitative PCR analysis (Mann‑Whitney U‑test). Each dot represents an individual patient. Differences were evaluated with the Mann‑Whitney 
U‑test. AxSpA, axial spondyloarthritis; HC, healthy controls; circRNA/circ, circular RNA; hsa, Homo sapiens.
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group demonstrated that the combination of hsa_circ_0002715 
and hsa_circ_0035197 in peripheral blood may be a potential 
biomarker for new‑onset RA and to be associated with disease 
activity (29). However, the expression of circRNAs in patients 
with AxSpA had remained largely elusive. In the present 
study, RT‑qPCR analysis was utilized to detect the expres-
sion of circRNAs (hsa_circ_0002715, hsa_circ_0001947, 
hsa_circ_0079787, hsa_circ_0000367 and hsa_circ_0035197) 
in the peripheral blood of patients with AxSpA and HC, and 
only hsa_circ_0079787 was significantly decreased in patients 
with AxSpA, suggesting that hsa_circ_0079787 in peripheral 
blood was associated with AxSpA.

Various studies have indicated that circRNAs may serve 
as indicators of disease activity and severity. Miao et al (30) 
demonstrated that downregulation of circ protein tyrosine 
phosphatase non‑receptor type 22 (PTPN22), which is the 
PTPN22, in the peripheral blood mononuclear cells of patients 
with SLE was negatively correlated with the SLE disease 
activity index (SLEDAI) score and circPTPN22 was proved to 
be an activity indicator in SLE. Ouyang et al (31) indicated that 
elevated plasma circRNA_002453 was significantly and posi-
tively correlated with 24‑h proteinuria and the renal SLEDAI 
score in patients with lupus nephritis, which suggested that 
upregulated plasma circRNA_002453 levels were associated 
with the severity of renal involvement. In the present study, 
the clinical manifestations (BASDAI, BASFI) and laboratory 
indicators (HLA‑B27, inflammation markers, immune cells) 
of patients with AxSpA were different from the controls, and 
these parameters may indicate the activity and severity of 
AxSpA. Spearman's rank correlation analysis revealed that 
hsa_circ_0079787 in peripheral blood of patients with AxSpA 
was negatively correlated with the BASDAI, which mirrors the 
activity of AxSpA (21). Furthermore, the expression of periph-
eral blood hsa_circ_0079787 was positively correlated with 
LMR in patients with AxSpA. In rheumatic diseases, LMR 
is known to be associated with disease severity (32). These 
results indicated that hsa_circ_0079787 in peripheral blood 
may be used as an indicator of disease activity and severity 
of AxSpA.

In addition, the correlation between PLT‑associated 
parameters (PLT, PCT and MPV) and the expression of 
peripheral blood hsa_circ_0079787 in AxSpA was investi-
gated and it was indicated that the expression of peripheral 
blood hsa_circ_0079787 was correlated with PLT in patients 
with AxSpA, as well as with MPV and PCT in male patients 

Figure 4. ROC curve analysis of peripheral blood hsa_circ_0079787 in 
patients with AxSpA. The ROC curve was constructed to evaluate the ability 
of hsa_circ_0079787 to distinguish patients with AxSpA from healthy 
controls. ROC, receiver operating characteristic; AUC,  area under the 
ROC curve; AxSpA, axial spondyloarthritis; circRNA/circ, circular RNA; 
hsa, Homo sapiens.

