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Purpose: To analyze the independent associations of miRNA-146a and miRNA-223 with rheumatoid arthritis (RA) and evaluate their 
predictive values for RA.
Patients and Methods: A total of 68 RA patients were selected as cases, and meanwhile 68 patients with a traumatic knee condition 
were selected as controls by matching to the cases according to sex and age at the ratio of 1:1. The independent associations of 
miRNA-146a and miRNA-223 with RA were identified by binary logistic regression analysis. Receiver operating characteristic (ROC) 
curve was used to evaluate their predictive values for RA.
Results: MiRNA-146a and miRNA-223 expression levels in both synovial tissues and serums were statistically higher in cases than in 
controls, and their expression levels in serums were not statistically different from those in synovial tissues in both cases and controls. 
The expression levels of miRNA-146a and miRNA-223 in synovial tissues were independently associated with RA, as well as the 
expression levels of miRNA-146a and miRNA-223 in serums. The area under curve (AUC) of combination of miRNA-146a and 
miRNA-223 in synovial tissues for the prediction of RA was 0.910 [95% confidence interval (CI): 0.863–0.962], and the AUC of 
combination of miRNA-146a and miRNA-223 in serums was 0.904 (95% CI: 0.851–0.957). Their difference was not statistically 
significant (P=0.873), but the AUC of combination prediction was statistically higher than those of individual predictions (synovial 
tissues: 0.910 vs 0.773, P=0.005, 0.910 vs 0.788, P=0.009; serums: 0.904 vs 0.766, P=0.005, 0.904 vs 0.784, P=0.011).
Conclusion: MiRNA-146a and miRNA-223 in both synovial tissues and serums could be applied in predicting RA, and their 
combination could elevate the predictive value significantly.
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Introduction
Rheumatoid arthritis (RA) is a systemic autoimmune disease that can occur in people of any age. Its prevalence increases with age 
influencing approximately 0.5–1% of the population worldwide.1 RA is characterized by chronic synovial inflammation which 
can result in destruction of cartilage and bone.2 It firstly involves the small joints especially in the wrist and hands; and the larger 
joints, such as knees, ankles, shoulders and elbow, are also prone to be involved following its progression. The involvement of 
knees is common in RA patients.3,4 RA can lead to morbidity, disability and premature mortality, which in turn results in distressed 
life quality. Early diagnosis is critical in halting the progression of RA to prevent disability and preserve life quality. Numerous risk 
factors demonstrated their involvement in the development and progression of RA, including environmental, genetic, epigenetics, 
smoking, etc. As a heterogeneous disease, RA comprises the infiltration and accumulation of immune cells and production of 
autoantibodies in synovial tissues of joint.5 Thus, it is helpful for improving diagnosis to understand the complex pathological 
behavior of RA.6

MiRNAs comprise a class of small non-coding RNAs that have a crucial role in many biological processes such as organ 
development, cell proliferation, cell fate determination, differentiation and signal transduction, via regulating gene expression.7 
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The abnormal expression of miRNAs has been associated with the pathogenesis of multiple pathological conditions including 
RA,8,9 although the functions of most miRNAs have yet to be elucidated. Therefore, they are considered as prognostic and 
diagnostic biomarkers of multiple diseases.10 The expression of miRNA-146a is significantly increased in the peripheral blood 
mononuclear cells and synovial fluid of RA patients compared with healthy and disease controls. Moreover, multiple studies have 
examined the association of miRNA-146a polymorphism rs2910164 with RA.11–17 Additionally, the expression of miRNA-223 
is also significantly up-regulated in synovial fluid, fibroblast-like synoviocytes and naive CD4+T lymphocytes of RA patients 
compared with healthy and disease (osteoarthritis) controls.18–20 However, the independent associations of miRNA-146a and 
miRNA-223 with RA have still not been investigated, as well as their predictive values for RA. In this study, we analyzed the 
independent associations of miRNA-146a and miRNA-223 with RA through binary logistic regression analysis, and evaluated 
the values of miRNA-146a and miRNA-223 in individually and jointly predicting RA through ROC curves. The aim was to 
provide useful information for application of miRNA-146a and miRNA-223 in diagnosis of RA.

