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Abstract

Background
Rheumatoid arthritis (RA) is a chronic systematic autoimmune disorder that is characterized by symmetrical and in�ammatory destruction of distal joints.
Dysregulation of microRNAs(miRNAs) are frequently involved in in�ammation, and can contribute to pathogenesis and progression of RA. This study aimed to
investigate the expression of multiple in�ammation-related miRNAs of RA patients and the latent mechanism, and identify novel diagnostic biomarkers.

Methods
Samples of 100 patients with RA and 72 healthy controls were included. The expression of predicted in�ammation-related miRNAs, including miR-16, miR-17,
miR-132, miR-140, miR-150, miR-181, miR-200-c, miR-203, miR-223 and miR-485-5p and RA associated genes, including IL-17, IL-18, DAS-28, MMP3, TLR-4,
IRAK-4 in plasma and peripheral blood mononuclear cells (PBMCs) of RA patients compared with healthy controls (HC), were detected by qRT-PCR and ELISA.
The interaction between miR-485-5p and TLR-4 or IRAK-4 was veri�ed through dual luciferase report assays, western-blot and correlation analysis. The
potential of miR-485-5p to be a biomarker for RA diagnostics was valued by ROC curves.

Results
Among the differentially expressed miRNAs, the expression of miR-485-5p exhibited signi�cantly lower in plasma and PBMCs of the RA patients and was well
relevant in the various body �uid samples. The expression of miR-485-5p was negatively correlated with the expression of DAS-28, IL-17, IL-18 and MMP-3,
which are signi�cant features of RA. Moreover, the ROC curve of plasma and PBMC miR-485-5p for RA revealed a high diagnostic accuracy. Furthermore, miR-
485-5p could inhibit the expression of in�ammatory cytokines in macrophages by targeting TLR4 and IRAK4, and the expression of miR-485-5p negatively
correlated with the level of TLR4 and IRAK4 in the plasma of RA.

Conclusion
Collectively, our results indicated that down-expression of miR-485-5p was remarkably related to the deterioration of RA progression via the impact on
in�ammatory cytokines in macrophages, and may serve as a potential diagnostic biomarker and therapeutic target for RA.

Introduction
Rheumatoid arthritis (RA) is the most common type of in�ammatory arthritis with the characteristics of persistent synovitis, systemic in�ammation, pain and
impaired mobility, affecting approximately 1-3% of the general population(Scott et al. 2010; Smolen et al. 2016). Genetic and environmental factors are
involved in the complex pathogenesis of RA. Numerous evidences proved that in�ammation and immunological disorders signi�cantly contribute to
development of RA. Proin�ammatory cytokines, such as tumor necrosis factor-α (TNF-α), IL-17 and IL-18, have been assigned pivotal roles in the destruction
of the joint architecture in patients with RA (Blüml et al. 2014; Furst et al. 2014). And it has been recognized that epigenetic regulation of critical in�ammatory
factors may be critical but poorly understood in mechanism of RA progression(Salvi et al. 2019).

MicroRNAs (miRNAs) are endogenous small non-coding and evolutionarily conserved single-stranded RNAs (approximately 22 nucleotides) and function
predominantly as negative regulators for the expression of target genes by repressing translation or through direct cleavage of mRNA(Lu et al. 2018). In
general, miRNAs constitute about 1–2% of the whole genome and potentially regulate about 30% of all protein-encoding genes(Kabekkodu et al. 2018)
.Accumulated evidences proved that miRNAs participated in important cellular processes such as lipid metabolism, differentiation, metabolism, apoptosis,
organ development and in�ammatory response of immune and non-immune cells(Pers et al. 2013; Rupaimoole et al. 2017; Juźwik et al. 2019). They were
also involved in the pathogenesis of various diseases such as cancer, psychiatric and neurological diseases, cardiovascular disease and autoimmune
diseases, including RA(Ospelt et al. 2017). MiR-16, miR-21, miR-125b, miR-146a and miR-155 in plasma; miR-24, miR-132, miR-146, miR-150 and miR-155 in
PBMCs; or miR-16, miR-155 and miR-223 in synovial �uid of RA patients are upregulated, while miR-23b, miR-30a and miRNA-495 are downregulated in
RA(Pauley et al. 2008; Zhu et al. 2012; Filková et al. 2014; Fang et al. 2020; Lv et al. 2021). Dysregulation of miRNAs are closely related to in�ammatory
pathways, proin�ammatory cytokines expression and other processes involved in RA(Evangelatos et al. 2019). In addition, miRNAs in circulations are well-
protected from endogenous RNase activity and exhibit high stability in the cell free �uids, making them novel candidate biomarkers for diagnosis and
prognosis of diseases(Backes et al. 2016). As a result, identifying in�ammation related miRNAs in the circulation of RA patients and analyzing the roles of
these miRNAs in in�ammatory reaction may provide new sight into the mechanism of RA development, as well as diagnostic and therapeutic strategy for RA.

