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ARTICLE INFO ABSTRACT

Original paper Osteoarthritis (OA) is one of the principal causes of chronic joint disease with a series of pathological features.
The present study aimed to identify key microRNAs (miRNAs) and signaling pathways in OA biological fluids
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analysis. Differentially expressed microRNAs (DEmiRNAs) in the serum, plasma, and synovial fluids of OA
patients were identified using the GEO2R, limma, and DESeq2 packages in the R software based on the dataset
from GSE151341, GSE105027, and GSE126677. The gene ontology (GO) enrichment, Kyoto Encyclopedia
of Genes and Genomes (KEGQG), and network construction analyses were performed for overlapping DEmiR-
NAs. Forty DEmiRNAs overlapped in the plasma, serum, and synovial fluids of OA patients. The expression
patterns of the DEmiRNAs in the serum and plasma were almost the same, while they were reversed in the
synovial fluid. Differentially expressed hsa-miR-146a-5p and hsa-miR-335-5p miRNAs showed downregu-
lation in all 3 OA sample types. According to enrichment analysis regarding OA pathogenesis, the signaling
pathways of TGF-B, Hippo, FoxO, PI3K-Akt, and mTOR were significant, with hsa-miR-146a-5p and hsa-
miR-335-5p involved in their regulation. The present informatics study for the first time provides insights into
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the potential diagnostic targets of OA by analyzing overlapping miRNAs and their relevant signaling pathways

in human knee fluids (serum, plasma, and synovial fluids).
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Introduction

Osteoarthritis (OA) is a degenerative joint disease
whose incidence is on the rise in the elderly (1). The
pathological features of OA comprise articular cartilage
degradation, synovial inflammation, subchondral bone
sclerosis, and osteophyte development (2, 3). This chronic
joint pain and its associated disability are acknowledged
as the principal source of socioeconomic burdens on heal-
thcare systems (4, 5).

The current diagnostic and treatment approaches to OA,
applied to all patients, chiefly seek to ameliorate sympto-
matic pains or substitute joint surgery in severe conditions
(6). To our knowledge, no pharmaceutical agents exist to
lessen or stop OA progression (7). Nonetheless, novel the-
rapeutic approaches, including autologous chondrocyte
implantation and matrix-based autologous chondrocyte
implantation, can improve 80% of symptoms, with chan-
geable efficacies in various individuals (8).

The paucity of diagnostic and treatment strategies
and limited knowledge concerning the exact pathological
mechanisms underlying OA underscore the necessity of
molecular research on the mechanisms involved.

To date, the rapid development of transcriptome and
gene-expression high-throughput technologies, such as

microarray and next-generation sequencing analyses, in
tandem with clinical information, has helped clarify the
mechanisms involved in OA pathogenesis and predict the
efficacy of the treatment (9, 10). Transcriptome profiling
is a quantitative measurement of RNA levels (coding and
noncoding) for thousands of genes simultaneously, manu-
facturing a broad picture of cellular function and contribu-
ting to personalized medicine.

Nowadays, human body fluids are deemed appealing
sources for clinical biomarkers since their collection and
processing are less invasive, less costly, and more rapid
(11, 12). In addition, the altered expression profiles of
messenger RNAs (mRNAs), long noncoding RNAs (IncR-
NAs), and microRNAs (miRNAs) may reflect the cellular
mechanisms underlying the pathological states (11). Ac-
cordingly, screening human body fluids is one of the most
promising approaches to discern biomarkers or unveil pa-
thophysiological mechanisms for human disorders.

The present study aimed to provide a comprehensive
understanding of miRNA expression alterations in the se-
rum, plasma, and synovial fluids of patients with OA and
introduce potential miRNAs as noninvasive OA biomar-
kers.
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Materials and Methods

The expression profiles of miRNAs in the body fluids of
human knee OA

First, miRNA profiling in knee OA plasma, chon-
drocyte serum, and synovial fluid samples was obtai-
ned from the Gene Expression Omnibus (GEO) datasets
GSE151341, GSE105027, and GSE126677, respectively.
The GSE151341 dataset, with a miRNA-sequencing plat-
form, consisted of 41 early and 50 late knee OA plasma
samples. The miRNA-sequencing platform yielded 2
OA synovial fluid samples and 3 healthy synovial fluid
samples (GSE126677). The GSE105027 dataset, with an
array sequencing platform, contained 12 OA chondrocyte
serum samples and 12 healthy chondrocyte serum samples
(Supplementary Table 1).

