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Abstract

Background/Aims: Circular RNAs (circRNAs) compose a large class of RNAs that can be
used as biomarkers in clinical blood samples. This study aimed to determine the expression
of circRNAs in peripheral blood mononuclear cells (PBMCs) from rheumatoid arthritis (RA)
patients to identify novel biomarkers for RA screening. Methods: We started with a microarray
screening of circRNA changes in PBMCs from 5 RA patients and 5 healthy controls. We then
confirmed the selected circRNA changes in PBMCs from 30 RA patients and 25 age- and
sex-matched controls using the real-time quantitative reverse transcription-polymerase chain
reaction (qQRT-PCR). Spearman correlation test was performed to assess the correlation of
circRNAs and clinical variables. Receiver operating characteristic (ROC) curve was calculated
to evaluate the diagnostic value. Results: We identified and verified five circRNAs (092516,
003524, 103047, 104871, 101873) that were significantly elevated in PBMCs from RA patients.
Among these RA patients, we detected no significant correlation between the five circRNAs and
the disease severity, including disease activity score (DAS28), erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), and health assessment questionnaire (HAQ). Yet, ROC curve
analysis suggested that circRNA_104871 has significant value of RA diagnosis (AUC=0.833,
P<0.001), followed by circRNA_003524 (AUC = 0.683, P = 0.020), circRNA_101873 (AUC = 0.676,
P = 0.026), and circRNA_103047 (AUC = 0.671, P = 0.030). Conclusions: This study suggests
that increased expression of circRNAs circRNA_104871, circRNA_003524, circRNA_101873 and
circRNA_103047 in PBMC from RA patients may serve as potential biomarkers for RA patient
diagnosis.
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Introduction

Rheumatoid arthritis (RA) is a chronic disease characterized by autoimmunity and
systemic inflammation with progressive impairment of the joints that leads to lifelong
disability and increased mortality [1]. Early diagnosis and proper treatment can prevent
severe disease manifestations in patients with RA. Despite advances in the treatment of RA
in recent years, including the introduction of biologic therapies and the use of combination
disease-modifying anti-rheumatic drug (DMARD) strategies, remission rates remain
suboptimal [2]. It may be because the real cause of the disease is still unknown.

Circular RNAs (circRNAs), a unique class of endogenous RNAs, compose mainly of
transcripts from the exons and are formed by non-colinear reverse splicing by covalently
joining the 3'- and 5' -ends from the back-splice events. They are widely expressed
in mammalian cells and play crucial roles in the regulation of gene expression at the
transcriptional or post-transcriptional levels [3, 4] Compared with traditional linear RNA,
circRNAs do not have the free 3’ or 5’ ends, but form covalently closed continuous loops
[5, 6]. This confers resistance to RNase R treatment, allowing circRNAs to be selectively
enriched during sample processing and making them more suitable biomarkers than other
types of RNA [7-9]. Studies demonstrated that circRNAs are involved in the development
of several diseases, such as cancer [10-12], Alzheimer’s disease [13], major depressive
disorder [14], atherosclerotic vascular disease [15], and pre-eclampsia [16]. Recent studies
have found that circRNAs can bind to microRNAs (miRNAs) and act as “miRNA sponges” by
sequestering target miRNAs and preventing them from regulating other endogenous target
genes. CircRNAs can also interact with RNA-binding proteins to regulate gene transcription
[17, 18]. For example, a recently identified miR-7 circRNA sponge contains more than 70
conserved miR-7 sites. This circRNA sponge strongly suppresses miR-7 activity and increases
the expression of miR-7 target genes [18]. Although circRNAs are considered important
biological molecules to understand gene regulation and associated disease pathogenesis, it
is important but not tested whether these circRNAs may also serve as disease biomarkers
for both diagnosis and medical treatment. Little is known about these RNAs in human RA.

This study was designed to determine whether circRNAs in PBMCs could be used as novel
biomarkers for RA diagnosis. Altered changes of circRNAs may lead to the understanding of
potential mechanisms of RA development and therapeutic strategy.