In the present study, we investigated the expression of several in�ammation-related miRNAs in plasma and PBMCs of RA patients, and the correlation between
miRNAs and disease activities of RA. Additionally, the impact of miR-485-5p, one of the differentially expressed in�ammation-related miRNAs, on the
expression of in�ammatory cytokines in macrophages and the molecular mechanism were also analyzed. Collectively, the results indicated the critical roles of
miR-485-5p serving as an effector on the expression of in�ammatory cytokines in macrophages and RA, and implicate the potential application of miR-485-5p
in RA diagnosis.
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172 subjects including100 RA patients (RA) and 72 healthy controls (HC) were recruited from General Hospital of Ningxia Medical University. Clinical features
of the participants were shown in table 1. RA group were diagnosed according to the criteria of the American College of Rheumatology, and HC group were
through the same period health examination and without a history of knee surgery, or keen degeneration disease a, or in�ammatory diseases. The selected
subjects were excluded from other autoimmune diseases and major organ system disease. Both plasma and PBMCs were obtained from the two groups
patients. This study was approved by the General Hospital of Ningxia Medical University Ethics Committee and is in compliance with the Helsinki Declaration.
Informed consent was obtained from the patients.

Preparation of plasma and PBMC

Blood samples (5 ml) were collected with ethylene diamine tetraacetic acid (EDTA-2K) containing tube, and plasma was separated by centrifugation at 1600 g
for 10 min at room temperature followed by centrifugation at 16,000 g for 10 min at 4°C to remove all cell debris. The plasma supernatant was collected and
stored at -80°C until further analysis. PBMC were isolated from peripheral blood using Ficoll-HyPaque Solarbio life science, Beijing, China , as previously
described(Pham et al. 2008). Brie�y, blood was collected into 10 mL tubes containing heparin as anticoagulant. Immediately after collection, the cells were
separated from whole blood by centrifugation on a Ficoll-Hypaque density gradient. The PBMC were recovered and washed three times with 1mL RPMI culture
medium, and adjusted to a �nal concentration of 1 × 107 cells/mL. The PBMC pellet was stored at -80ºC until further analysis. 

RNA isolation, reverse transcription and quantitative PCR

RNA was isolated using RNAiso Plus isolation kit (TaKaRa, Dalian, China) according to manufacturer`s protocol. Nanodrop 2000(Thermo Fisher Scienti�c, CA,
USA) was used to assess the concentration and puri�cation of RNA. Reverse transcription was performed using Revert aid �rst strand cDNA sythesis kit
(Thermo Scienti�c, CA, USA) with the corresponding primers (42℃ for 15 min, 70℃ for 5 min). For constructing cDNA standard curves of miRNAs and U6, the
target sequences were ampli�ed using 2×Ecotap PCR SuperMix (TransGen Biotech Co., Ltd., Beijing, China) with speci�c primers under the following
conditions:and cloned into pEASY-T1 Cloning vector (TransGen Biotech Co., Ltd., Beijing, China), the concentrations of plasmid were detected using Nanodrop
2000(Thermo Fisher Scienti�c, CA, USA), then the plasmids were diluted in series by ten times to 10-8 and �nally the standard curve was obtained by
determining the corresponding threshold cycle (Ct), respectively. For detecting the expression of miRNAs, qRT-PCR was performed using SYBR select master
mix (ABI, Carlsbad, CA, USA) on ABI StepOnePlus qPCR system (ABI, Carlsbad, CA, USA) under the following conditions: 95℃ for 5 min followed by 40 cycles
consisting of 95℃ for 5 sec, 62℃ for 30 sec and 72 ℃ for 30 sec. The experiment was repeated three times. The copy numbers of experimental RNAs were
calculated after real-time ampli�cation from the linear regression of that standard curve. The relative expression of miRNAs was calculated using
2 ‐∆∆Ct method and U6 snRNA was used for normalization. The primers speci�c for the target genes were designed using bioinformatics tools, synthesized in
Sangon Biotech Inc. (Shanghai, China).