Identifying differentially expressed microRNAs (DE-
miRNAs)

The array databases were analyzed using the GEO2R
(https://www.ncbi.nlm.nih.gov/geo/geo2r) database, and
RNA/miRNA sequencing was analyzed using the limma
and DESeq2 packages in the R software to identify DE-
miRNAs. The main criterion for DEmiRNAs was log-
2foldchange (logFC) and adjusted P-value for each data-
set. The results were visualized in volcano plots.

Identifying overlapping DEmiRNAs in the OA biologi-
cal fluid samples

A Venn diagram (https://bioinfogp.cnb.csic.es/tools/
venny/index.html) was employed to identify overlapping
DEmiRNAs in the OA biological fluid samples, encom-
passing knee OA plasma, chondrocyte serum, and syno-
vial fluids. A specific miRNA was determined as an over-
lapping miRNA when it appeared at least in all 3 samples,
and it was utilized for further analysis. All DEmiRNAs
were pinpointed by comparing miRNA expression profiles
between the OA and healthy controls.

The gene ontology (GO) enrichment and Kyoto En-
cyclopedia of Genes and Genomes (KEGG) pathway
analyses of overlapping DEmiRNAs and differentially
expressed Genes

The GO and KEGG pathway analyses were performed
using the mirPath v.3 (https://dianalab.e-ce.uth.gr/html/
mirpathv3/index.php?r=mirpath) database on the overlap-
ping DEmiRNAs.

The network construction of common DEmiRNAs in
all 3 datasets

The MIENTURENT database was drawn upon to
construct the network of common DEmiRNAs in all 3 da-
tasets and their target genes. The MIENTURENT database
used the miRTarBase setting to construct the network.
These analyses were performed with a false discovery rate
of less than 0.05 and a minimum of 2 miRNA-target inte-
ractions.

The interaction of potential miRNAs’ target genes was
analyzed via STRING database (https://stringdb.org/cgi/
input?sessionld=bcF2bWZG131C&input page active
form=multiple identifiers).

Statistical analysis
The significance of differences in the expression levels

of the selected genes and miRNAs was considered a P-va-
lue <0.05 as a statistical parameter. In addition, a P-value
<0.05 was considered statistically significant in functional
enrichment analysis.

Results

Identifying DEmiRNAs in the body fluids of human
knee OA

Three datasets, namely GSE151341, GSE105027,
and GSE126677, corresponding to late human knee OA
plasma, chondrocyte serum, and synovial fluids, were ana-
lyzed using GEO2R to find DEmiRNAs.

The analysis of the GSE151341 dataset demonstrated
241 DEmiRNAs, of which 194 miRNAs showed upre-
gulation and 47 downregulation (adjusted P<0.05 and
logFC#1). The GSE105027 dataset analysis identified
52771 DEmiRNAs, with 21 miRNAs exhibiting upregu-
lation and 52750 downregulation (adjusted P<0.05 and
logFC#0.5). The GSE126677 dataset analysis revealed
369 DEmiRNAs, of which 38 miRNAs were upregulated
and 331 downregulated (logFC#1). The distribution of
DEmiRNAs in each dataset was visualized in correspon-
ding Volcano plots (Figure 1A-C).

Identifying overlapping DEmiRNAs in the body fluids
of human knee OA

DEmiRNAs were sought in all 3 datasets. As is shown
in the Venn diagram, 40 DEmiRNAs overlapped in the
plasma, serum, and synovial fluids of OA patients (Figure
1D). Interestingly, the expression patterns of miRNAs in
both plasma and serum were almost the same, whereas the
patterns of these common miRNAs in the OA synovial
fluid sample were reversed.

Among the 40 DEmiRNAs, in the late knee OA plasma
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Figure 1. The identification of DEmiRNAs in OA samples. A-C)
The miRNA expression profiles of GSE151341, GSE105027, and
GSE126677 in volcano plots. D) Overlapping DEmiRNAs in OA
sample types. DEmiRNAs, Differentially expressed mictoRNAs; OA,
Osteoarthritis.
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sample, while 36 miRNAs exhibited downregulation, 4
showed upregulation (hsa-miR-144-5p, hsa-miR-182-5p,
hsa-miR-183-5p, and hsa-miR-192-5p). Further, in the OA
chondrocyte serum sample, all 40 overlapping DEmiRNAs
showed downregulation. Additionally, in the OA synovial
fluid sample, 38 miRNAs were upregulated, whereas 2
were downregulated (hsa-miR-146a-5p and hsa-miR-335-
5p) (Table 1).

