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Abstract
Objective
Rheumatoid arthritis (RA) is a common autoimmune disease. However, the positive diagnosis value of the current
biomarkers is unsatisfactory. Here, we aimed to identify RA-associated susceptibility genes and explore their potential
as novel biomarkers for the diagnosis of RA.

Methods
Peripheral blood mononuclear cells (PBMCs) were collected from healthy controls and RA patients. RNA-seq and
bioinformatics analyses were performed to identify the hub genes associated with RA. Then, the expression of hub genes
was assessed in mRNA expression profiles from GEO datasets. Real time-quantitative PCR (RT-qPCR) was performed
to further confirm the expression of the hub genes using the PBMCs that were collected from RA patients (n=47) and
healthy controls (n=40). Finally, we evaluated the diagnostic potential of the candidate mRNAs.

Results

RNA-seq analyses revealed 178 dysregulated genes measured by changes in mRNAs between the healthy controls and
the RA patients. We identified 3 candidate mRNAs, including ASPM, DTL and RRM?2, all of which were highly expressed
in RA. RRM?2 showed a significant higher expression in remissive RA compared with active RA. Significant correlations
were observed between DTL and IL-8, TNF-o. which were tested in serum by ELISA, between RRM?2 and CDAI, DAS-28,

tender and swollen joints, respectively. The expression level of RRM?2 was significantly higher in RA patients with the

Anti-CCP- than with the Anti-CCP*. The AUC (RA vs. OA) value of RRM?2 was 0.941 (p<0.0001; sensitivity=0.867;
specificity=0.904).

Conclusion
RRM?2 showed high diagnosis efficiency for RA patients. Therefore, the findings provided a novel candidate biomarker
for the diagnosis of RA.
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Introduction
Rheumatoid arthritis (RA) is a common
chronic, inflammatory, autoimmune

disease which can occur at any age
(1). It is characterised by a progressive
synovitis which is initiated and main-
tained by a complex interplay among
different immune cells as well as be-
tween immune and tissue cells (2, 3).
The average prevalence of RA ranges
from 0.5% to1.0% globally (4). If treat-
ment is inadequate or delayed, RA can
lead to accumulating cartilage destruc-
tion, bone erosion, irreversible physical
challenge as well as systemic complica-
tions (1, 5).

The disease is complex and is known
to be prominently associated with some
risk factors, including sex, genetic com-
ponent, epigenetic and environmental
factors (6). With the development of
Genome-wide association studies and
subsequent meta-analyses, plenty of ge-
netic association studies show that RA
has a strong genetic element which can
account for 60% of the risk of develop-
ing RA (1, 6, 7) and more than 100 RA
risk genetics loci have been identified,
such as HLA-DRB1, CD28, STAT4,
PADI4, PTPN22 as well as epigenetic
modification (4, 8, 9). However, studies
for RA associated susceptibility genes
are not robust enough.

In RA treatment strategies, early and
precise diagnosis is very important be-
cause timely treatment can protect as
many as ninety percent patients with
early RA from disease progression and
subsequent joint damage (2, 3). How-
ever, in most RA patients, when the
clinical manifestations such as swell-
ing, morning stiffness and tenderness of
joints are evident, the pathogenesis has
begun many years (1, 10). Moreover,
there is no diagnostic criteria for RA
(10). Although the current ACR/EU-
LAR 2010 classification criteria which
includes joint distribution, symptom
duration, serology of anti-citrullinated
protein antibodies (ACPAs) and rheu-
matoid factor (RF), acute phase reac-
tants (such as C-reactive protein and
erythrocyte sedimentation rate) has a
higher sensitivity for early recognition
of RA than the older ACR 1987 clas-
sification system (10-12), it has only a
specificity of 61% (2). Currently there

are some ways for clinicians to evalu-
ate a patient with possible early RA, in-
cluding inquiry symptoms and medical
history, physical examination, imaging
test, and laboratory blood tests (13).
Despite the fact that imaging tests, such
as magnetic resonance imaging (MRI),
ultrasonography, or x-ray, are very sen-
sitive for detecting synovitis and pannus
before bone erosion and cartilage deg-
radation, their specificity and routine
application are limited (3, 10, 14, 15).
Additionally, the positive predictive
value of the biomarkers (anti-cyclic cit-
rullinated peptide antibody (anti-CCP),
RF) is moderate. The sensitivity is 67%
and 70% for anti-CCP and RF, respec-
tively (16), which remain challenges
facing rheumatologists. Therefore, the
development of novel biomarkers for
RA remains an unmet need.

