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ABSTRACT

Rheumatoid arthritis (RA) is an autoimmune disease marked by chronic inflaimmation and
progressive joint damage. Early diagnosis is crucial, but current methods lack sensitivity. Circulating
microRNAs (miRs), stable in body fluids, have emerged as promising biomarkers. This study aims
to evaluate the plasma expression levels of miR-22-3p, miR-126-3p, and miR-760 in patients with
RA compared to healthy controls, and to assess their potential as diagnostic biomarkers.

Plasma samples from 50 RA patients and 50 healthy individuals were analyzed using
quantitative real-time PCR (qRT-PCR). Correlation of miR expression with disease activity was
evaluated, and their diagnostic value was assessed using receiver operating characteristic (ROC)
curve analysis. Bioinformatics analysis was conducted to explore the various aspects and functions
of the identified miRs.

The plasma levels of miR-22-3p and miR-126-3p were significantly elevated in RA patients
compared to healthy controls. Although miR-760 exhibited an upward trend, the increase did not
reach statistical significance. miR-126-3p was positively associated with disease activity. ROC
analysis showed area under the curve (AUC) of 0.69 for miR-22-3p, 0.72 for miR-126-3p, and 0.61
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for miR-760, with the combined panel improving diagnostic accuracy to an AUC of 0.74.

Furthermore, functional enrichment analysis suggested that these miRs are predominantly involved

in key biological processes, including regulation of gene expression, cell migration, and epigenetic

modifications.

A panel consisting of miR-22-3p, miR-126-3p, and miR-760 may serve as a potential diagnostic
biomarker for RA. Further validation in larger and more diverse populations is warranted.
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic autoimmune
disorder  characterized by symmetrical joint
inflammation, which typically begins in the smaller
joints and gradually involves larger ones. As the disease
advances, it can also impact various organs, including
the skin, eyes, heart, kidneys, and lungs. If left untreated,
joint damage progressively results in bone erosion and
deformities, ultimately leading to severe pain and
substantial disability for the patient.! RA affects
between 0.5% and 1% of adults worldwide, with women
being two to three times more likely to develop the
condition than men.? It is among the most prevalent
autoimmune disorders, yet its main origin remains
unclear. It is a highly complex disease influenced by a
combination of genetic, epigenetic, and environmental
factors.> The diagnosis of RA is currently based on the
American College of Rheumatology/European League
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MicroRNAs (miRs) are small, non-coding RNA
molecules that regulate gene expression by binding to
the 3' untranslated region (3'UTR) of target mRNAs,
leading to their degradation or inhibition of translation.
They are critical regulators of various biological
processes, including development, cellular
differentiation, and signal transduction pathways.®
Circulating miRs (c-miRs) are a distinct group of miRs
released into body fluids like blood, plasma, urine, and
saliva. They exist within extracellular vesicles, or are
bound to carrier proteins such as AGO2 or high-density
lipoprotein (HDL), which protect them from enzymatic
degradation and ensure their stability in the extracellular
environment.” Specific c-miR expression patterns can
indicate the presence of early-stage diseases, track the
progression of more advanced stages, predict disease
outcomes, and provide insights into resistance to
therapies. As a result, this group of miRs has been
extensively investigated as non-invasive diagnostic
biomarkers across a wide range of diseases.® RA is no
exception to this line of research, as numerous c-miRs
have been studied for their potential as biomarkers,
particularly in plasma and serum samples: These c-miRs
have been proposed as promising candidates for both
diagnosing RA and evaluating the disease activity.’

Following a comprehensive review of the literature,
this study selected miR-22-3p, miR-126-3p, and miR-
760 as candidate c<miRs for further evaluation in
patients with RA. Although these miRs have been
proposed as potential diagnostic biomarkers, their
reproducibility and. clinical relevance have not been
sufficiently validated across diverse populations.
Furthermore, the inconsistency between their expression
profiles in plasma and those reported in. RA-related
tissues highlights a critical knowledge gap. To address
these uncertainties; the present study systematically
evaluated the expression profiles and potential clinical
relevance of these selected miRs. In this study, we
assessed plasma levels of the mentioned miRs in RA
patients and healthy controls, exploring their
associations with disease activity and, for the first time,
their combined potential as a diagnostic biomarker
panel. Moreover, our bioinformatics analysis examined
multiple aspects of these miRs, including their
conservation, regulatory networks, and potential roles in
biological processes and pathways.