Materials and Methods

Patient variables

A total of 65 participants were recruited consecutively for this study: 35 patients with RA and 30
healthy controls. All RA patients were newly diagnosed at the Department of Rheumatology and Immunology
at Nanfang Hospital of Southern Medical University between 2015 and 2016. Age and sex-matched healthy
subjects who received a regular physical examination at the Department of Health from the same hospital
were recruited as control subjects. All RA patients fulfilled the American College of Rheumatology criteria
for the classification of RA [19]. Patients receiving any type of nonsteroidal anti-inflammatory drug, DMARD,
glucocorticoid, immunesuppressor, or biological agent, or those with severe liver or kidney diseases, were
excluded. All study protocols were approved by the ethics committee of Nanfang Hospital of Southern
Medical University (NO.NFEC-2015-102). Written informed consent was obtained from all participants.

PBMC preparation and total RNA extraction

PBMCs from each donor were isolated using density centrifugation (400 g for 35 min) of 8 mL of blood
layered on 6 mL of 1.077 g/mL Ficoll-Paque PLUS (GE Healthcare, Uppsala, Sweden) at 25°C. The cells
were frozen in Trizol (Invitrogen, Carlsbad, CA, USA) at a concentration of 5-7 x 10°/ml and stored at -80°C.
Total RNA was extracted from PMBCs using Trizol reagent according to the manufacturer’s instruction. The
RNA quantity was measured with a NanoDrop ND-1000 (Agilent, Santa Clara, CA, USA)

KARGER

652


http://dx.doi.org/10.1159%2F000477883

Cellular Phy5|o|ogy Cell Physiol Biochem 2017;42:651-659
I

DO:! © 2017 The Author(s). Published by S. Karger AG, Basel

and B|ochem|stry Published online: June 13, 2017 |www.karger.com/cpb

Ouyang et al.: CircRNAs in PBMCs from RA Patients

Microarray hybridization Table 1. Specific circRNA primers used for quantitative RT-PCR ana-
Sample labeling and lysis
array  hybridization = were

performed according to the Name Sequence Product size (bp)
manufacturer's protocol
i [-actin F: 5-GTGGLCGAGGACTTTGATTG-3' 73
(Arraystar  Inc,  Rockville, R: 5'-CCTGTAACAACGCATCTCATATT-3"
MD, USA). Briefly, total RNA )
) . hsa_circRNA_103047  F: 5-CACTGACTTGCCACTOCTTTG-3' 195
was digested with RNase R: 5-GTCTGTTAGGTGGATGCTTTGT-3'
R (Epicentrelnc, Madison,
) hsa_circRNA_080802  F: 5'-GGTGACTGTGGCACTCCAAGC-3' 115
WI, USA) to remove linear R: 5-GACCTTCAGGTGGCAGGTGAT-3'
RNAs and enrich circRNAs. )
. ) hsa_circRNA_003524  F: 5"TCCTGGAGCGAATCCTACCTT-3' 04
The enriched circRNAs were R: 5" TTTGGCATTTGCATAGGGAAC-3'
amplified and transcribed into
. o hsa_circRNA_092516  F: 5-GTTCCTTACCAGCCTCCCT -3 75
fluorescent circRNAs utilizing R: 5 TGAAGACTCAATACCOOCAGA-3
a random priming method )
. hsa_circRNA_407202  F: 5-GCACTATGCTCCTTTCCTCTTG-3' 63
(Arraystar Super RNA Labeling R: 5-AAATTGAACACCACTACTACCGE-3'
Kit, Arraystar Inc). The labeled )
) . hsa_circRNA_ 405718 F: 5" TGCGGAGGGACGATGATGAG-3' 121
circRNAs were hybridized to R: 5-CGACCACCACTACCOGTGTATGT-3'
the Arraystar Human circRNA
. . hsa_circRNA_104871  F: 5'-CGGAACTTCCTGTGGTCATCT-3" 96
Microarray version 2.0 (8 R: 5" TCCATCTCAAGCAGGTTTCATT-3'
x 15K, Arraystar Inc). After
) . hsa_circRNA_405527 12 5-AACACCAACGTGGGUATCAT-3' 126
washing the slides, the arrays R: 5-GGAGTCATTCTTCCCGTCTTCA-3'