Primer sequences were as follows: for miR-16, 5-TAGCAGCACGT ∀ATA ⊤ - 3; for miR-17, 5-C∀AGTGC ⊤ ACAGTGCA - 3; for miR-132, 5
-T ∀CAGTCTACAGℂATG - 3; for miR-140, 5-AGTGG ⊤ ⊤ AℂCTATG - 3; for miR-150, 5-TCTℂC∀ℂC ⊤ GTAℂ - 3; for miR-181a, 5
- ∀CA ⊤ C∀CGCTGTCGG - 3; for miR-200c, 5-T ∀TACTGℂGGGT ∀TG - 3; for miR-203, 5-TG ∀ATG ⊤ TAGGAℂA - 3; for miR-223, 5
-TGTCAG ⊤ TGTC∀ATAC - 3; for miR-485-5p, 5-AGAGGCTGGℂGTGAT - 3; the universal antisense primer, 5-CTC∀CTGGTGTCGTGGA - 3; for U6,
sense 5-CTCGC ⊤ CGGCAGCACA - 3, antisense 5-CGC ⊤ CACG ∀ ⊤ TGCGT - 3.

Cells and cell culture

Murine macrophage cell line (RAW264.7) and human embryonic cell line (HEK-293T) were purchased from the Institute of Biochemistry and Cell Biology
(Chinese Academy of Sciences, Shanghai, China). Cells were collected and cultivated at 37℃ with 5% CO2 in DMEM high glucose medium supplemented with
10% fetal bovine serum (FBS), 100 U/mL penicillin and 100 μg/mL streptomycin (GIBCO, Invitrogen, USA).

Cell transfection

RAW264.7 cells were transiently transfected with 50 nM miR-485-5p control or miR-485-5p mimic (GenePharma, Shanghai, China); 50 nM control or miR-485-
5p inhibitor (GenePharma, Shanghai, China), using Lipofectamine 2000 (Invitrogen, USA) according to the manufacturer`s instructions.

Plasmid construction and dual luciferase reporter assay

To validate the targeting role of miR-485-5p to TLR4 and IRAK4, the wild-type of TLR4 and IRAK-4 3
UTRs, whichconta ∈ theb ∈ d ∈ ge ≤ mentsofmiR - 485 - 5p, wereobta ∈ edbyPCR. Thentheμtant3UTRs of TLR-4 and IRAK-4 were obtained by
site-directed mutagenesis. The primers used during the study were as follows: wild-type TLR-4 3UTR(F or ward, 5-CCCAAGCTTCACTGCCAGGAGAACTA-3
; Reverse, 5-CGGACTAGTTCATAACGGCTACACCA-3), μtantTLR - 43UTR (Forward, 5-ℂC∀GC ⊤ CACTGℂAGGAG ∀CTA - 3; Reverse, 5
-CGGACTAGTGCGAℂAGATG ∀CA ⊤ - 3), wild-type IRAK-4 3UTR(F or ward, 5-CCCAAGCTTTTACTTATTGCCTGTACC-3; Reverse, 5-
CGGACTAGTATAGTTAGCCCGTTTTG-3), μtantIRAK - 43UTR (Forward, 5-ℂC∀GC ⊤ CACTGℂAGGAG ∀CTA - 3; Reverse, 5
-CGGACTAGTGCGACGTGGT ∀ ⊤ TAT - 3). These above-mentioned wild-type or mutated 3`UTR fragments were then subcloned into pMIR-Report vector
(Promega, Madison, WI, USA). 