Patients and Methods
Patients
This study was a retrospective analysis, recruiting 68 RA patients (21 males and 47 females) with an average age of 
51.62±15.37 years as cases at People’s Hospital of Xinjiang Uygur Autonomous Region between April 2018 and 
June 2022. During the identical time period, 68 patients with a traumatic knee condition were matched to the cases by 
sex and age at the ratio of 1:1. RA was definitely diagnosed according to 2010 classification criteria defined by the 
American College of Rheumatology/European League against Rheumatism.21 Synovial tissues were collected during 
knee surgery and then prepared as described previously,22 and peripheral blood samples were centrifuged at 2000 g for 10 
min to obtain serums. The synovial tissues and serums were stored at −80°C until detection of the expression of miRNA- 
146a and miRNA-223. This study protocol was reviewed and permitted by the Ethics Committee of People’s Hospital of 
Xinjiang Uygur Autonomous Region (KY2021052605), and conducted in accordance with the guidelines of the 
Declaration of Helsinki. All patients provided written informed consents.

Detection of miRNA-146a and miRNA-223 Expression Levels
The TRIzol kit (Invitrogen Life Technologies, Carlsbad, CA, USA) was employed to extract total RNA from synovial tissues 
and serums. The concentration, purity and integrality of the total RNA were evaluated by agarose gel electrophoresis and 
ultraviolet spectrophotometry. The total RNA was reversely transcribed into cDNA with the miRNA First Strand cDNA 
Synthesis Tailing Reaction Kit (Sangon Biotech, Shanghai, China). Quantitative Real-Time Polymerase Chain Reaction (qRT- 
PCR) was used to measure miRNA-146a and miRNA-223 expression levels with TaqMan miRNA assay kits (Applied 
Biosystems, Foster City, CA, USA) on a ABI 7900 Fast system (Applied Biosystems, Foster City, CA, USA). The 2–ΔΔCt 

method was used to evaluate miRNA-146a and miRNA-223 expression levels using U6 as the internal reference.

Statistical Analysis
Kolmogorov–Smirnov test was employed to evaluate the normality of miRNA-146a and miRNA-223 expression levels, and 
Student’s t-test was employed to compare their intergroup differences between case group and control group. The independent 
associations of miRNA-146a and miRNA-223 with RA were identified using binary logistic regression analysis. Receiver 
operating characteristic (ROC) curve was used to evaluate the values of miRNA-146a, miRNA-223 and their combination in 
predicting RA. Z test was used to compare area under curve (AUC). All of the above statistical analysis was carried out using 
the SPSS version 18.0 (SPSS Inc., USA), and significance was set at two sided P<0.05.

Results
MiRNA-146a and miRNA-223 Expression Levels
The expression levels of miRNA-146a and miRNA-223 in both synovial tissues and serums were statistically higher in 
cases than in controls, and the expression levels of miRNA-146a and miRNA-223 in serums were not statistically 
different from those in synovial tissues in both cases and controls (Figure 1).
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Independent Associations of miRNA-146a and miRNA-223 with RA
Binary logistic regression analysis showed that the expression levels of miRNA-146a [odds ratio (OR): 2.258, 95% 
confidence interval (CI): 1.107–3.476, P<0.001] and miRNA-223 (OR: 3.201, 95% CI: 1.428–4.732, P<0.001) in 

Figure 1 MiRNA-146a and miRNA-223 expression levels in synovial tissues and serums. *: P < 0.05, vs cases.

Figure 2 ROC curves of miRNA-146a in synovial tissues and serums for predicting RA. 
Abbreviations: ROC, receiver operating characteristic; RA, rheumatoid arthritis.
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synovial tissues were independently associated with RA, and the expression levels of miRNA-146a (OR: 2.249, 95% CI: 
1.110–3.502, P<0.001) and miRNA-223 (OR: 3.189, 95% CI: 1.417–4.645, P<0.001) in serums were also independently 
associated with RA.