were scanned with an Agilent

. hsa_circRNA_101873  F: 5-TACTTCATACTGCTTGTGCOC-3 85
Scanner G2505C. Agilent R: 5'-CACATAGACTGGAGATGACGC-3'
Feature Extraction software )
hsa_circRNA_090069  F: 5'-GAGAAAGAACTGGACCAAGCA-3" 93

(version 11.0.1.1) was used R: 5-AAGGGCATCCCGATAAGAC-3'
to analyze the acquired array

images. Quantile normalization
and subsequent data processing were performed using the R software package (R version 3.1.2). The

microarray work was performed by KangChen Bio-tech, Shanghai, China.

Quantitative RT-PCR analysis

cDNA was synthesized from total RNA using a Prime-Script RT reagent kit with gDNA Eraser (TaKaRa,
Shiga, Japan). The primers used in qRT-PCR are shown in Table 1. -actin was used as an internal control.
The data were analyzed using the 2*-AACt method and presented as relative expression levels from three
independent experiments.

Statistical analysis

The groups were compared to evaluate the statistical significance using the Mann-Whitney test,
Student’s t-test, Wilcoxon signed-rank test or Chi-square test, as appropriate. Associations between
parameters were analyzed using the Spearman rank correlation. ROC curves were performed to evaluate
the diagnostic value of circRNAs that were dysregulated in the PBMCs of RA patients compared to healthy
controls. P < 0.05 was considered as statistical significant. All statistical analyses were performed using
SPSS version 16.0 (SPSS Inc., Chicago, IL).

Results

Circular RNA expression profiling in PBMCs from patients with RA

The baseline characteristics of all study participants are presented in Table 2. To identify
circRNAs that were differentially expressed in RA, we performed microarray analysis
with circRNAs in the PBMCs from 5 patients with RA and 5 age- and sex-matched healthy
controls using an Arraystar Human circRNA Microarray version 2.0. After normalization of
the raw data, we identified 12 circRNAs that were differentially expressed between the two
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Table 2. Clinical characters and Microarray analysis Validation
laboratory measures of the par- RA Control RA Control
ticipants. Abbreviations: RA: (n=5) [n=5) [n=30) [n=25)
rheumatoid arthritis; M/F: male/  age years) 45 (35-65) 48 (32-68) 52(17-71) 49 (30-66)
female; ESR: erythrocyte sedi- sexmr)n) 2/3 243 9421 718
mentation rate; CRP: C-reactive gsi mm/n) 59 (41-95) NA 285 [(9-112) NA
protein; HAQ: health assessment  ¢gp (mgn) 65.2 (253-91.1) NA 168 [0,34-107.3) NA
questionnaire; DAS28: disease juq.cep u/my 3.4 (30.1-450) NA 151.1 (7.8-1200) NA
activity score in 28 joints; RF: g s 1.15 (0.5-2) NA 106 (0-2.0) NA
rheumatoid factor; anti-CCP: an- .0 (scores) 5.74 (5.08-7.25) NA 586 (3.08-8.16) NA
ti-cyclic citrullinated peptide an- 1gM RT (1T ml) 90.0 (60-411) NA 164 (9.19-4700) NA
tibodies; NA: not available. Data Lymphocyte(107/1) L.55(1.13-250) LE7(1.16-2.50) L6R(1.12-2.88) LRE(1.22-3.1)
are expressed as median (range)  Monocye(10°/L) 0.36{0.13-0.48) 0.32{0.15-0.50) 032{0.12-051) 0.34{0.18-0.56)
Table 3. Microarray analysis of circRNAS ieinas P Podchange Regubtion  circRNAgpe  Genesvmbol
that are up- or down-regulated in 5 RA pati-
entS Compared Wlth 5 healthy Controls hsa_circRNA_TO1873  0.044 1760 Up Exonic GLGL
hsa_circRNA_OBOBDZ  0.043 2129 Up Exonle 7P3
hsa_circRNA_A05527  0.025 1.542 p Exonic TRPV1
hsa_circRNA_103047 0012 1614 Up Exonic PHFZ0
hsa_circRNA_09006Y  0.044 1.552 Up Exonic PHEX
hsa_cireRNA_03524 0007 1531 Up Exonle FAM108R
hsa_cireRNA_DBO731  0.020 1,850 Up Exanic HIP1
hsa_cireRNA_LO4871  0.037 1,536 Up Exonle SUsSD1
hsa_circRNA_092516 <0001 1.639 1ip Sense overlapping XBP1
hea circRNA_405718 0,034 2,363 Down Exonic UHRF1
hsa_circRNA_QO0005 0043 1.6H% Down Antlsense SULF2
hsa_circRNA_ 407202 0,027 2.368 Down Exonic PTCHL