MATERIALS AND METHODS

Candidate miRs Identification

To compile a comprehensive list of miRs, a literature
mining approach was employed. This literature review-
based methodology involved the retrieval of miRs with
potential as noninvasive biomarkers for rheumatoid
arthritis. Relevant studies were identified through
systematic searches of the Web of Science, PubMed, and
Scopus databases, as well as the Google Scholar search
engine from 2010 to 2025, using the following
keywords: "rheumatoid arthritis"; "miRNA", "plasma",
and "serum".

miR-22, miR-126, and miR-760 Conservation
Analysis

The conservation of the Asa-miR-22, hsa-miR-126,
and hsa-miR-760 genes | among vertebrates was
evaluated using the UCSC Genome Browser
(GRCh38/hg38 human genome assembly).!%!!

miR-22, miR-126, and miR-760 Characterization

To characterize the fundamental features of the
selected miRs (miR-22-3p, miR-126-3p, and miR-760),
we employed the NCBI Gene and Nucleotide databases,
as well as the miRBase database.!> For secondary
structure prediction and localization of mature miR
sequences within their precursors (pre-miRs), the RNA
folding form section of the mfold web server was
utilized.!® In these visualizations, mature miR regions
were highlighted in green, facilitating precise
interpretation of their structural configuration. This
analysis provided a comprehensive understanding of the
spatial organization and secondary structures of the
miRs.

Study Population

This case-control study included 50 RA patients and
50 matched healthy controls. Before sample collection,
all participants completed a questionnaire capturing key
parameters such as height, weight, smoking status, and
dietary habits. This information was subsequently
utilized to identify and select appropriate healthy
controls. RA was diagnosed using ACR/EULAR
criteria, with exclusions for major comorbidities and
recent infection. Clinical and laboratory parameters
(ESR, CRP, RF, anti-CCP, tender joint count [TJC], and
swollen joint count [SJC]) were recorded. The study was
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approved by the Ethics Committee of Tehran University
of Medical Sciences (approval code:
IR.TUMS.IKHC.REC.1402.239), and written informed
consent was obtained from all participants.

Sample Collection and RNA Extraction

Peripheral venous blood (3 mL) was collected from
patients and controls in EDTA tubes. Plasma was
isolated through two-step centrifugation (4000g and
14 000g, 10 minutes each, 4°C) to remove cellular
debris. The isolated plasma was transferred to
RNase/DNase-free microtubes, aliquoted, and stored at
—70°C. From each sample, 300 pL of plasma was used
for total RNA extraction with YTzol reagent (Yekta
Tajhiz Azma, Iran), and RNA concentration and purity
were  assessed using a  NanoDrop 2000
spectrophotometer (Thermo Fisher Scientific, USA).

c¢DNA Synthesis and Quantitative Real-Time PCR
(qQRT-PCR)

cDNA synthesis was performed using a commercial
reverse transcription kit (Karmania Pars Gene, Iran)
containing a single-tube master mix without primers. A
total of 3.5 puL of extracted RNA was-mixed with 7 pL
of ¢cDNA master mix and 0.5 yL of stem-loop RT
primer. The reaction was run in a thermocycler (Applied
Biosystems, USA) at 25°C for 10 minutes, 45°C for 60
minutes, and 95°C for 5 minutes. 1 puL of synthesized
cDNA was used for real-time PCR, with the remainder
stored at —=70°C. qRT-PCR was performed using SYBR
Green qPCR Master Mix 2X (Yekta Tajhiz Azma, Iran)
on a LightCycler 96 system (Roche, Germany). Each 12
pL reaction contained 1-uL cDNA, 0.5 pL forward
primet, 0.5 pL reverse primer, 4 puL distilled water, and
6 pL SYBR Green Master Mix. Primer sequences are
listed in SupplementaryTable 1.