Further analysis was conducted on hsa-miR-146a-5p
and hsa-miR-335-5p, differentially expressed and downre-
gulated in all 3 OA plasma, serum, and synovial fluid

samples including finding their potential target genes and
analyzing their related miRNA-target mRNA networks.

The GO enrichment analysis of overlapping DEmiR-
NAs

The GO enrichment analysis results are presented in
supplementary Table 2A-C. The most enriched GO mo-
lecular functions were ion binding, nucleic acid-binding
transcription factor activity, protein-binding transcription
factor activity, enzyme binding, cytoskeletal protein bin-
ding, enzyme-regulator activity, RNA binding, and trans-

Table 1. List of overlapping DEmiRNAs in OA. DEmiRNAs, Differentially expressed microRNAs; OA, Osteoarthritis; Adj.P, Adjusted P-value;

LogFC, Log2foldchange.

Overlapping DEmiRNAs

GSE151341 (Late vs Early)

GSE105027 (OA vs Normal)

GSE126677 (OA vs Normal)

hsa-miR-1271-5p

Adj.P: 2.283849¢-10
LogFC: - 1.674047 (DOWN)

Adj.P: 0.0001931
LogFC: -0.68096 (DOWN)

Adj.P: 0.7950
LogFC: 2.0881 (UP)

hsa-miR-1301-3p

Adj.P: 1.762927¢-18
LogFC: - 1.708985 (DOWN)

Adj.P: 0.00010304
LogFC: -0.69834 (DOWN)

Adj.P: 0.63629
LogFC: 2.8234 (UP)

hsa-miR-1-3p

Adj.P: 3.746272¢-08
LogFC: - 1.657893 (DOWN)

Adj.P: 0.00003827
LogFC: -0/90335 (DOWN)

Adj.P: 0.79502
LogFC: 2.0085 (UP)

hsa-miR-146a-5p

Adj.P: 1.450013¢-37
LogFC: - 2.440440 (DOWN)

Adj.P: 0.00003827
LogFC: -0.84711 (DOWN)

Adj.P: 0.65302
LogFC: - 2.1535745 (DOWN)

hsa-miR-148b-3p

Adj.P: 9.069115e-17
LogFC: - 1.039974 (DOWN)

Adj.P: 0.00003827
LogFC: -0.86275 (DOWN)

Adj.P: 0.557744
LogFC: 2.461516 (UP)

hsa-miR-151a-5p

Adj.P: 4274037¢-13
LogFC: - 1.295667 (DOWN)

Adj.P: 0.00003827
LogFC: -0.88037 (DOWN)

Adj.P: 0.42372
LogFC: 1.3414 (UP)

hsa-miR-181a-3p

Adj.P: 4.774050e-11
LogFC: - 1.249582 (DOWN)

Adj.P: 0.00003827
LogFC: -0.85011 (DOWN)

Adj.P: 0.55774
LogFC: 3.40088 (UP)

hsa-miR-181d-5p

Adj.P: 1.789732¢-19
LogFC: - 1.958793 (DOWN)

Adj.P: 0.00003827
LogFC: -0.9132 (DOWN)

Adj.P: 0.557744
LogFC: 4.1125726 (UP)

hsa-miR-21-3p

Adj.P: 7.803143¢-04
LogFC: - 1.053403 (DOWN)

Adj.P: 0.00003827
LogFC: -0.87859 (DOWN)

Adj.P: 0.792930
LogFC: 2.13216 (UP)

hsa-miR-23b-3p

Adj.P: 3.922538¢-31
LogFC: - 1378094 (DOWN)

Adj.P: 0.00003827
LogFC: -0.86004 (DOWN)

Adj.P: 0.5577447
LogFC: 3.21471 (UP)

hsa-miR-28-5p

Adj.P: 2.269351e-22
LogFC: -2.232284 (DOWN)

Adj.P: 0.00003827
LogFC: -0.83338 (DOWN)

Adj.P: 0.55774
LogFC: 2.657971 (UP)

hsa-miR-30e-3p

Adj.P: 2.733889¢-27
LogFC: - 1.223508 (DOWN)

Adj.P: 0.00001219
LogFC: -1.18785 (DOWN)