Figure 3. Correlation of peripheral blood hsa_circ_0079787 levels in patients with AxSpA with clinical characteristics. The BASDAI, LMR, MPV, PCT and 
PLT were measured. Correlations of peripheral blood hsa_circ_007978 levels in patients with AxSpA with (A) BASDAI, (B) PLT, (C) LMR, (D) MPV in 
male and (E) PCT in male were analyzed with Spearman's non‑parametric test. Each dot represents an individual patient. AxSpA, axial spondyloarthritis; 
circRNA/circ, circular RNA; hsa, Homo sapiens; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; LMR, lymphocyte‑to‑monocyte ratio; 
MPV, mean platelet volume; PCT, plateletcrit; PLT, platelet count; rs, Spearman correlation coefficient.
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with AxSpA. Although the activation of platelets was reported 
to be associated with disease progression and the PLT is 
increased during the active stage of AS (33), the MPV was 
negatively correlated with the PLT in AS (34), and evidence 
from a study on other rheumatic diseases indicated that the 
PLT and PCT were associated with disease severity (35). AS 
is a prototype of AxSpA and is characterized as damage seen 
on radiography. However, the association between PLT‑related 
parameters and disease activity in patients with AxSpA has 
remained largely elusive; of note, the present study suggested 
that PLT‑associated parameters (PLT, PCT and MPV) were 
not associated with the activity of AxSpA (BASDAI and 
BASFI; data no shown). Thus, the peripheral blood levels of 
hsa_circ_0079787 in AxSpA were associated with PLT‑related 

parameters (PLT, PCT and MPV) that may have different roles 
at different stages of AxSpA.

Furthermore, there were no correlations between 
hsa_circ_0079787 and CRP or ESR. Although CRP and ESR 
are routine inflammatory biomarkers, CRP is not elevated in 
a large proportion of patients with active AxSpA (3) and its 
correlation with the disease activity, including the BASFI, is 
inconclusive. In addition, ESR is a nonspecific measure of 
inflammation that may be influenced by a variety of other 
conditions and its value as a marker of disease activity appears 
to be poorer than that of CRP (3).

In the present study, the ROC curve analysis indicated that 
hsa_circ_0079787 in the peripheral blood was able to distin-
guish patients with AxSpA from HC with an AUC of 0.715, high 

Figure 5. ROC curve analysis for peripheral blood hsa_circ_0079787 and the combination of hsa_circ_0079787‑PLT‑MPV‑PCT as a risk score to distinguish 
between AxSpA and SLE or HC or SLE + HC. The expression of hsa_circ_0079787 was determined in the peripheral blood of 46 patients with AxSpA and 
46 patients with SLE by reverse transcription‑quantitative PCR analysis. ROC curves were constructed to evaluate the diagnostic value of hsa_circ_0079787 
for AxSpA. (A) Comparison of hsa_circ_0079787 levels between patients with AxSpA and SLE (Mann‑Whitney U‑test) and (B‑F) ROC curve analysis for 
(B) hsa_circ_0079787 in AxSpA vs. SLE, (C) hsa_circ_0079787 in AxSpA vs. SLE + HC, (D) the combination of hsa_circ_0079787‑PLT‑MPV‑PCT in 
AxSpA vs. HC, (E) the combination of hsa_circ_0079787‑PLT‑MPV‑PCT in AxSpA vs. SLE and (F) the combination of hsa_circ_0079787‑PLT‑MPV‑PCT in 
AxSpA vs. SLE + HC. Each dot represents an individual patient. ROC, receiver operating characteristic; AxSpA, axial spondyloarthritis; HC, healthy controls; 
SLE, systemic lupus erythematosus; circRNA/circ, circular RNA; MPV, mean platelet volume; PCT, plateletcrit; PLT, platelet count; hsa, Homo sapiens.

Table III. Diagnostic efficiency of the combination of hsa_circ_0079787‑HLA‑B27 for AxSpA.