Cycling conditions were 95°C for 900 seconds,
followed by 42 cycles of 95°C for 20 seconds, 58°C for
20 seconds (60°C for miR-760), and 72°C for 45
seconds. Primer amplification efficiency was
determined via a standard curve generated from a 10-
fold serial dilution (1 to 107#) of pooled cDNA for each
target. The efficiency (E) was calculated using the
formula E=10""s"r¢, For additional confirmation, raw
fluorescence data from all samples were analyzed with
LinRegPCR software. Specificity and product integrity
were verified by melting curve analysis and 2.5%
agarose gel electrophoresis. Relative expression was
calculated using the 2744t method with U6 as a control.
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LncRNA/Pseudogene/CircRNA-miR-mRNA
Regulatory Networks

To investigate the regulatory roles of miR-22, miR-
126, and miR-760, a Competing Endogenous RNA
(ceRNA) network was systematically constructed.
Experimentally validated target mRNAs were identified
using the multiMIR package, incorporating data from
the miRTarBase database.'* Data analysis was carried
out using the R programming software (version R-4.2.1,
64-bit)!> in combination with RStudio Desktop (version
2022.07.0 Build/548).!® We obtained the corresponding
miR-targeting LncRNAs/Pseudogenes/CircRNAs from
the StarBase v.2.0 database.!” Ultimately, the Cytoscape
software (version 3.9.1)!8 was employed to construct the
LncRNA/Pseudogene/CircRNA-miR-mRNA  ceRNA
axis, with the aid of the CytoHubba app'® to identify
central nodes within the network.

Functional Enrichment Analysis

To investigate the potential biological functions of
the final set of protein-coding genes directly targeted by
miRs, we performed enrichment analyses on the
corresponding mRNAs (the full list of mRNA identifiers
is. provided in Supplementary Material 1). Gene
Ontology (GO) enrichment analysis was conducted
across 3 categories: cellular component (CC), molecular
function (MF), and biological process (BP).
Additionally, pathway enrichment analyses were
conducted using curated databases including the Kyoto
Encyclopedia of Genes and Genomes (KEGQ),
WikiPathways, and Reactome. All enrichment analyses
were performed using the Enrichr tool?® and visualized
with ggplot2 in R.2! Only terms with adjusted p<0.05
were discussed in the results.

Statistical Analysis

Descriptive statistics (mean+ SD) were used to
summarize data. Normality was tested using
Kolmogorov-Smirnov ~ and  Shapiro-Wilk  tests.
Depending on the distribution, parametric (¢ test,
ANOVA) or nonparametric (Mann-Whitney, Kruskal-
Wallis) tests were applied. Correlations were assessed
using Pearson or Spearman methods. Receiver operating
characteristic (ROC) curve analysis was conducted to
evaluate the diagnostic performance of individual miRs
and to determine optimal cutoff values. A combined
multi-miR diagnostic panel was constructed using
multivariable logistic regression analysis, with disease
status (rheumatoid arthritis vs control) as the dependent
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variable and the expression levels of miR-22-3p, miR-
126-3p, and miR-760 (—ACt values) as independent
variables. Regression coefficients and the intercept were
obtained from the logistic regression model. For each
subject, a composite diagnostic score was calculated
according to the logistic regression equation:

Logit(P) = B0 + p1(miR-22-3p) + f2(miR-126-3p) +
B3(miR-760)

The predicted probability
[P=exp(Logit(P))/(1+exp(Logit(P)))] was subsequently
used as the test variable for ROC curve analysis of the
combined miR panel.