Adj.P: 0.09882
LogFC: 2.49339 (UP)

hsa-miR-3174

Adj.P: 3.195174e-05
LogFC: -2.102395 (DOWN)

Adj.P: 0.00003827
LogFC: -0.89804 (DOWN)

Adj.P: 0.557744
LogFC: 2.457297 (UP)

hsa-miR-329-5p

Adj.P: 2.580396¢-08
LogFC: - 3.225701 (DOWN)

Adj.P: 0.00003827
LogFC: -0.85166 (DOWN)

Adj.P: 0.55774
LogFC: 2.457297 (UP)

hsa-miR-335-3p

Adj.P: 1.463936e-41
LogFC: -2.652958 (DOWN)

Adj.P: 0.00004176
LogFC: -0.78704 (DOWN)

Adj.P: 0.55774
LogFC: 3.029492 (UP)

hsa-miR-335-5p

Adj.P: 3.300432¢-28
LogFC: - 2.162071 (DOWN)

Adj.P: 0.00003827
LogFC: -0.86507 (DOWN)

Adj.P: 0.55774
LogFC: -1.634774 (DOWN)

hsa-miR-337-3p

Adj.P: 1.337387e-15
LogFC: - 3.043003 (DOWN)

Adj.P: 0.00003831
LogFC: -0/80859 (DOWN)

Adj.P: 0.55774
LogFC: 2.66954 (UP)

hsa-miR-340-5p

Adj.P: 7.835614e-27
LogFC: - 1.640610 (DOWN)

Adj.P: 0.00003827
LogFC: -0.88619 (DOWN)

Adj.P: 0.17610
LogFC: 2.725214 (UP)

hsa-miR-342-5p

Adj.P: 5.131170e-07
LogFC: - 1.194869 (DOWN)

Adj.P: 0.00000512
LogFC: -1.393 (DOWN)

Adj.P: 0.5674891
LogFC: 2.453260 (UP)

hsa-miR-3679-5p

Adj.P: 9.719165¢-22
LogFC: - 3.282502 (DOWN)

Adj.P: 0.00001164
LogFC: -1.04036 (DOWN)

Adj.P: 0.88951
LogFC: 1.415258 (UP)
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Adj.P: 8.529282e-26

hsa-miR-369-3p LogFC: - 3.172847 (DOWN)

Adj.P: 0.00003827
LogFC: -0.86793 (DOWN)

Adj.P: 0.0339987
LogFC: 5.641377 (UP)

Adj.P: 6.901492¢-22

hsa-miR-370-3p LogFC: - 3.246478 (DOWN)

Adj.P: 0.00003827
LogFC: -0.89828 (DOWN)

Adj.P: 0.557744
LogFC: 2.8810763 (UP)

Adj.P: 5.785147e-06

hsa-miR-374b-3p LogFC: - 1.425690 (DOWN)

Adj.P: 0.00003827
LogFC: -0.83467 (DOWN)

Adj.P: 0.5577447
LogFC: 2.554790 (UP)

Adj.P: 4.541860e-32

hsa-miR-376¢-3p LogFC: - 3.544182 (DOWN)

Adj.P: 0.00003827
LogFC: -0.85212 (DOWN)

Adj.P: 0.5577447
LogFC: 3.231910 (UP)

Adj.P: 7.437957e-39

hsa-miR-379-5p LogFC: - 3.512355 (DOWN)

Adj.P: 0.00003827
LogFC: -0.90999 (DOWN)

Adj.P: 0.5577447
LogFC: 3.942076 (UP)

Adj.P: 4.438984¢-34

hsa-miR-381-3p LogFC: - 3.478388 (DOWN)

Adj.P: 0.00003827
LogFC: -0.89021 (DOWN)

Adj.P: 0.795025
LogFC: 1.7518620 (UP)

Adj.P: 1.418821e-03

hsa-miR-3928-3p LogFC: - 1.407792 (DOWN)

Adj.P: 0.00003827
LogFC: -0.85595 (DOWN)

Adj.P: 0.557744
LogFC: 2.928245 (UP)

Adj.P: 2.654750e-35

hsa-miR-409-3p LogFC: - 3.464275 (DOWN)

Adj.P: 0.00003827
LogFC: -0.85653 (DOWN)

Adj.P: 0.663303
LogFC: 2.384578 (UP)

Adj.P: 6.797661e-18

hsa-miR-409-5p LogFC: - 2.897052 (DOWN)