Predictive Values of miRNA-146a for RA
According to the ROC curves (Figure 2), the AUC of miRNA-146a in synovial tissues for the prediction of RA was 0.773 
[standard error (SE): 0.041, 95% CI: 0.692–0.853, P<0.001], and the AUC of miRNA-146a in serums for the prediction 
of RA was 0.766 (SE: 0.041, 95% CI: 0.684–0.847, P<0.001). Z test demonstrated that their difference was not 
statistically significant (Z=0.121, P=0.825).

Predictive Values of miRNA-223 for RA
According to the ROC curves (Figure 3), the AUC of miRNA-223 in synovial tissues for the prediction of RA was 0.788 
(SE: 0.039, 95% CI: 0.711–0.865, P<0.001), and the AUC of miRNA-223 in serums for the prediction of RA was 784 
(SE: 0.039, 95% CI: 0.707–0.861, P<0.001). Z test demonstrated that their difference was not statistically significant 
(Z=0.0725, P=0.944).

Predictive Values of Combination of miRNA-146a and miRNA-223
In order to diagnose RA more accurately, the value of combination of miRNA-146a and miRNA-223 in predicting RA was 
further evaluated. The ROC curve of combination prediction was drawn with the probability derived from binary logistic 
regression analysis. The AUC of combination of miRNA-146a and miRNA-223 in synovial tissues (Figure 4) for the 
prediction of RA was 0.910 (SE: 0.026, 95% CI: 0.863–0.962, P<0.001), and the AUC of combination of miRNA-146a 

Figure 3 ROC curves of miRNA-233 in synovial tissues and serums for predicting RA. 
Abbreviations: ROC, receiver operating characteristic; RA, rheumatoid arthritis.
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and miRNA-223 in serums (Figure 5) for the prediction of RA was 0.904 (SE: 0.027, 95% CI: 0.851–0.957, P<0.001). Z test 
demonstrated that their difference was not statistically significant (Z=0.160, P=0.873), but the AUC of combination prediction 
was statistically higher than those of individual predictions (synovial tissues: 0.910 vs 0.773, Z=2.822, P=0.005, 0.910 vs 
0.788, Z=2.603, P=0.009; serums: 0.904 vs 0.766, Z=2.811, P=0.005, 0.904 vs 0.784, Z=2.530, P=0.011).

Discussion
MiRNAs have been demonstrated associations with cancer, autoimmune, neurodegenerative and viral diseases since their 
discovery.23 By binding the 3’-untranslated region (3’-UTR) of target messenger RNAs (mRNAs), miRNAs generally 
play a role in translational suppression or mRNA degradation, but they can also control the transcription rate. In addition, 
they can actually induce expression of gene under certain conditions and in specific cell types.24 Many studies have 
confirmed that dysregulated expression of miRNAs can affect immune regulation, enhance pro-inflammatory signal 
pathways, and cause the overexpression of pro-inflammatory cytokines in RA.14,25–28

MiRNA-146a can serve as a negative feedback factor during the activation of immune responses and therefore may 
participate in autoimmunity.12 MiRNA-146a correlates significantly with erythrocyte sedimentation rate (ESR) and 
C-reactive protein (CRP) values and functions to suppress T-regulatory cells.29,30 Furthermore, miRNA-146a can target 
TNFR-associated factor 6 (TRAF6), IL-1R-associated kinase 1 (IRAK1) and IRAK2, which are associated with 
regulation of the TNF-α signal pathway.31

The expression of miRNA-146a is significantly increased in the peripheral blood mononuclear cells and synovial fluid of 
RA patients compared with healthy and disease controls.16 Moreover, its level is positively associated with RA disease activity 
and TNF-α level.32,33 Multiple studies have also examined the association of miRNA-146a polymorphism rs2910164 with 
RA,11–17 and some of these studies have suggested that miRNA-146a polymorphism rs2910164 may be involved in the 