RESULTS

Candidate miRs Identification

A list of 22 candidate miRs suitable for our study was
identified through comprehensive literature mining
using multiple online databases and search platforms
(Supplementary Material 2). Among these, the
circulating forms of miR-22-3p, miR-126-3p, and miR-
760 were selected for further analysis due to the need for
additional validation of their reported reproducibility
across diverse populations, especially.in-lranian people.
Furthermore, discrepancies between their expression
profiles in plasma samples and those observed in RA-
associated tissues highlight the need for further
investigation to elucidate their biomarker potential.

miR-22, miR-126, and miR-760 Conservation
Analysis

Comparative genomic analysis revealed that miR-22
and miR-126 exhibit a high degree of evolutionary
conservation across vertebrate species, whereas miR-
760 displays comparatively lower conservation levels.
Notably, all three miRs are highly conserved in specific
vertebrates, including humans, rhesus macaques, dogs,
elephants, and mice, suggesting their potential
significance in fundamental physiological processes
across these species (Figure 1).

miR-22, miR-126, and miR-760 Characterization
Using the mfold Web Server, the optimal secondary
structures of the pre-miRs for miR-22, miR-126, and
miR-760 were predicted based on calculations of their
minimum free energy (MFE) values. Furthermore, the
specific regions within each precursor from which the
corresponding mature miRs are derived are indicated
within the predicted secondary structures (Figure 2).

Table 1 summarizes the characteristics of the
analyzed miRs.

Demographic and Clinical Characteristics of the
Participants

Table 2 summarizes the demographic and clinical
characteristics of 50 RA patients and 50 age- and sex-
matched healthy controls. Both groups had a mean age
of approximately 50 years (RA: 50.04 £ 10.7; controls:
50.14 + 10.6) and identical sex distribution (15 males, 35
females). The mean disease duration among RA patients
was 8.9+7.4 ‘years. Inflammatory markers were
elevated «((CRP: 31.44+29 mg/dL; ESR: 31.1+159
mm/h). Anti-CCP and RF positivity were observed in
66% ‘and 74% of patients, respectively. The mean
DAS28 was 4.2+1.5, with varying 'disease activity
levels.

miR-22-3p, miR-126-3p, and miR-760 Differential
Expression

Plasma expression levels of miR-22-3p and miR-
126-3p were significantly elevated in patients with RA
compared to healthy controls, with fold changes of 2.3
and 2.4, respectively (p=0.0006 and p<0.0001,
respectively). Although miR-760 exhibited an upward
trend in RA patients, the difference did not reach
statistical significance (p=0.1) (Figure 3A).

miR-22-3p, miR-126-3p, and miR-760 Expression
Differences According to RF, Anti-CCP, and DAS28

No significant differences in miR expression were
found between RF-positive and RF-negative patients.
However, miR-22-3p and miR-126-3p were
significantly upregulated in RF-positive patients
compared to healthy controls (p=0.0005 and p<0.0001,
respectively) (Figure 3B).

No significant differences were observed between
anti-CCP-positive and anti-CCP-negative patients.
However, miR-22-3p and miR-126-3p were
significantly elevated in anti-CCP-positive (p=0.009 and
p=0.005, respectively) and anti-CCP-negative patients
(»=0.001 and p<0.0001, respectively) compared to
healthy controls. In contrast, miR-760 showed no
significant differences across any RF or anti-CCP
subgroups (Figure 3C).
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Figure 2. Predicted optimal secondary structures of the stem-loop pre-miRs for A. miR-22 (AG=-39.8 kcal/mol), B. miR-126
(AG=-39.6 kcal/mol), and C. miR-760 (AG=—41.6 kcal/mol). The regions highlighted in green represent the locations from
which the mature miRs are derived within each precursor structure.
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Table 1. Basic details of the miR-22, miR-126, and miR-760.

Pre-miRs miRBase Genomic position, Minimum Mature miRs Mature miR sequence, nt
accession nt free energy,
number kCal/moL
hsa-miR-22 MI0000078  chrl7: 1713903- -39.8 hsa-miR-22-3p AAGCUGCCAGUUGAAGAACUGU
1713987 [-] (85)
hsa-miR-22-5p AGUUCUUCAGUGGCAAGCUUUA
hsa-miR-126 MI0000471  chr9: 136670602- -39.6 hsa-miR-126-3p  UCGUACCGUGAGUAAUAAUGCG
136670686 [+] (85)
hsa-miR-126-5p CAUUAUUACUUUUGGUACGCG
hsa-miR-760 MI0005567  chrl: 93846832- —41.6 hsa-miR-760 CGGCUCUGGGUCUGUGGGGA (20)

93846911 [+] (80)

miR: microRNA; nt: nucleotide

Table 2. Participants’ demographics and clinical data.