Adj.P: 0.00003625
LogFC: -0.92479 (DOWN)

Adj.P: 0.55774471
LogFC: 2.547922 (UP)

Adj.P: 2.021740e-30

hsa-miR-411-5p LogFC: - 3.621818 (DOWN)

Adj.P: 0.00003827
LogFC: -0.86914 (DOWN)

Adj.P: 0.795025
LogFC: 1.9312881 (UP)

Adj.P: 1.671887e-23

hsa-miR-425-3p LogFC: - 2.066326 (DOWN)

Adj.P: 0.00006428
LogFC: -0.74814 (DOWN)

Adj.P: 0.5577447
LogFC: 3.0257393 (UP)

Adj.P: 7.888549¢-04

hsa-miR-433-3p LogFC: - 2.242142 (DOWN)

Adj.P: 0.00003827
LogFC: -0.8457 (DOWN)

Adj.P: 0.55774471
LogFC: 2.7497783 (UP)

Adj.P: 8.499004e-28

hsa-miR-493-3p LogFC: - 3.921990 (DOWN)

Adj.P: 0.00003827
LogFC: -0.88939 (DOWN)

Adj.P: 0.585855
LogFC: 2.72868057 (UP)

Adj.P: 1.027879¢-06

hsa-miR-656-3p LogFC: - 2.540577 (DOWN)

Adj.P: 0.00003827
LogFC: -0.86335 (DOWN)

Adj.P: 0.55774471
LogFC: 4.200735 (UP)

Adj.P: 9.647394e-43

hsa-miR-671-3p LogFC: - 2.971678 (DOWN)

Adj.P: 0.00004193
LogFC: -0.77814 (DOWN)

Adj.P: 0.032845
LogFC: 5.14870034 (UP)

Adj.P: 1.413492¢-30

hsa-miR-889-3p LogFC: - 3.768896 (DOWN)

Adj.P: 0.00003827
LogFC: -0.85171 (DOWN)

Adj.P: 0.70501420
LogFC: 1.112212 (UP)

Adj.P: 2.396264¢-04

hsa-miR-144-5p LogFC- 1.235882

Adj.P: 0.00003827
LogFC: -0.8794 (DOWN)

Adj.P: 0.4883060
LogFC: 4.0393347 (UP)

Adj.P: 7.087762¢-06

hsa-miR-182-5p LogFC: 1.216693

Adj.P: 0.00003827
LogFC: -0.87345 (DOWN)

Adj.P: 0.5577447
LogFC: 3.084328 (UP)

Adj.P: 1.068509e-07

hsa-miR-183-5p LogFC: 1.310801

Adj.P: 0.00003827
LogFC: -0.84196 (DOWN)

Adj.P: 0.8888540
LogFC: 1.1676541 (UP)

Adj.P: 8.977003¢-06

hsa-miR-192-5p LogFC: 1.000478

Adj.P: 0.00003827
LogFC: -0.84664 (DOWN)

Adj.P: 0.5755393
LogFC: 2.1143289 (UP)

membrane transporter activity. The most enriched GO
biological processes were the cellular nitrogen compound
metabolic process, the biosynthetic process, the cellular
protein modification process, the small molecule meta-
bolic process, the neurotrophin TRK receptor signaling
pathway, the Fc-¢ receptor signaling pathway, the blood
coagulation process, the catabolic process, the epidermal
growth factor receptor signaling pathway, the response to
stress pathway, the cell death pathway, the Fc-y receptor
signaling pathway involved in phagocytosis, the toll-like
receptor signaling pathway, the immune system process,
and the TRIF-dependent toll-like receptor signaling pa-
thway. Additionally, the most enriched GO cellular com-
ponents were the organelle, the protein complex, the cyto-
sol, the nucleoplasm, the microtubule-organizing center,
and the platelet o granule lumen.

The KEGG pathway analysis of overlapping DEmiR-
NAs

The KEGG pathway analysis specified that the DE-
miRNAs were enriched in the following 12 signaling
pathways: TGF-B, adherens junction, Hippo, ErbB, Rapl,
FoxO, PI3K-Akt, ubiquitin-mediated proteolysis, Ras,
focal adhesion, actin cytoskeleton regulation, and mTOR
(Table 2). The enriched miRNAs associated with the cor-
responding pathways are listed in Table 2.