HEK-293T cells were plated into 96-well plates and co-transfected with 120ng of either pMIR-TLR4-WT/ TLR4-Mut/ IRAK4-WT / IRAK4-Mut, 3 pmol miR-485-5p
mimic, inhibitor, nc the control comparing with mimic or inhibitor  and 80ng PRL-TK internal-plasmid using Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA). The relative luciferase activity at 48 h post-transfection was determined by the Dual-Luciferase Reporter Assay System (Promega, Madison, WI, USA)
following the manufacturer`s protocol. Transfections were done in triplicate and repeated at least thrice in independent experiments.
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Western-Blot Analysis

After extensively washing, cells were lysed using Whole Cell Lysis Assay and proteins were harvested according to the protocol (KeyGen Biotech Inc., Nanjing,
China). Protein concentrations was determined by the BCA Assay kit ((KeyGen Biotech Inc., Nanjing, China). Total protein of each lysate was then separated by
SDS-PAGE and subsequently transferred onto PVDF membranes (Millipore, MA, USA). Afterwards, the membranes were blocked with 5% non-fat milk in TBST
at room temperature for 1 h, followed by incubated with antibodies against TLR4 (1:2,000, cat. no. 14358, Cell

Signaling Technology, Inc), or IRAK4 (1:2000, cat. no. 4363, cell Signaling Technoloy, Inc), or GAPDH (1:2,000, ab8245, Abcam) overnight at 4 ℃. After
washing with TBST, membranes were striped with appropriate HRP-conjugated secondary antibodies for 1h at room temperature, followed by visualized using
the Luminol reagent (Thermo Fisher Scienti�c, Carlsbad, CA, USA). Eventually, bands were imaged and densitometric analyzed by a chemiluminescence
detection system (Bio-Rad, USA). 

Enzyme linked immunosorbent assay (ELISA)

The levels of IL-17, IL-18, DAS-28, MMP3, TLR-4, IRAK-4 in the peripheral blood and PBMC cells of patients and were detected using ELISA kits (Bangyi Biotech,
Shanghai, China) according to the manufacturer`s protocol.

Bioinformatics analysis

MiRWalk (http://mirwalk.umm.uni-heidelberg.de/),miRanda (http://www.microRNA.org), TargetScan (http://www.targetscan.org) and DIANA LAB
(http://83.212.96.7/DianaToolsNew/index.php?r=mirpath) were used to predict and select miRNAs associated with in�ammation, and the predicted
relationship were analyzed by Cytoscape.

Statistical analysis

Data were presented as the mean ± standard deviation. Statistical analyses were performed using SPSS 17.0 (IBM, CA, USA). Differences between two groups
were analyzed with Student`s t-test. Differences among three groups were analyzed with Analysis of One-way ANOVA. Correlations with miRNA concentrations
and other clinical factors were analyzed with Pearson product-moment correlation coe�cient. A P- value less than 0.05 was considered statistically
signi�cant.

Results
The differentially expressed miRNAs in plasma and PBMC of RA and HC

Undoubtedly, the in�ammatory factors are main effectors in the development of RA, and many reports indicated miRNAs could impress the progression of RA
via targeting these factors(Evangelatos et al. 2019). In order to study the roles of miRNAs associated with these in�ammatory factors in RA, we predicted the
possible miRNAs through bioinformatical analysis, and miR-16, miR-17, miR-132, miR-140, miR-150, miR-181, miR-200c, miR-203, miR-223 and miR-485-5p
were found to may be able to affect the development of RA via regulating the expressions of various in�ammatory factors (Figure 1). To determine whether
miRNAs can be used as diagnostic biomarkers for patients with RA, the expression of miR-16, miR-17, miR-132, miR -140, miR-150, miR-181, miR-200c, miR-
203, miR-223 and miR-485-5p in plasma and PBMC of RA patients and HC were analyzed.