Variables

Controls (n=50)

Patients (n=50)

Sex, male/female

Age, mean=SD, y

Disease duration, mean# SD, y
CRP, mean + SD, mg/dL
ESR, mean £ SD, mm/h
Anti-CCP positive, No. (%)
RF positive, No. (%)

TJC, mean £ SD

SJC, mean + SD

DAS28, mean + SD
Remission, No. (%)

Low activity, No. (%)
Moderate activity, No. (%)

High activity, No. (%)

15/35
50.14+10.6
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA

15/35
50.04+10.7
8.9+7.4
314429
31.1+15.9
33 (66)

37 (74)
9.4+9.6
62+7.1
42415
7(14)

11 (22)

13 (26)

19 (38)

anti-CCP: anti-cyclic citrullinated peptide; CRP: C-reactive protein; DAS28: Disease Activity Score 28; ESR: erythrocyte

sedimentation rate; NA: not available; RF: rheumatoid factor; SD: standard deviation; SJC: swollen joint count; TJC: tender joint

count.
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Figure 3. Differential expression of miR-22-3p, miR-126-3p, and miR-760 in plasma samples. A. Relative expression levels of
the indicated miRs in patients with RA compared to healthy controls. B. Comparative expression profiles of the miRs in RA
patients stratified by RF status versus healthy controls. C. Comparative expression profiles of the miRs in RA patients stratified

by anti-CCP antibody status versus healthy controls. ns: not significant.

According to DAS28-based classification (Table 3),
miR-22-3p expression was significantly higher in
patients with high disease activity compared to healthy
controls (p=0.0005). miR-126-3p levels were elevated
in both high (»p<0.0001) and moderate (p=0.008) activity
groups versus controls, and were significantly higher in
patients with high activity compared to those with low
activity (p=0.02) and remission (p=0.02) (Figure 4).

8/ Iran J Allergy Asthma Immunol,

miR-22-3p, miR-126-3p, and miR-760 Expression
Correlation with DAS28 and Other Clinical
Characteristics

Correlation analysis indicated that miR-22-3p was
positively and significantly associated exclusively with
CRP levels. miR-126-3p exhibited significant positive
correlations with DAS28, ESR, and CRP. Conversely,
miR-760 demonstrated a significant positive correlation
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solely with ESR. The corresponding correlation the curve (AUC) values for each miR were calculated,

coefficients (r-values) and p are provided in Figure 5. with optimal cutoffs determined using the Youden

index. Diagnostic metrics for individual miRs are

miR-22-3p, miR-126-3p, and miR-760 Diagnostic presented in Table 4. The combined analysis of all three

Potential in RA Patients miRs as a biomarker panel showed the highest

ROC curve analysis was performed to assess the diagnostic accuracy, achieving an AUC of 0.74
diagnostic potential of the studied miRs. The area under (»<0.0001) (Figure 6).

Table 3. Relative expression of miRs according to DAS28 score.

Disease activity (DAS28) miR-22-3p, mean + SD miR-126-3p, mean + SD miR-760, mean + SD
Remission (<2.6) 4.5£2.0 9.0£1.2 5.6£1.5
Low activity (2.6-3.2) 4.8+1.4 8.8+1.3 5.3+1.4
Moderate activity (3.2-5.1) 4.8+1.3 8.1£1.1 5.240.8
High activity (>5.1) 3.9+1.3 7.5+1.1 4.9+1.7

DAS28: Disease Activity Score 28; miR: microRNA; SD: standard deviation.
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Figure 4. miR-22-3p, miR-126-3p, and miR-760 expression differences according to DAS28.