Construction of hsa-miR-146a-5p and hsa-miR-335-5p
targeted genes network
Further analysis was done on hsa-miR-146a-5p and
hsa-miR-335-5p, differentially expressed and downregula-
ted in all 3 OA plasma, serum, and synovial fluid samples.
The target genes of hsa-miR-146a-5p and hsa-miR-
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Table 2. KEGG pathway analysis on overlapping DEmiRNAs. DEmiRNAs, Differentially expressed microRNAs.

Pathway

P-value

Enriched miRNAs

TGF-p signaling
pathway (hsa04350)

1.81563938101e-06

hsa-miR-340-5p, hsa-miR-374b-3p, hsa-miR-656-3p, hsa-miR-335-3p, hsa-miR-369-
3p, hsa-miR-379-5p, hsa-miR-381-3p, hsa-miR-23b-3p, hsa-miR-433-3p, hsa-miR-
181d-5p, hsa-miR-337-3p, hsa-miR-376¢-3p, hsa-miR-889-3p, hsa-miR-1271-5p, hsa-
miR-370-3p, hsa-miR-1301-3p, hsa-miR-182-5p, hsa-miR-1-3p, hsa-miR-148b-3p,
hsa-miR-3174, hsa-miR-493-3p, hsa-miR-409-3p, hsa-miR-183-5p, hsa-miR-146a-5p,
hsa-miR-30e-3p, hsa-miR-21-3p, hsa-miR-3928-3p, hsa-miR-329-5p, hsa-miR-671-3p

Adherens
junction (hsa04520)

4.1044602359¢-06

hsa-miR-335-3p, hsa-miR-381-3p, hsa-miR-3928-3p, hsa-miR-183-5p, hsa-miR-148b-
3p, hsa-miR-181d-5p, hsa-miR-30e-3p, hsa-miR-379-5p, hsa-miR-656-3p, hsa-miR-
182-5p, hsa-miR-340-5p, hsa-miR-146a-5p, hsa-miR-23b-3p, hsa-miR-376¢-3p, hsa-
miR-369-3p, hsa-miR-1301-3p, hsa-miR-1-3p, hsa-miR-1271-5p, hsa-miR-409-3p,
hsa-miR-28-5p, hsa-miR-889-3p, hsa-miR-433-3p, hsa-miR-493-3p, hsa-miR-21-3p,
hsa-miR-337-3p

Hippo signaling
pathway (hsa04390)

4.1044602359¢-06

hsa-miR-335-3p, hsa-miR-369-3p, hsa-miR-656-3p, hsa-miR-182-5p, hsa-miR-1-3p,
hsa-miR-381-3p, hsa-miR-409-5p, hsa-miR-183-5p, hsa-miR-379-5p, hsa-miR-
146a-5p, hsa-miR-148b-3p, hsa-miR-28-5p, hsa-miR-370-3p, hsa-miR-192-5p, hsa-
miR-23b-3p, hsa-miR-340-5p, hsa-miR-376¢-3p, hsa-miR-889-3p, hsa-miR-337-3p,
hsa-miR-409-3p, hsa-miR-1301-3p, hsa-miR-181d-5p, hsa-miR-30e-3p, hsa-miR-
329-5p, hsa-miR-335-5p, hsa-miR-411-5p, hsa-miR-493-3p, hsa-miR-374b-3p, hsa-
miR-3928-3p, hsa-miR-144-5p, hsa-miR-433-3p, hsa-miR-21-3p, hsa-miR-1271-5p,
hsa-miR-3174, hsa-miR-3679-5p, hsa-miR-342-5p

ErbB signaling
pathway (hsa04012)

7.07066574017e-06

hsa-miR-21-3p, hsa-miR-23b-3p, hsa-miR-3174, hsa-miR-374b-3p, hsa-miR-433-3p,
hsa-miR-656-3p, hsa-miR-182-5p, hsa-miR-183-5p, hsa-miR-1301-3p, hsa-miR-335-
3p, hsa-miR-381-3p, hsa-miR-181d-5p, hsa-miR-340-5p, hsa-miR-369-3p, hsa-miR-
192-5p, hsa-miR-1271-5p, hsa-miR-379-5p, hsa-miR-493-3p, hsa-miR-1-3p, hsa-
miR-148b-3p, hsa-miR-3679-5p, hsa-miR-30e-3p, hsa-miR-146a-5p, hsa-miR-889-3p,
hsa-miR-337-3p, hsa-miR-409-3p, hsa-miR-3928-3p, hsa-miR-342-5p, hsa-miR-370-
3p, hsa-miR-376¢-3p, hsa-miR-671-3p, hsa-miR-329-5p, hsa-miR-144-5p, hsa-miR-
28-5p, hsa-miR-409-5p