In the present study, to identify the nov-
el RA-associated susceptibility genes
and test their potential as new biomark-
ers for the diagnosis of RA, we collect-
ed PBMCs from 4 healthy human do-
nors and 4 RA patients. Then RNA-seq
analyses were used to identify the dif-
ferentially expressed genes (DEGs) be-
tween RA patients and healthy donors.
The expression of hub genes in RA was
assessed and screened in GSE93272
dataset which included 23 healthy
control subjects and 136 patients with
RA. Next, real time-quantitative PCR
analyses (RT-qPCR) were performed
to further confirm the expression of the
hub genes from the PBMCs that were
collected from 47 RA patients and 40
healthy volunteers. Furthermore, we
further assess the potential of the candi-
date mRNAs as diagnostic biomarkers
for RA (Fig. 1a).

Materials and methods

Study population and data resources
Peripheral blood collected from a total
of 8 participants (4 RA patients vs. 4
healthy controls) was used for RNA-
seq analysis. Peripheral blood was col-
lected from a total of 108 participants
who were recruited consecutively for
this study: 47 patients with RA, 40
healthy controls, and 21 female os-
teoarthritis (OA) patients. All the RA
patients met the classification criteria
of ACR/EULAR 2010 and were re-
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Fig. 1. (a) Flow chart of the study. DEGs, differentially expressed genes; GO, Gene Ontology; KEGG,
Kyoto Encyclopedia of Genes and Genomes; PPI, protein protein interaction; ROC, Receiver operat-
ing characteristic curves. CDAI, Crohn’s Disease Activity Index; DAS28, Disease Activity Score 28;
(b) Volcano plots showing the DEGs in the two comparison groups. The red dots represent up-regulat-
ed genes (10g2FC > 1), and the blue dots represent down-regulated genes (log2FC < -1).

cruited in The Fifth Affiliated Hospital
of Sun-Yat-Sen University. The ethics
committee of Fifth Affiliated Hospital
of Sun Yat-sen University approved
the study in accordance with the rel-
evant guidelines and regulations, and
informed consent was obtained from
all patients.

All the healthy controls (HCs) without
osteoarthritis and ankylosing spondyli-
tis were from the same hospital. All the
participants underwent examination
and evaluation of swollen and tender
joints, Clinical Disease Activity Index
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(CDAI) and Disease Activity Score 28
(DAS28). Laboratory tests included
anti-CCP, C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR)
and blood routine parameters. The
characteristics of healthy controls and
patients with rheumatoid arthritis are
shown in Table I.

To test the expression of hub genes
between RA and HCs, we searched
the Gene Expression Omnibus (GEO)
database)  (https://www.ncbi.nlm.nih.
gov/geo/) for microarray datasets us-
ing the keyword “rheumatoid arthritis”.

Datasets were included if they met all
of the following criteria: (1) were from
humans; (2) included expression data
from blood mRNA of both RA and
HCs; (3) the number of rows in each
platform was >50,000; (4) the number
of RA samples was =20, and the num-
ber of HCs samples was =20. Finally,
one dataset GSE93272 was selected
(18).

Preparation of peripheral

blood samples and isolation

of plasma and RNA

For whole-blood transcriptome analy-
sis, peripheral blood samples were col-
lected from healthy human donors and
RA individuals and stored in EDTA-2K
-containing vacuum blood collection
tubes at -80°C. Peripheral blood mono-
nuclear cells (PBMCs) were extracted
by using the Histopaque-1077 (Sigma-
Aldrich, UK) from blood samples. And
the plasma was isolated and stored at
-80°C for Elisa. Follow-up total RNA
was extracted from PBMCs using the
Total RNA Kit I (Omega Bio-tek, USA)
according to manufacturer’s instruc-
tions. The concentrations of the RNA
were quantified using NanoDrop ND-
1000 spectrophotometer (ThermoFish-
er Scientific, USA) and assessed using
absorbance ratios of A260/A280 nm
>1.8 and RNA Integrity Number >7.