Table 4. Diagnostic value of miRs.

miR AUC Sensitivity Specificity )4
miR-22-3p 0.69 0.52 0.82 0.0008
miR-126-3p 0.72 0.82 0.58 0.0001
miR-760 0.61 0.76 0.56 0.04

AUC: area under the curve; miR: microRNA.
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Absolute Risk Calculation Based on miR-22-3p,
miR-126-3p, and miR-760 Differential Expression
Absolute risk was calculated for each miR using the
formula proposed by Zamani et al, which estimates
predicted positive (PPV) and negative (NPV) values
based on disease prevalence.”? Based on a study by
Davatchi et al, an RA prevalence of 0.37% in Iran was
applied,” and a cut-off derived from the mean
expression of miR levels was used to classify samples

as positive or negative. The resulting PPV and NPV
values for each miR are presented in Table 5. Given the
low prevalence of the disease in the studied population,
low PPV values are expected. In contrast, the high NPV
values indicate that changes in the expression of these
miRs, in combination with other diagnostic approaches,
may be useful for ruling out the disease in healthy
individuals.

Table 5. Positive and negative predicted values based on miR expression.

miR Negative predicted values (NPV) Positive predicted values (PPV)
miR-22-3p 0.997 0.006
miR-126-3p 0.998 0.007
miR-760 0.997 0.006

miR: microRNA; NPV: negative predicted value; PPV: positive predicted value.

LncRNA/Pseudogene/CircRNA-miR-mRNA
Regulatory Networks

Based on the maximal clique centrality (MCC)
algorithm, the top 10 regulatory molecules were
identified within the miR-centered interaction network.
Among these, hsa-miR-22-3p, hsa-miR-126-3p, and
hsa-miR-760 achieved the highest: MCC /scores,
suggesting their prominent centrality and potential
regulatory significance within the networks. These
results are illustrated in Figure 7 and summarized. in
Table 6.

Functional Enrichment Analysis

To gain a deeper understanding of the molecular
mechanisms  underlying the protein-coding genes
directly targeted by miRs, we performed comprehensive
Gene Ontology (GO) enrichment analyses for each miR-
targeted gene set. For the miR-22-3p-targeted gene set,
significant enrichment was, observed in biological
processes such as regulation of gene expression and
negative regulation of DNA-templated transcription.
Furthermore, this gene set was highly associated with
molecular functions, including kinase binding and RNA
polymerase II-specific DNA-binding transcription
factor binding. In terms of cellular component

distribution, the majority of these genes were localized
to the nucleus .and intracellular membrane-bounded
organelles. Pathway enrichment analysis using KEGG,
WikiPathways, and Reactome databases revealed the
top 10 enriched pathways, which included signal
transduction, cellular responses to stimuli, gene
expression (transcription), pathways in cancer, and
cellular senescence (Figure 8).

The miR-126-3p-targeted gene set showed
significant enrichment in biological processes such as
positive regulation of cell migration and positive
regulation of small molecule metabolic process.
Enriched molecular functions included phosphotyrosine
residue binding, receptor tyrosine kinase binding, and
protein phosphorylated amino acid binding. These genes
were predominantly localized in the
phosphatidylinositol 3-kinase complex, class I, as well
as the nucleus and intracellular membrane-bounded
organelles. The top 10 enriched pathways for this gene
set comprised signaling by interleukins, chemokine
signaling pathway, pathways in cancer, and signal
transduction (Figure 9).
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Table 6. Top 10 nodes within the LncRNA/pseudogene/CircRNA-miR-mRNA interaction network, ranked according to the
MCC algorithm.

Network Rank Node name Score
hsa-miR-22-3p 1 hsa-miR-22-3p 227
2 AC125238.2 1
2 ERBB3 1
2 IPO8P1 1
2 ERBB?2 1
2 HNRNPA1P6 1
2 MAPKI14 1
2 ELPS 1
2 BDNF 1
2 CLPTMIL 1
hsa-miR-126-3p 1 hsa-miR-126-3p 82
2 ADGRES 1
2 CRKL 1
2 GRIN2B 1
2 PIK3R2 1
2 SLC4142 1
2 EZH?2 1
RBMX 1
SIRT1 1
2 KCNJI 1
hsa-miR-760 1 hsa-miR-760 227
2 INAFM1 1
MCRIP2 1
ARFGEF3 1
2 ZNF502 1
2 NEMPI 1
2 CCAR2 1
2 PBX2 1
2 MT-CO1 1
2 MT-ND2 1

CircRNA: circular RNA; LncRNA: long noncoding RNA; MCC: maximal clique centrality; miR: microRNA; mRNA: messenger
RNA.
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were conducted using the Enrichr tool and visualized as a bar plot (A) and dot plots (B, C).
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Figure 9. The miR-126-3p-related gene set enrichment analysis. The GO enrichment analysis and pathway enrichment analysis
from the Enrichr tool were visualized by bar plot (A) and dot plots (B, C).