A, hsa_circ_0079787 <0.01287 or HLA‑B27 positive

Categories	 Positive	N egative	 sensitivity	 specificity	 accuracy

HLA‑B27 (28)	 27	 1	 96.43% (27/28)	 100.00% (25/25)	 98.11% (52/53)
HC (25)	 0	 25			 

B, HLA‑B27 positive

Categories	 Positive	N egative	 sensitivity	 specificity	 accuracy

HLA‑B27 (28)	 21	 7	 75.00% (21/28)	 100.00% (25/25)	 86.79% (46/53)
HC (25)	 0	 25			 

AxSpA, axial spondyloarthritis; HLA‑B27, human leukocyte antigen; HC, healthy control.
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Figure 6. Snippet of the detailed annotation for circRNA/miRNA interactions. Interactions of hsa_circ_0079787/hsa‑miR‑580‑3p, hsa_
circ_0079787/hsa‑miR‑125b‑5p, hsa_circ_0079787/hsa‑miR‑5191, hsa_circ_0079787/hsa‑miR‑6830‑5p and hsa_circ_0079787/hsa‑miR‑4694‑3p are 
displayed. UTR, untranslated region; miRNA/miR, microRNA; circRNA/circ, circular RNA; hsa, Homo sapiens; M, circRNA/miRNA interaction target from 
Arraystar's home‑made miRNA target prediction software based on miRanda; T, circRNA/miRNA interaction target from Arraystar's home‑made miRNA 
target prediction software based on TargetScan.
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sensitivity and moderate specificity. In addition, the diagnostic 
value of the combination of hsa_circ_0079787‑HLA‑B27 
regarding AxSpA vs. HC was superior to that of HLA‑B27. 
Furthermore, the peripheral blood level of hsa_circ_0079787 
in patients with AxSpA was significantly lower than that 
in patients with SLE and in the ROC analysis, the AUC for 
distinguishing patients with AxSpA from HC + SLE subjects 
was 0.658 with high sensitivity and moderate specificity. 
These results indicated the potential of hsa_circ_0079787 as 
a non‑invasive diagnostic biomarker for AxSpA, but the diag-
nostic specificity was not ideal. Sezgin et al (34) demonstrated 
the diagnostic value of MPV for AS activation. Furthermore, 
in the present study, it was suggested that the PLT, MPV and 
PCT in patients with AxSpA were different from those in 
the controls (SLE + HC) and in the ROC curve analysis, the 
hsa_circ_0079787‑PLT‑MPV‑PCT combination model had an 
AUC of 0.838 for distinguishing patients with AxSpA from 
controls (SLE + HC) with high sensitivity (73.91%) and speci-
ficity (81.54%), indicating its high potential as a non‑invasive 
diagnostic biomarker for AxSpA and circRNAs + traditional 
biomarkers were able to improve the diagnostic value; however, 
further investigation is still required.

It is well known that circRNAs function as miRNA 
sponges and regulate target genes, which may have a role 
in the development of diseases. A bioinformatics analysis 
identified hsa‑miR‑580‑3p, hsa‑miR‑125b‑5p, hsa‑miR‑5191, 
hsa‑miR‑6830‑5p and hsa‑miR‑4694‑3p as potential 
common targets of hsa_circ_0079787. In previous studies, 
hsa‑miR‑125b‑5p was reported to correlate with MAPKs and 
NF‑κB signaling, which have important roles in AxSpA (36,37). 
However, the roles of the other above‑mentioned putative 
miRNAs targets in AxSpA have not been previously reported, to 
the best of our knowledge. Therefore, further research is required 
to confirm the role of those other putative miRNA targets in 
AxSpA and to determine whether hsa_circ_0079787 may have a 
role in AxSpA by interacting with those putative miRNA targets.

In conclusion, the present study first detected the 
expression of hsa_circ_0079787 in the blood of patients 
with AxSpA and SLE, as well as in HC, and indicated that 
hsa_circ_0079787 was decreased in patients with AxSpA. 
In addition, hsa_circ_0079787 and the combination of 
hsa_circ_0079787‑PLT‑MPV‑PCT may serve as novel, 
non‑invasive diagnostic biomarkers for AxSpA, as well as indi-
cators of disease severity and activity. The precise molecular 
mechanisms underlying the functions of hsa_circ_0079787 in 
AxSpA still require further investigation.
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