RNA-seq analysis

Before RNA-sequencing, the quality of
RNA was tested by Agilent 2100 Bio-
analyzer (Agilent Technology). 2 pg of
RNA sample was taken for RNA-se-
quencing. RNase R digested and rRNA
depleted RNAs were taken to generate
the sequencing libraries by using Total
RNA-seq (H/M/R) Library Prep Kit for
Ilumina (Vazyme Biotech) according
to the manufacturer’s instructions. The
library preparations were sequenced on
Hiseq X Ten (Illumina).

Identification of

differentially expressed genes

For the identification of the differen-
tially expressed mRNA in all DEGs
between RA and healthy control sam-
ples, the limma package (v. 3.46.0) was
performed with the predefined criterion
(Hog2FoldChangel >1 and p<0.05) (19).
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Table I. Characteristics of healthy controls and patients with rheumatoid arthritis.

Characteristics RA HC
Number 47 40
Early RA vs. established RA Svs. 42 NA
Disease status (active vs. remission) 39 vs.8 NA
Age (years)* 57.13x12.27 61.15+11.03
Sex (M/F) 16/31 11/29
Disease duration (month)® 1008.00 (158.40,1872.00) NA
Anti-CCP(U/ml)® 179.40 (57.10,200.00) NA
DAS28-CRP*? 4.06x1.14 NA
DAS28-ESR® 4.90 (4.10,5.70) NA
CRP (mg/1)® 25.14 (5.10,73.40) 13.35(1.18,53.06)
ESR (mm/h)* 61.17+34.13 36.26+28.36
Swollen joints® 6.00 (2.00,10.00) NA
Tender joints® 6.00 (3.00,10.00) NA
ILD positive (%) 17.02% NA

In the groups providing PBMCs, there was no significant difference in age and sex between RA pa-

tients and HC.

RA: rheumatoid arthritis; HC: healthy controls; M/F: male/female; anti-CCP: anti-cyclic citrullinated
peptide antibodies; DAS28: Disease Activity Score in 28 joints; CRP: C-reactive protein; ESR: erythro-
cyte sedimentation rate; ASO: antistreptolysin; C3: complement 3; C4: complement 4; ILD: interstitial

lung disease; NA: not available.

“Expressed as mean+standard deviation. *PExpressed as the median (25th to 75th percentile).

Functional exploration

for DEGs and key modules

To explore and visualise the potential
functions of the identified mRNAs in
DEGs and key modules, clusterProfiler
package (20) in R was utilised for Gene
Ontology (GO) enrichment analysis
and the Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway enrich-
ment.

Protein-protein interaction

(PPI) network analysis

To establish the interactions of up-or
down-regulated RA-related mRNAs in
DEGs, we constructed a PPI network
by STRING v. 11.0 database (https://
string-db.org/) (21), and subsequently
visualised it by Cytoscape software v.
3.8.2 (22). Typically, the most widely
applied gene centrality measures are
degree, closeness and betweenness.

Identification of hub genes

and key modules

To screen hub genes, CytoHubba v. 0.1,
a Cytoscape plug-in which can predict
and explore important nodes/hubs by
topological algorithms, was used based
on the genes in PPI networks (23). Mean-
while, the Cytoscape plug-in Molecular
Complex Detection v. 2.0.0 (MCODE)
was employed to analyse the RA asso-
ciated key modules with MCODE score
>5 and nodes =5 (24).
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Real time-quantitative

PCR (RT-gPCR) analysis

Firstly, RNA concentration and purity
were measured using NanoDrop2000C
ultra-micro spectrophotometer, RNA
samples A260/280 >2.0 and A260/230
>2.0 were considered to have higher
purity. Then we synthesised first strand
cDNA from total RNA templates using
RevertAid Master Mix (Thermo Sci-
entific, Lithuania). Briefly, the reverse
transcription reactions were incubated
for 30 min at 42°C, 5 min at 95°C and
held at 4°C. Last, Quantitative Real
time PCR (qRT-PCR) was performed to
measure the relative genes expression on
a CFX-96 Touch™ (BIO-RAD, USA)
using Forget-Me-Not™  EvaGreen®
gPCR Master Mix (Biotium, USA) ac-
cording to the product’s protocol. The
primer sequences are listed in Supple-
mentary Table S1. The expression was
determined by the threshold cycle (Ct),
and relative expression levels were cal-
culated using the 244 method with
GAPDH as an internal control.