For the miR-760-targeted gene set, the most
significantly enriched biological processes included
protein-DNA complex assembly, negative regulation of
gene expression (epigenetic), and nucleosome
assembly. In terms of molecular function, nucleosomal
DNA binding was the only significant function. The

genes were mainly localized to the nucleus and
intracellular membrane-bounded organelles. The top 10
enriched pathways included neutrophil extracellular trap
formation, DNA damage/telomere stress-induced
senescence, DNA methylation, histone modifications,
and cellular senescence (Figure 10).
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DISCUSSION

RA is a chronic autoimmune disease characterized
by inflammation and progressive joint damage, which
significantly reduces patients' quality of life.?* Its
systemic complications also contribute to disability and
mortality.?> Current diagnostic criteria lack adequate
sensitivity and specificity for early detection, resulting
in many patients being diagnosed only after the disease

has progressed significantly.?® Therefore, new

16/ Iran J Allergy Asthma Immunol,

diagnostic strategies and biomarkers are necessary to
improve early detection and disease management. c-
miRs in body fluids are stable, accessible, and non-
invasive, making them promising biomarker
candidates.?’?® Altered c-miR expression may aid early
RA diagnosis by reflecting disease progression before
symptom manifestation.?” This study investigated
plasma levels of miR-22-3p, miR-126-3p, and miR-760
in RA patients compared to controls, assessed their link
to disease activity, and evaluated their individual and
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combined  diagnostic  value. = Moreover, our
bioinformatics analysis examined multiple aspects of
these miRs.

In our study, miR-22-3p was significantly elevated
in the plasma of RA patients, including anti-CCP-
negative cases, suggesting diagnostic potential in
seronegative RA. It also correlated with CRP levels and
showed moderate diagnostic performance with an AUC
of 0.69. Tang et al reported that miR-22-3p was
significantly upregulated in RA patients and
distinguished them from SLE and Sjogren’s cases, with
an AUC of 0.81, underscoring its diagnostic value,
particularly in seronegative RA.3® Another study
confirmed elevated plasma miR-22-3p levels in RA
patients compared to healthy controls, with a strong
association with disease activity.?! Similarly, Ormseth et
al found increased plasma expression of miR-22-3p,
significantly correlating with DAS28 and disease
activity.3? Its upregulation was also noted in peripheral
blood cells of RA patients.*

Alternatively, the miR-126-3p was significantly
elevated in RA patients and could distinguish anti-CCP-
negative cases from controls. It correlated with ESR,
CRP, and DAS28, indicating links to.inflammation and
disease activity. Its diagnostic value was moderate, with
an AUC of 0.72. Cunningham et al reported elevated
miR-126-3p in RA patients and at-risk individuals
compared to controls, indicating its potential as.an early
diagnostic biomarker,with strong accuracy (AUC: 0.87
for RA, 0.76 for atrisk cases).>* Given that
cardiovascular disease is a major RA complication,
miR-126-3pimay also serve as a predictive marker for
coronary atherosclerosis in RA patients.*’

Plasma miR-760 expression levels were found to be
elevated in patients with RA compared. to healthy
controls; however, this difference did not reach
statistical significance. Moreover, plasma miR-760
levels demonstrated a positive correlation with ESR. In
a study conducted by Abdelaleem et al, serum miR-760
expression was reported to be significantly increased in
RA patients within an Egyptian cohort, with an AUC of
0.85, indicating its potential diagnostic utility.¢
Conversely, another study reported a decrease in miR-
760 expression in T cells derived from RA patients,
suggesting a possible cell-type-specific regulation and
highlighting the complex role of miR-760 in RA
pathogenesis.’’