populations by screening for log2 fold-changes greater than 1.5 (Fig. 1A) and P < 0.05 (Fig.
1B). Compared with healthy controls, we found that 9 circRNAs were up-regulated and 3
were down-regulated in patients with RA (Table 3). A heat map was created to group the
circRNAs based on their expression levels among the samples (Fig. 1C).

Quantitative RT-PCR validation of differentially expressed circRNAs

To validate the microarray expression data, we selected 10 dysregulated circRNAs,
including 8 up-regulated circRNAs (092516, 003524, 103047, 405527,104871, 080802,
101873, 090069) and 2 down-regulated circRNAs (407202, 405718) (Table 3, Fig. 1C)
for further assessment based on their P values (< 0.05), fold changes (> 1.5) and their
raw intensities (> 100). Quantitative RT-PCR was performed to validate the 10 candidate
circRNAs using an independent set of samples from 30 RA patients and 25 healthy controls.
Consistent with the microarray data, the average expression levels of circRNA_092516,
circRNA_003524, circRNA_103047, circRNA_104871, and circRNA_101873 in the PBMCs
of patients with RA were significantly higher than those of the healthy controls, while the
expression of circRNA_080802, circRNA_090069, and circRNA_407202 did not show any
remarkable differences between patients with RA and the healthy controls (Fig. 2). The
expression levels of circRNA_405718 and circRNA_405527 were not detectable in the PBMCs
from RA patients or healthy controls.

Spearman correlation test of clinical variables and confirmed circRNAs in PBMCs from

RA patients

To determine whether the significantly and differentially expressed circRNAs in the
PBMCs from RA patients were relevant biomarkers for the severity of RA, we performed the
Spearman correlation test to assess the correlation between RA-related clinical features and
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Fig. 1. Microarray determined
the circRNA expression profiles
in 5 RA patients and 5 healthy
controls (Normal). A. CircRNA
Scatter-Plot. Dots above the top
green line and below the bottom
green line indicate greater than
1.5-fold of changes of logarith-
mized circRNAs between the two | | | .

. 4 § & LB 4 18 2 1 (] 1
compared groups. B. CircRNAs Normal (normalized) Log?2 (fold change)
(red point) in the Volcano Plots RA vs. Nornal
represents the 1.5-fold up- and
down-regulated logarithmized
circRNAs with statistical signifi-
cance (P < 0.05). C. Heat map of
differentially expressed circR-
NAs. ‘Red’ indicates high relative
expression, and ‘green’ indicates
low relative expression.

RA (normalized)
Log10 (P value)
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Fig. 2. Quantitative RT-PCR determined the relative expression levels of circRNAs in PBMCs from 30 RA
patients and 25 healthy controls. The probability values were calculated using the Mann-Whitney test or
Student’s t-test, depending on data distributions, based on the comparisons with the RA and healthy control
groups.

circRNA_092516, circRNA_003524, circRNA_103047, circRNA_104871,and circRNA_101873
in the PBMCs from RA patients. As shown in Table 4, the levels of all confirmed circRNAs in
the PBMCs from RA patients did not correlate with DAS28, CRP, ESR or HAQ, which reflect
the severity of the disease. However, they did correlate with each other. For example, the
level of circRNA_003524 correlated with the level of circRNA_103047 (r = 0.824, P < 0.01).