ELISA

To determine the concentration of in-
flammatory cytokines in all serum
samples, such as IL-1a, IL-1f3, IL-6,
IL-8, TNF-o and IFN-y, enzyme-
linked immunosorbent assay (ELISA)
was performed using the correspond-
ing ELISA Kit (Saicheng Bio-tek,

China) according to the manufacturer’s
instructions.

Statistical analysis

Data was tabulated using Microsoft
Excel 2019 and analysed using SPSS
software v. 24 (IBM, USA) and Graph-
Pad Prism v. 8.0.1 (GraphPad Soft-
ware, Inc., San Diego, CA). Student’s
t-test was employed to assess the gene
expression between RA cases and
controls in GSE93272 dataset which
was normally distributed parameters.
Mann-Whitney’s U-test was applied for
skewed distribution including gene ex-
pression in RA course and states. Pear-
son’s analysis or Spearman method was
performed for testing the correlation
between mRNA expression levels and
the clinical variables including CDAI,
DAS28, counts of swollen/tender joints
and inflammatory factors, as appropri-
ate. Receiver operating characteristic
(ROCQC) curves were conducted to evalu-
ate the sensitivity and specificity of can-
didate mRNAs. p<0.05 was considered
to be statistically significant threshold.

Results

Identification of DEGs

Toidentify the differentexpression genes
between control and RA, we collected
whole blood samples from 4 healthy
individuals and 4 RA patients, and then
performed RNA-seq analyses. Analysis
of the dataset revealed 178 mRNAs that
were differentially expressed between
the healthy controls and the rheumatoid
arthritis patients (llog2FoldChangel >1
and p<0.05) (Suppl. Table S1). Among
the 178 mRNAs identified, 124 mRNAs
were upregulated and 54 mRNAs were
downregulated. Their distribution was
presented using a volcano plot (Fig. 1b).

Functional exploration

To further understand the functions of
the mRNAs that were differentially
expressed and the connections among
them, GO and KEGG pathway enrich-
ment analyses were performed on the
up-regulated or down-regulated mR-
NAs by the DAVID functional annota-
tion clustering tool, respectively. The
analysis results showed that under the
“biological processes” category, up-
regulated mRNAs were significantly
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Fig. 2. Functional and pathway enrichment analysis of the mRNAs in each module.
(a) GO terms analysis of all mRNAs in 3 functional moduals.

(b) KEGG pathway enrichment analyses of all mRNAs in 3 functional moduals.

(¢) GO terms/KEGG pathways associated with top 10 enriched hub genes.

GO terms: GO:0051301, cell division; GO:0030496, midbody; GO:0005814, centriole; GO:0005654, nucleoplasm; GO:0005813, centrosome; GO:0045931,
positive regulation of mitotic cell cycle; GO:0032467, positive regulation of cytokinesis; GO:0007080, mitotic metaphase plate congression; GO:0005871,
kinesin complex; GO:0003777, microtubule motor activity; GO:0007018, microtubule-based movement; GO:0000922, spindle pole; bta04115, p53 signal-
ing pathway; KEGG pathway module: bta04110, Cell cycle.

enriched in nucleosome assembly, mi-
totic nuclear division, cell division, cel-
lular protein metabolic process and gene
silencing by RNA. On the other hand,
down-regulated mRNAs were enriched
in inflammatory response, immune re-
sponse, cell adhesion, proteolysis, and
bicarbonate transport (Suppl. Table S3-
1). The top 5 pathways of KEGG en-
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richment for the mRNAs upregulated
in rheumatoid arthritis patients were
systemic lupus erythematosus, alcohol-
ism, viral carcinogenesis, cell cycle and
transcriptional misregulation in cancer.
The top 5 KEGG pathways for the mR-
NAs downregulated in rheumatoid ar-
thritis patients were complement and
coagulation cascades, staphylococcus

aureus infection, chagas disease, afri-
can trypanosomiasis and rheumatoid
arthritis (Suppl. Table S3-2).