As shown in table 2, in plasma, miR-16, miR-17, miR-140, miR-150, miR-200c, miR-203 and miR-223 of patients with RA were signi�cantly higher than those of
HC, while the miR-485-5p and miR-132 were signi�cant lower in RA than that of HC. In PBMC, only miR-485-5p was signi�cant lower in RA than that of HC,
while other nine of the detected miRNAs increased in RA compared to HC 

Consistently, there were previous reports that showed the levels of miR-16, miR-17, miR-132, miR-140, miR-150, miR-200c, miR-203 and miR-223 were changed
in RA. But there was no report for miR-485-5p associated with RA. Additionally, our results indicated that miR-485-5p decreased both in plasma and PBMC in
RA in comparison with HC, indicating that miR-485-5p maybe a potential diagnostic biomarker for patients with RA and making it become the focus of our
study.

The potential of miR-485-5p of plasma and PBMC as diagnostic markers of RA.

To assess the possibility of miR-485-5p as a biomarker of RA, we investigated the correlation of expression of miR-485-5p and other clinical variables
including 28-joint Disease Activity Score (DAS28), IL-17, IL-18 and metalloproteinase-3 (MMP-3). The results indicated that expression of miR-485-5p in
plasma and PBMC of RA patients remarkably inverse correlated with DAS28 (r = -0.845, p = 0.008, n = 30; r = -0.866, p < 0.001, n = 30; respectively ), IL-17 (r =
-0.667, p < 0.001, n = 30; r = -0.680, p < 0.001, n = 30; respectively ), IL-18 (r = -0.877, p < 0.001, n = 30; r = -0.903, p < 0.001, n = 30; respectively) and MMP-3 ( r =
-0.667, p < 0.001, n = 30; r = -0.683, p < 0.001, n = 30; respectively) (Figure 2).

To determine the diagnostic ability of miR-485-5p of plasma and PBMC for patients with RA, we conducted ROC analysis. MiR-485-5p of plasma at a cut off
value of 319.8 copes/μL could detect individuals with RA at 97% of sensitivity and 97.2% of speci�city. MiR-485-5p of PBMC at a cutoff value of 609.1 copes/
μL could detect individuals with RA at 98% of sensitivity and 97.2% of speci�city. Besides, the area under the ROC curve (AUC) was not less than 0.90,
indicating that the expression of miR-485-5p in plasma and PBMC exhibit high diagnostic capability (Figure 3). 

miR-485-5p suppresses TLR-4 and IRAK-4 by interacting with their 3` UTR
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Given the great potential of miR-485-5p for diagnosis of RA, the latent mechanism was furtherly studied. Firstly, as shown in table 2, miR-485-5p of plasma
and PBMC were signi�cantly down-expressed in RA relative to HC. Then, bioinformatical analysis indicated that it was involved in various pathways affecting
the progression of diseases, including in�ammatory reaction (Figure 4A). Furthermore, prediction by miRWalk, miRDB, miRanda, and Targetscan testi�ed that
TLR-4 and IRAK4 who were important components of in�ammatory pathway were showed to be potential targets of miR-485-5p. 

Sequence alignment indicated that miR-485-5p was matched with 3
UTRofTLR - 4 and IRAK - 4 and f or detect ∈ gtheco ∩ ectionbetweenmiR - 485 - 5p and TLR - 4 and IRAK, thetar ≥ t ∈ gsitewereμtated a

UTR binding sites.

miR-485-5p inhibits the expression of in�ammatory cytokines in macrophages.