Among the three analyzed miRs, miR-126-3p
exhibited the highest diagnostic accuracy, whereas miR-

760 demonstrated the lowest. Notably, the combined
assessment of all three miRs as a diagnostic panel
yielded the greatest overall diagnostic performance. This
observation is consistent with previous studies, which
have highlighted the superior diagnostic potential of
miR panels compared to the evaluation of individual
biomarkers.***3 The plasma levels of miR-22-3p, miR-
126-3p, and miR-760 are elevated in RA patients, while
their expression is often reduced in tissues or inside
cells. This discrepancy is expected, as extracellular miR
levels do not always reflect their intracellular
abundance. Cells use different selective mechanisms to
package ~and release. miRs into the extracellular
environment, meaning the profiles of circulating and
intracellular miRs can differ significantly. Additionally,
circulating miRs may originate from various cell types,
making their plasma levels the result of complex and
diverse cellular contributions.**  Additionally, this
difference in expression suggests that these three miRs
likelyplay a complex role in the pathogenesis of RA.
Conservation analysis showed that all three miRs are
well ‘preserved among certain vertebrates, indicating
their possible importance in fundamental physiological
processes across these species. Functional enrichment
analysis highlighted distinct complementary roles for
the three studied miRs. Target genes of miR-22-3p were
enriched in processes related to transcriptional
regulation, kinase binding, and pathways such as cancer
and cellular senescence, suggesting its involvement in
transcriptional control and signaling cascades relevant to
inflammation. Overexpression of miR-22-3p in MH7A
cells suppressed inflammatory cell activity by targeting
IL6R and could be involved in the regulation of the NF-
kB pathway in RA.*° In a study on RASF cells, miR-22-
3p was found to be significantly downregulated, leading
to altered secretion of inflammatory cytokines (IL-6, IL-
1B, and TNF-a)) and enhanced cell proliferation through
regulation of SIRT1.% It has also been shown that
EZH2-mediated hypermethylation of the miR-22-3p
promoter suppresses its expression, thereby promoting
proliferation, migration, and invasion of RA-FLSs
through upregulation of CYR61.#” miR-126-3p showed
enrichment in functions associated with cell migration,
cytokine and chemokine signaling, and receptor tyrosine
kinase pathways, consistent with its potential roles in
angiogenesis, immune cell trafficking, and synovial
inflammation. Downregulation of miR-126-3p in RA-
FLS enhances PIK3R2 expression, leading to activation
of the PI3K/AKT pathway and increased levels of PI3K,
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AKT, and phosphorylated AKT, thereby contributing to
synovial angiogenesis in RA.*® miR-126-3p can also
regulate the NF-«B signaling pathway in RA-FLS cells
by targeting p-p65 and p-IkBa.** miR-760 was enriched
in pathways linked to DNA methylation, nucleosome
assembly, and histone modifications, indicating a
potential role in epigenetic regulation and cellular
senescence, both of which are increasingly recognized
in RA pathogenesis.

Given the significant upregulation of miR-22-3p and
miR-126-3p in the plasma of RA patients compared to
healthy controls, these miRs show promise as potential
diagnostic biomarkers for RA. Moreover, combining
miR-22-3p, miR-126-3p, and miR-760 as a biomarker
panel enhances their overall diagnostic performance.
Notably, miR-126-3p expression positively correlates
with DAS28 scores, suggesting its utility in assessing
disease activity and severity. The study’s limitation was
the relatively small sample size, which may affect the
generalizability of the findings. Future research should
aim to validate these results in larger, independent
cohorts. Additionally, the lack of access to synovial
tissue samples prevented the evaluation. of
miR expression at the local site of -inflammation.
Notably, few studies to date have‘assessed the plasma
expression of miR-22-3p, miR-126-3p, and miR-760 in
RA patients. Furthermore, the functional roles of
these miRs in the pathogenesis and progression of RA
remain to be fully elucidated and warrant further
investigation.
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