Protein-protein interaction

(PPI) network construction

and key module analysis

To further narrow and target the key
regulatory mRNAs, a PPI network

2113
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*p<0.05; ¥¥p<0.01; **p<0.001; ****p<0.0001. ns: no significance.

analysis was conducted using STRING
(Suppl. Fig. S1). The top 10 hub mR-
NAs with the highest degrees of inter-
action were identified by the cytoHubba
in Cytoscape. Their degree, closeness
and betweenness are shown in Supple-
mentary Table S4.

Subsequently, the top 3 significant
functional modules were screened from
the PPI network by the Molecular Com-
plex Detection (MCODE) plug-in with
MCODE score =5 and nodes =5 (Suppl.
Table S5). All genes in the three mod-
ules were utilised to perform GO and
KEGG enrichment analyses (Fig. 2a-
b). We also performed GO and KEGG
analyses for the 10 hub genes. The re-
sult was visualised in Fig. 2c.

Validation of the expression

of hub genes

All of these 10 hub genes underwent
expression validation in the GSE93272
dataset. The results, as shown in Fig. 3a,
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indicated that CCNB1, CDC6, RRM2,
ASPM and DTL were significantly up-
regulated in RA samples compared to
healthy control samples. However, the
five genes have been little studied on
their associations with RA. To further
confirm their roles in theumatoid arthri-
tis, we collected peripheral blood from
47 patients with RA and 40 healthy do-
nors. Then RT-PCR analysis was per-
formed to detect the expression of the
five mRNAs (Fig. 3b-f). Eventually,
we found that ASPM, DLT and RMM2
were significantly up-regulated in RA
group compared to healthy controls.

Clinical evaluation for

the 3 candidate mRNAs

Next, we assessed the expression of
examined mRNAs in early RA patients
and established RA patients, and in RA
patients that were in remissive stages
and in active stages. Consistent with
the validation data above, the expres-

sion of all the three mRNAs showed
great differences between RA and HCs.
However, the expression of ASPM,
DTL and RRM2 have no significant
difference between early RA and estab-
lished RA (Fig. 4a), and only RRM2
showed a significant high expression in
remissive RA compared with active RA
(Fig. 4b).

Further, we performed correlation anal-
yses between the 3 candidate mRNAs
and inflammatory factors, blood cells,
acute phase reactants, RA disease activ-
ity scores, disease duration, and clinical
symptoms (Suppl. Table S6). As shown
in Fig. 4c-h, significant correlations
were observed between DTL and IL-
8, TNF-a, between RRM2 and CDAI,
DAS-28, tender joints, swollen joints,
respectively.

The above results taken together
showed a great power of RRM2 in dis-
criminating between RA patients and
healthy subjects. Moreover, RRM?2

Clinical and Experimental Rheumatology 2022
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Fig. 4. Clinical evaluation for the 3 candidate mRNAs.
(a) levels of the 3 candidate mRNAs expression in PBMCs from healthy volunteers (control) (n=40), early RA patients (eRA) (n=5) and established RA
patients (RA) (n=42). Bars show the mean with standard deviation. p-values were determined by Mann-Whitney test.
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healthy volunteer s(n=40). Bars show the mean with standard deviation. p-values were determined by Mann-Whitney test.

(c-h) Spearman correlation analyses for the relationships between the 3 candidate mRNAs and inflammatory factors (c, d), CDAI (e), DAS28 (f), tender (g)

Tender joints

Swollen joints

and swollen joints (h).
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Fig. 5. Validation of the diagnostic values of RRM2 in RA patients.

(a) the mRNA expression level of RRM2 in RA patients with Anti-CCP- (n=14) and Anti-CCP*(n=16).

(b) the mRNA expression level of RRM2 in RA patients with RF" (n=11) and RF*(n=36).
(c) the mRNA expression level of RRM2 in RA patients (n=47), OA patients (n=21) and Healthy Controls (n=40).
(d) ROC curve analysis of RRM2 in patients with RA compared with OA.
*p<0.05, ¥¥p<0.01, ***p<0.001, ****p<0.0001. ns: no significance.

could not only distinguish between
RA patients with remission and active
stage, but also had positive correlations
with inflammatory factors and clinical
manifestation.