TLR4 and IRAK4 are identi�ed as critical signaling molecules of TLRs/ NF-κB pathway and can activate NF-κB pathway to regulate in�ammatory reaction
through accumulating kinds of signaling molecules. To determine the effect of miR-485-5p on the downstream signals of TLR4 and IRAK4, we tested the
expression of IL-6, IL-17, IL-18 and MMP-3 after transfection of miR-485-5p mimics, inhibitor and their comparative controls in macrophage. The results
indicated that overexpression of miR-485-5p signi�cantly decreased the release of IL-6, IL-17, IL-18 and MMP-3 in macrophages, and vice versa (Figure5). 

miR-485-5p negatively correlates with TLR-4 and IRAK-4 in plasma of RA patients.

Then, to determine the correlation between the level of miR-485-5p and TLR-4 or IRAK4 in plasma of RA patients, we detected TLR4 and IRAK4 level in plasma
of RA. The results indicated that the expression of TLR-4 (Figure 6A) and IRAK-4 (Figure 6B) were signi�cantly increased in plasma of RA patient compared to
that of HC. And correlation analysis showed that miR-485-5p in plasma was respectively negatively correlated with TLR-4 (r=-0.937, p<0.001) (Figure 6C) and
IRAK-4 (r=-0.748, p<0.001) (Figure 6D). These data suggested that low expression of miR-485-5p presented a signi�cant negative correlation with high
expression of TLR4 and IRAK4 in patients with RA. These results further indicated that miR-485-5p`s impression on RA is associated with dysregulation of
TLA-4 and IRAK-4 A and provided the basis for studying the probability of miR-485-5p to be a biomarker of RA.

Discussion
MicroRNAs are short, conserved, noncoding RNA molecules participated in fundamental biological process including apoptosis, proliferation, and metabolism
of glucose and lipids by regulating gene expression at transcriptional and translational levels. Besides as regulators of gene expression, miRNAs were recently
noted as predictive biomarkers for various pathological conditions(Liu et al. 2014). MiRNAs are remarkable stable in plasma or other body �uid as they were
protected from endogenous RNase activity(Mitchell et al. 2008). Previous researches indicated that the plasma or synovial �uid miRNAs are stable at room
temperature up to 24 h or -20°C up to seven days and resistant for freeze-thawing from -80°C to room temperature up to several times. These excellent
stabilities enable miRNAs to be the most suitable candidate for disease diagnostic(Murata et al. 2010). Therefore, plasma miRNAs can be diagnostic
biomarkers of various carcinoma, neurodegenerative and in�ammatory diseases(Backes et al. 2016). In this study, we investigated the expression of miRNAs
in plasma and PBMC of patients with RA to determine whether the speci�c miRNAs could be used as biomarker for RA.

Ten miRNAs associated with in�ammatory responses, including miR-16, miR-17, miR-132, miR-140, miR-150, miR-181, miR-200c, miR-203, miR-223 and miR-
485-5p of plasma and PBMC of RA patients and HCs were quanti�ed by RT-PCR. The results indicated that only miR-485-5p was signi�cantly down-regulated,
while other nine miRNAs increased in the patients with RA. Consistent with previous reports, miR-132 was involved in systemic processes as a consequence of
joint in�ammation and correlated inversely with TJC in RA(Nakasa et al. 2008). The miR-200c, associating with regulation of epithelial to mesenchymal
transition (EMT) and metastasis, has been showed to up-regulated in various cancers and was considered to be a valuable biomarker of these malignant
cancers(Mutlu et al. 2016; Byun et al. 2019). MiR-203, with the ability of stimulating the expression of matrix metalloproteinase-1 (MMP-1) and pro-
in�ammatory cytokines, was signi�cant up-regulated in RA when compared to that of HC(Stanczyk et al. 2011). MiR-223 plays an important role in the
differentiation of osteoclasts, which are critical for the joint state in RA patients. Numerous researches indicated that miR-223 was up-regulated within sites of
in�ammation as well as in peripheral circulation in patients with RA(Chen 2014; Taha et al. 2020). Our results also showed the level of miR-223 was
signi�cantly increased in the body �uid of patients with RA in comparison to HC. However, researches have revealed the level of miR-223 did not correlate with
age, DAS28, CRP, ACPAs, or with disease duration, indicating that miR-223 may not be suitable for the diagnostics of RA (Fulci et al. 2010).