Figure 4 ROC curves of miRNA-146a, miRNA-233 and their combination in synovial tissues for predicting RA. 
Abbreviations: ROC, receiver operating characteristic; RA, rheumatoid arthritis.
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initiation and progression of RA. MiRNA-146a can halt excess inflammation via a negative feedback mechanism in RA.34,35 

Although the expression of miRNA-146a is up-regulated in RA, it can not function properly, resulting in prolonged production 
of TNF-α.29 In our study, the expression level of miRNA-146a was significantly elevated in synovial tissues and serums of RA 
patients compared with controls, which is consistent with previous studies. Furthermore, multivariate analysis showed that the 
elevated expression level of miRNA-146a was independently associated with RA.

MiRNA-223 is significantly overexpressed in myeloid cells, including in macrophages and neutrophils,36 and has 
a critical role in the proliferation and differentiation of myeloid cells.37 The expression of miRNA-223 is significantly 
upregulated in synovial fluid, fibroblast-like synoviocytes and naive CD4+T lymphocytes of RA patients compared with 
healthy and disease (osteoarthritis) controls.18–20 Osteoclasts are associated with bone matrix erosion in the joints of RA 
patients. The irreversible bone damage can lead to severe pain and joint stiffness.

The up-regulation of miRNA-223 expression inhibits nuclear factor 1A (NF-1A), which up-regulates the expression of 
macrophage colony stimulating factor receptor (M-CSFR), an important modulator for osteoclast function and 
differentiation.37 In summary, miRNA-223 is implicated in osteoclastogenesis through its up-regulation in RA patients, 
which contributes to erosive disease. Li et al demonstrated that the expression of miR-223 was significantly up-regulated in the 
ankle joints of mice with collagen-induced arthritis (CIA) and in the synovium of RA patients compared with normal mice and 
OA patients.38 The mice with CIA showed the reduced miR-223 expression, histologic score, arthritis score, osteoclastogen-
esis and bone erosion after treated by lentiviral vectors expressing miR-223T (LVmiR-223T). This study demonstrated that 
lentivirus-mediated silencing of miR-223 could alleviate disease severity of experimental arthritis and suggested that inhibition 
of miR-223 activity might be a novel therapeutic target for RA. Our study also demonstrated that the expression level of 
miRNA-223 was significantly elevated in synovial tissues and serums of RA patients compared with controls. Furthermore, 
multivariate analysis showed that the elevated expression level of miRNA-223 was independently associated with RA.

Figure 5 ROC curves of miRNA-146a, miRNA-233 and their combination in serums for predicting RA. 
Abbreviations: ROC, receiver operating characteristic; RA, rheumatoid arthritis.
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In order to diagnose RA more accurately, we evaluated the values of miRNA-146a and miRNA-223 for diagnosing RA. 
ROC curves demonstrated that the predictive values of miRNA-146a and miRNA-223 in both synovial tissues and serums for 
diagnosing RA were moderate with AUCs of 0.766–0.788. We further evaluated the values of the combination of miRNA- 
146a and miRNA-223 in synovial tissues and serums for diagnosing RA, which demonstrated higher predictive values with 
AUCs of 0.910 and 0.904. Therefore, the combination of miRNA-146a and miRNA-223 could be applied in diagnosis of RA.

The limitations of this study mainly included two aspects. The first was a small sample size of RA patients, and the 
other was no further investigation on the mechanisms by which miRNA-146a and miRNA-223 caused RA. In the next, 
we will further investigate the pathogenesis of RA associated with miRNA-146a and miRNA-223.

Conclusion
MiRNA-146a and miRNA-223 in both synovial tissues and serums could be applied in predicting RA with moderate 
values, and their combination could elevate the predictive value significantly demonstrating a great potential for clinical 
application. In the next, experiments need to be performed to investigate their functions and explore the feasibility of 
serving as therapeutic targets.
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