ROC curve analysis of confirmed PMBC circRNAs among RA patients

To assess the potential value of significantly and differentially expressed circRNAs for
RA diagnosis, we performed ROC curve analysis. ROC curves of confirmed circRNAs showed
that the levels of circRNA_104871, circRNA_003524, circRNA_101873, and circRNA_103047
in PBMCs could separate the patients with RA from the healthy controls. The highest AUC
was found for circRNA_104871 (AUC: 0.833, 95% CI 0.721-0.944, P < 0.001), followed by
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Table 4. Spearman rank correlation coefficients of clinical variables and quantitative
RT-PCR-confirmed circRNAs in PBMCs from RA patients. Abbreviations: ESR: erythrocyte sedi-
mentation rate; CRP: C-reactive protein; HAQ: health assessment questionnaire; DAS28: disease
activity score in 28 joints; RF: rheumatoid factor; anti-CCP: anti-cyclic citrullinated peptide an-
tibodies. *P < 0.05, **P < 0.01

Nge
Anti-CCP 0,111 -
ESR 0.3217 -0.085
CRP 0.386" -0.158 0.571"
RF -0.074  0.0406 0.321 0351
DAS2Z2E8 0378 -0.075 0.683" 0572 0.227 -
HAQ 04927 -0.139 0644 0601 02641 0912"

circRNA_092516 0.020 0.031 0.180 0.087 0066 0216 -0.005 -

circRNA_(003524 0.074 -0.087 0.059 0023 -0.162 -0.065 -0.096 0.486™ -

circRNA 103047 -0.151 0.208 -0.171 -0.219 -0.154 -0.223 -0.282 0.388" 0.824" -
circRNA_104871 0.325 -0.031 -0.097 0.025 -0.297 -0.028 0.061 -0.026 0.288 0.429°
circRNA_101873 0.066 0283 0102 -0.103 -0.053 0137 0,192 0.004 0.140 0423 0413

Age  Ant-CCP  ESR CRP R DASZE HAQ  circRNA circRNA  circRNA circRNA

_092516 _003524 _102047 _104871

Fig. 3. ROC analysis of confirmed circRNAs in PBM-

. . i
Cs from RA patients. The largest AUC was found for ,_l:l ¥4
circRNA_104871 (AUC: 0.833), followed by circR- o ' |
NA_003524 (AUC: 0.683), circRNA_101873 (AUC: P
. . 7
0.676), and circRNA_103047(AUC: 0.671). e Eerd
% = [/
& 7
C‘H LT i 2 Source of the Curve
2 . ~ crc_083516
| 7 cire_0O3524
el o circ_103047
02 J . — cire_104871
4 eire_101873
- —— Reterence Line
oo L T T T
oo 02 04 08 o8 10
1 - Specificity
Variables AUC SEM Pvalue 95% C.l. Sensitivity Specificl
Cire_002616  0.637 0.078 0.082 0.488-0.786 0.567 0.520
Circ_003524  0.683 0.073 0.020 0.540-0.827 0.833 0.600
Circ_103047  0.671 0.073 0.030 0.529-0.814 0.667 0.560
Circ_104871 0,833 0.057 0.000 0.721-0.844 0.833 0.680
Circ_101873  0.676 0.073 0.026 0.534-0.818 0.667 0.680

circRNA_003524 (AUC: 0.683, 95% CI 0.54-0.827, P = 0.020), circRNA_101873 (AUC: 0.676,
95% CI 0.534-0.818, P = 0.026), and circRNA_103047 (AUC: 0.671, 95% CI 0.529-0.814, P =
0.030; Fig. 3). Therefore, circRNA_104871 may be more useful than the other 3 circRNAs as a
biomarker for RA diagnosis. Combined AUC from these circRNAs was increased slightly, but
was close to the value of individual AUC. For example, combined AUC for both circRNA_104871
and circRNA_003524 was 0.855 (P < 0.05), similar to that of circRNA_104871 (AUC = 0.833).