MiR-485-5p has been reported to be signi�cantly down-regulated in various human cancers and has potential to be as diagnostic biomarker of these
cancers(Lou et al. 2016; Wang et al. 2018; Wang et al. 2020). Our study �rstly reported that miR-485-5p had distinguishable expression between RA and HC.
The expression of miR-485-5p in plasma and PBMC of patients with RA were remarkable lower than that of HC. The correlation analysis between clinical
variables of RA and the expression of miR-485-5p indicated that miR-485-5p in plasma and PBMC was consistently correlated to DAS28, IL-17, IL-18 and
MMP-3 with a reverse manner. Subsequently, ROC curves were used to estimate the sensitivity and speci�city of miR-485-5p as diagnostic markers for RA. The
AUCs of plasma and PBMC miR-485-5p for RA reached to greater than 0.97, which were high enough for miR-485-5p to be accurate for RA diagnostics.

Recent study showed that miR-485-5p was involved in the TNF-α induced TRADD signaling pathway(Chen et al. 2016). The pro-in�ammatory cytokines, such
as TNF-α and IL-1β induced activation of NF-κB signals play pivotal role in regulating the in�ammatory response in RA(Chen et al. 2016; Friedman et al. 2019;
Jimi et al. 2019). MiR-20a, miR-146a and miR-155 were revealed to inhibit in�ammatory response and reduce MMPs synthesis and joint damage by regulating
NF-κB signaling pathways(Zhou et al. 2015; Xie et al. 2020). TLR4 stimulation in human synovial �broblasts leads to NF-κB activation and cytokines release
and contributes to the pathogenesis of RA(Goh et al. 2012). Meanwhile, the targets of miR-485-5p were predicted and veri�ed in this study, and the results
revealed that TLR4 and IRAK4 were possible targets of miR-485-3p. Overall, miR-485-5p may play roles in the development of RA via targeting TLR4 and IRAK4
and regulating the associated in�ammation responses.
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Conclusion
In conclusion, we revealed the lower expression of miR-485-5p in plasma and PBMC of patients with RA in comparison with HC, and found the decrease of
miR-485-5p was remarkably related to the deterioration of RA progression. Meanwhile, through ROC curve analysis, miR-485-5p was veri�ed that has high
sensitivity and speci�city to be a diagnostic biomarker of RA. In addition, miR-485-5p was found that can regulate in�ammation response by targeting TLR4
and IRAK4. Taken together, miR-485-5p might be as a potential diagnostic biomarker and therapeutic target for RA.
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Table 1: Clinical features of the participants 
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Characteristics RA HC

Number of participants 100 72

Sex, male/female 25/75 28/44

Age, mean (range) 46.6(21 to 75) 41.6(23to 70)

Disease duration (y), (range) 14.5(0.2 to 42) NA

Positive RF, n (%) 79(79.0) NA

Positive ACCP antibody,n (%) 71(71.0) NA

Positive ASO, n (%) 43(43.0) NA

ESR (mm), mean (range) 33.5(2 to 104) NA

CRP (mg/dl), mean (range) 26.2(2.7 to 70.5) NA

IL-17(ng/ml), mean (range) 327.4(238.5 to 443.3) NA

IL-18(ng/ml), mean (range) 167.2(96.2 to 229.9) NA

MMP3 (ng/ml), mean (range) 324.9(238.3 to 427.3) NA

DAS28, mean (range) 4.1(2.3 to 6.7) NA

SJC, mean (range) 2.6(0 to 11) NA

TJC, mean (range) 3.9(0 to 15) NA

VAS, mean (range) 45.9(10 to 85) NA

RF, Rheumatoid factor; ACCP, anti-cyclic citrullinated peptide; ASO, antistreptolysin O test; CRP, C-reactive protein; ESR, erythrocyte sedimentaition ratio; MMP-3,
metalloproteinase-3; DAS28, 28-joint Disease Activity Score; SJC, swollen joint count; TJC, tender joint count; VAS, visual analogue scale of general health; RA,
rheumatoid arthritis; HC, healthy control; NA, not applicable.