RRM?2 might serve as a novel
diagnostic biomarker for RA

Based on the results showing that
RRM?2 was highly expressed in the
PBMC of RA patients, and had obvi-
ously correlations with disease stage,
inflammatory factors and clinical mani-
festation, we further explored whether
RRM?2 is a novel diagnostic biomarker
for RA. We divided the RA cohorts
into the Anti-CCP positive group (An-
ti-CCP*) and the Anti-CCP negative
group (Anti-CCP") by the cut-off value
of Anti-CCP. Importantly, we found
that the expression level of RRM2 was
significantly higher in the Anti-CCP
group than that in the Anti-CCP* group
(Fig. 5a), which indicated that RRM2
has a better diagnostic efficiency for
RA patients with Anti-CCP-. Addition-
ally, we divided the RA cohorts into the
RF negative group (RF) and the RF
positive group (RF*), then we analysed
the mRNA expression level of RRM2
in both of them. The results showed that
the expression level of RRM2 was no
significant difference between the RF
group and the RF* group (Fig. 5b).
Next, we analysed the potential value
of RRM2 expression in PBMC in the
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differential diagnosis of RA and os-
teoarthritis (OA) (n=21). The RT-qPCR
analysis demonstrated that the RRM2
expression of RA was significantly
higher than that of OA and HC, but
there was no difference in the expres-
sion of RRM2 in NC and OA (Fig. 5¢).
Subsequently, to verify whether the
RRM2 could discriminate RA from
OA patients, we performed Receiver-
operating characteristic (ROC) curve
analysis and measured the area under
the curve (AUC) to assess the diagnos-
tic potential. The AUC (RA vs. OA)
value of RRM2 was 0.941 (p<0.0001;
sensitivity = 0.867; specificity = 0.904)
(Fig. 5d). The above results suggested
that RRM2 might serve as a novel di-
agnostic biomarker for RA, and RRM2
could improve the diagnostic efficiency
for RA patients with Anti-CCP-

Discussion

Here, we performed RNA sequencing
analyses of cohorts of patients with
RA and HCs. Using bioinformatics
analysis, this study comprehensively
identified PBMC expressed mRNAs
associated with RA and provided a
novel candidate mRNA biomarker,
RRM2, for RA diagnosis, as supported
by both GEO dataset and clinical sam-
ples validations. Importantly, RRM2
has a high discriminative power with
extremely high levels of sensitivity =
0.867 and specificity = 0.904. Moreo-

ver, we observed that PBMC-mRNA-
RRM2 levels in RA patients raised
following exacerbation of clinical
symptoms and disease activity, includ-
ing CDAI, DAS28-ESR, tender joints,
swollen joints and a transformation
of the disease state from remission to
active. These results suggested that
the potential role of RRM?2 as a novel
biomarker for diagnosing RA. As we
know, the predictive value of the ex-
isting biomarkers (anti-CCP and RF)
is moderate (16). The PBMC-RRM2
level could improve the diagnostic ef-
ficiency of RA.

Our results showed that the expression
of RRM2 in active RA was obviously
higher than that in remissive RA, this
may imply that RRM2 may have the
potential to assess the prognosis of RA.
However, there is a great deal of work
that needs further investigation, wheth-
er RA patients with high mRNA ex-
pression of RRM2 indeed have a worse
prognosis, e.g. with more destructive
disease or treatment failure.