Discussion

CircRNAs are widely expressed in human cells, and their expression levels can be 10-
fold or greater than those of their linear isomers [20]. Compared with miRNAs and long
noncoding RNAs (IncRNAs), circRNAs are more stable in mammalian cells [21]. These
properties give circRNAs the potential of being ideal biomarkers for human diseases. Recent
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studies have revealed that circRNAs can be used as diagnostic or predictive biomarkers for
hepatocellular carcinoma [11], pre-eclampsia [22], gastric cancer [23], and bladder cancer
[24]. However, little is known about the role of circRNAs in RA. In this study, we performed
a microarray analysis of dysregulated circRNAs by comparing the transcriptome profiles of
PBMCs from patients with RA and those from healthy controls. A total of 12 significantly and
differentially expressed circRNAs were detected, with 9 circRNAs up-regulated and 3 down-
regulated. These observations may assist future pathophysiology researches in RA and help
determine whether circRNAs in PBMCs could be used as novel, non-invasive biomarkers
for RA diagnosis and treatment. PBMCs compose mainly lymphocytes and monocytes. We
compared the numbers of monocytes and lymphocytes between the RA and healthy control
groups, and we found no significant difference (P > 0.05, Table 2), suggesting that the
differences in circRNA expression from PBMCs between the RA and healthy control groups
were not because of lymphocyte or monocyte number differences.

CircRNA microarray profiling and qRT-PCR validation identified circRNA_092516,
circRNA_003524, circRNA_103047, circRNA_104871, and circRNA_101873 significantly
and differentially expressed in the PBMCs of RA patients compared with those from healthy
controls. These results indicate that the altered expression of circRNAs may be related to their
involvement in the pathogenesis of RA. Furthermore, our study found that the expression of
all confirmed circRNAs in the PBMCs of RA patients was not correlated with DAS28, CRP, ESR
or HAQ, indicating that these circRNAs may not be relevant biomarkers for disease severity or
systemic inflammation in RA. However, we found that the levels of some confirmed circRNAs
correlated with each other; for example, the level of circRNA_003524 correlated with the
level of circRNA_103047 (r = 0.824, P < 0.01). Therefore, we speculate that these circRNAs
may interact with each other directly or indirectly, although further experiments are needed
to test this possibility. In addition, in this study, we found that the levels of circRNA_104871,
circRNA_003524, circRNA_101873, and circRNA_103047 in PBMCs have potential diagnostic
value for RA. This was especially true for circRNA_104871, which showed a highest ROC AUC
value among all others, indicating its high potential as a diagnostic biomarker.

There are however some limitations in the present study. First is the relatively small
sample size; these data may be confirmed in large-scale studies and in other populations with
different races or from different regions. Second, to determine whether circRNA_104871 can
be a diagnostic biomarker, it should be evaluated for its ability to effectively distinguish RA
from other rheumatic diseases, such as systemic lupus erythematosus (SLE), osteoarthritis
(OA), and ankylosing spondylitis (AS), which are also characterized by joint damage. These
other rheumatic diseases should be included in further studies to strengthen the contention
that circRNA_104871 may serve as a diagnostic biomarker for RA. Third, we did not analyze
circRNAs in the plasma or serum. Studies have shown that exonic circRNA is not stable in
the serum, with a half-life of less than 15 s [18], and that circRNAs compose only a small
percentage of the total RNA.

Conclusions

Our study is the first to measure circRNA expression in PBMCs from RA patients and
from healthy controls. Our findings might enhance our knowledge regarding the role of
circRNAs in RA. In addition, we found that circRNAs may have value in RA diagnosis. These
observations should have potential clinical significance, and may help understand the
molecular mechanisms and biological functions of circRNAs in RA, all which merit further
investigation.
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