Table 2 The expression of miRNAs in plasma and PBMC of RA and HC 

Gene RA HC

Plasma PBMC Plasma PBMC

miR-16 1.44*1010∆ 6.24*1011+ 2.11*109 2.07*1011

miR-17 4.89*103∆ 7.50*103+ 1.54*103 1.88*103

miR-132 215.00# 6.32*102+ 940.30 237.08

miR-140 1.17*1011∆ 3.32*109+ 2.86*1010 2.52*108

miR-150 3.60*105∆ 1.61*104+ 1.61*105 3.80*103

miR-181 2.11*104∆ 626.61+ 5.09*103 235.90

miR-200c 665.92∆ 2.97*104+ 180.45 8.55*103

miR-203 4.86*103∆ 561.49+ 1.61*103 167.58

miR-223 4.33*103∆ 6.76*104+ 2.39*103 2.12*104

miR-485-5p 138.27# 270.16- 617.50 924.60

Note: 

∆ Relative to HC, RA increased expression levels of miRNAs in plasma, p <0.05;

# Relative to HC, RA decreased expression levels of miRNAs in plasma, p <0.05;  

+ Relative to HC, RA increased expression levels of miRNAs in PBMC, p <0.05;

- Relative to HC, RA decreased expression levels of miRNAs in PBMC, p <0.05;

Figures
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Figure 1

miRNAs are involved in in�ammation. (A)miRNAs participates in TLRs/NF-κB mediated immune regulation. (B)miRNAs predicted to be associated with
in�ammatory factors.

Figure 2

Correlation between clinical variables of RA and the expression of miR-485-5p. Negative correlation of DAS28, IL-17, IL-18, MMP-3 with the level of miR-485-5p
in plasma (A) and PBMC (B).
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Figure 3

ROC curve analysis of plasma and PBMC miR-485-5p to differentiate patients with RA from HC. A. ROC plot of plasma miR-485-5p for the diagnosis of RA.
AUC was 0.99. A cutoff value of 319.8 copes/μl diagnosed RA at the sensitivity of 97.0% and the speci�city of 97.2%. B. ROC plot of PBMC miR-485-5p for the
diagnosis of RA. AUC was 0.99. A cutoff value of 609.1 copes/μl diagnosed RA at the sensitivity of 98.0% and the speci�city of 97.2%.

Figure 4
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MiR-485-5p directly regulates the expression TLR-4 and IRAK-4. (A) miR-485-5p is involved in various pathways, including in�ammatory reaction (B, C)
Sequence alignment of miR-485-5p binding sites in the 3UTRofTLR - 4 and IRAK - 4. Mutantswere∫roduced ∈ theconservedb ∈ d ∈ gsitesofthe3
UTR of TLR-4 and IRAK-4. (D, E) Dual Luciferase assay for the interaction between miR-485-5p and 3`UTR of TLR-4 or IRAK-4. (F, G) The impact of miR-485-5p
on the expression of TLR-4 and IRAK-4 in macrophages were determined by Western-blot. Values are MEAN ± SD for at least three independent experiments
performed in triplicate. *p < 0.05, **p < 0.01, ***p < 0.001 vs. control.

Figure 5

MiR-485-5p represses production of IL-6, IL-17, IL-18 and MMP-3. The expression of IL-6(A), IL-17(B), IL-18(C) and MMP-3(D) in macrophages trans-fected with
miR-485-5p mimic or inhibitor were determined by ELISA (*P<0.05, **P<0.01). Values are MEAN ± SD for at least three independent experiments per-formed in
triplicate. *p < 0.05, **p < 0.01, ***p < 0.001 vs. control.
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Figure 6

Correlation of the concentrations of TLR4 and IRAK4 with miR-485-5p in the plasma of RA. Plasma concentrations of TLR-4 (A) and IRAK-4 (B) in RA and HC.
Correlation of plasma miR-485-5p with of TLR4 (C) and IRAK-4 (D) in RA. ***p < 0.001 vs. con-trol.

Processing math: 100%