Early diagnosis of RA is an important
step towards a more effective preven-
tion of the RA progression and subse-
quent damage (25). The RF and anti-
CCP are the well-known serological
biomarkers for RA diagnosis. Raised
serum titre of RF is associated with
disease activity, longer disease dura-
tion and extraarticular manifestations
(26-28). And circulating anti-CCP can
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be detected even 10 years before the
first symptoms onset (29, 30). There-
fore, the presence of RF and anti-CCP
are commonly used as a diagnostic
biomarker as well as a prognostic bio-
marker (31). However, the sensitivity
of anti-CCP and RF is just 67% and
70%, respectively (16), which means
that negative results do not exclude RA
(10), which remains challenges facing
rheumatologists. With the development
of sequencing technology and bioin-
formatics analysis, many scientists are
trying to find a novel highly sensitive
and specific biomarker of the disease.
Mounting data has suggested that non-
coding RNAs (ncRNAs) in RA play a
pivotal role in regulating inflammation
and autoimmunity and can be regarded
as candidate biomarkers for RA (32).
For example, miR-146a, miR-150 and
miR-223 have been found to be high-
ly expressed in peripheral blood and
joint tissues, and can serve as promis-
ing biomarkers for RA diagnosis (33).
Another candidate long non-coding
RNA biomarker is GAPLINC, which
participated in the proliferation, inva-
sion and migration of FLS, and whose
expression was increased in the periph-
eral blood, T cell, and synovial tissues
of RA patients (34). Intriguingly, the
ncRNAs participate in the pathogen-
esis of RA through the IncRNA/cir-
cRNA-miRNA-mRNA network (32).
And only a few of them have been
employed in clinical diagnosis. Yet it
is worth noting that many of these bio-
markers only can be detected from tis-
sue, such as synovium tissues, obtained
by biopsies. By contrast, those that can
be detected in peripheral blood through
non-invasion are more useful (35).

Ribonucleotide reductase M2 (RRM?2)
acts as a subunit of ribonucleotide re-
ductase (RR) which is important for
DNA replication and damage repair
via providing deoxy- ribonucleoside
triphosphates (ANTPs) (36, 37). Many
studied have showed that RRM2 plays
a key role in tumour cell proliferation,
apoptosis, DNA damage and epithe-
lial mesenchymal (38-40). Therefore,
RRM?2 is regarded as a key gene in
tumour metastasis and progression, as
well as a promising biomarker for a va-
riety of cancers (41, 42). Meanwhile,
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previous studies indicated that both
mRNA and protein of RRM2 were re-
sponsible for chemotherapy sensitivity
and resistance (43), such as imatin-
ib-based therapy resistance in chronic
myeloid leukaemia (44), adriamycin
resistance in breast cancer (45), gem-
citabine resistance in advanced lung
squamous cell carcinoma (46) and so
on. Interestingly, only one report about
RRM?2 was associated with RA, using
liposome-polycation-dNA (LPd) com-
plex loaded with RRM2 small interfer-
ing RNA, suggested that suppressed
RRM2 gene may cause the downregu-
lation of the levels of proinflammatory
cytokines TNF-a and IL-6 in RA-fibro-
blast-like synoviocytes (RA-FLSs) via
increasing the levels of apoptosis and
inhibiting the proliferation of RA-FLSs
(47). Evidence from this study eluci-
dated that RRM2 could play a critical
role in the pathogenesis of RA. How-
ever, we could not find positive corre-
lations between RRM2 and inflamma-
tory factors including TNF-a and IL-6
in plasma. These inconsistent results
indicated that RRM2 has a cell and tis-
sue-specific expression pattern in RA.
In the light of the complex biological
role of RRM2, more studies are needed
to explore the mechanism and function
of RRM2 in RA.

Our study has several potential limita-
tions. The first weakness was that the
population of cohorts used for high-
throughput sequencing analyses was
small. Secondly, the individual samples
we collected and those in GSE93272
dataset used to validate the hub genes
and evaluate their correlation with
clinical characters were all Japanese
and Chinese; more samples from other
countries are needed to verify these re-
sults. Thirdly, the number of early RA
patients is too low to provide secure
data regarding the eventual discrimi-
nating role of RRM2 between early and
established RA. Similarly, the number
of patients with active RA is not well
balanced by the number of patients with
remitting disease, which may lead to a
high sensitivity. Finally, more research
is needed to investigate the utility of
RRM2 in the differential diagnosis of
other autoimmune diseases such as an-
kylosing spondylitis.

Conclusion

In summary, this study identified 3
newly discovered mRNAs associated
with RA and their expression levels
significantly increased in PBMC in
RA. With the validations in vivo and
vitro, RRM2 showed high diagnosis
power with extremely high levels of
sensitivity (86.7.%) and specificity
(90.4%). Moreover, RRM2 could im-
prove the diagnostic efficiency for RA
patients with anti-CCP-. Therefore, the
findings provide a novel candidate bio-
marker for the diagnosis of RA.
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