Rapl signaling
pathway (hsa04015)

1.05470815092e-05

hsa-miR-369-3p, hsa-miR-1271-5p, hsa-miR-340-5p, hsa-miR-1-3p, hsa-miR-148b-
3p, hsa-miR-335-3p, hsa-miR-374b-3p, hsa-miR-409-3p, hsa-miR-493-3p, hsa-miR-
656-3p, hsa-miR-181d-5p, hsa-miR-370-3p, hsa-miR-381-3p, hsa-miR-182-5p, hsa-
miR-23b-3p, hsa-miR-335-5p, hsa-miR-342-5p, hsa-miR-30e-3p, hsa-miR-183-5p,
hsa-miR-329-5p, hsa-miR-146a-5p, hsa-miR-337-3p, hsa-miR-433-3p, hsa-miR-3928-
3p, hsa-miR-889-3p, hsa-miR-21-3p, hsa-miR-28-5p, hsa-miR-3174, hsa-miR-411-5p,
hsa-miR-376¢-3p, hsa-miR-3679-5p, hsa-miR-1301-3p, hsa-miR-144-5p, hsa-miR-
379-5p, hsa-miR-192-5p

FoxO signaling
pathway (hsa04068)

0.00043585883

hsa-miR-148b-3p, hsa-miR-335-3p, hsa-miR-340-5p, hsa-miR-369-3p, hsa-miR-381-
3p, hsa-miR-889-3p, hsa-miR-183-5p, hsa-miR-3928-3p, hsa-miR-379-5p, hsa-miR-
30e-3p, hsa-miR-656-3p, hsa-miR-23b-3p, hsa-miR-181d-5p, hsa-miR-370-3p, hsa-
miR-493-3p, hsa-miR-337-3p, hsa-miR-409-3p, hsa-miR-1301-3p, hsa-miR-433-3p,
hsa-miR-182-5p, hsa-miR-1271-5p, hsa-miR-21-3p, hsa-miR-146a-5p, hsa-miR-376c-
3p, hsa-miR-1-3p, hsa-miR-3679-5p, hsa-miR-374b-3p, hsa-miR-3174, hsa-miR-329-
5p, hsa-miR-342-5p, hsa-miR-411-5p, hsa-miR-28-5p, hsa-miR-144-5p

PI3K-Akt signaling
pathway (hsa04151)

0.00043585883

hsa-miR-335-3p, hsa-miR-340-5p, hsa-miR-889-3p, hsa-miR-1-3p, hsa-miR-146a-5p,
hsa-miR-376¢-3p, hsa-miR-656-3p, hsa-miR-370-3p, hsa-miR-183-5p, hsa-miR-
181d-5p, hsa-miR-21-3p, hsa-miR-23b-3p, hsa-miR-433-3p, hsa-miR-182-5p, hsa-
miR-148b-3p, hsa-miR-337-3p, hsa-miR-369-3p, hsa-miR-381-3p, hsa-miR-379-5p,
hsa-miR-1301-3p, hsa-miR-409-3p, hsa-miR-28-5p, hsa-miR-3679-5p, hsa-miR-
493-3p, hsa-miR-1271-5p, hsa-miR-342-5p, hsa-miR-30e-3p, hsa-miR-3928-3p, hsa-
miR-3174, hsa-miR-409-5p, hsa-miR-335-5p, hsa-miR-329-5p, hsa-miR-374b-3p,
hsa-miR-144-5p, hsa-miR-192-5p, hsa-miR-425-3p, hsa-miR-671-3p

Ubiquitin-mediated
proteolysis (hsa04120)

0.00110723662

hsa-miR-335-3p, hsa-miR-340-5p, hsa-miR-381-3p, hsa-miR-433-3p, hsa-miR-656-
3p, hsa-miR-889-3p, hsa-miR-181d-5p, hsa-miR-23b-3p, hsa-miR-369-3p, hsa-miR-
1-3p, hsa-miR-376¢-3p, hsa-miR-493-3p, hsa-miR-146a-5p, hsa-miR-148b-3p, hsa-
miR-3679-5p, hsa-miR-182-5p, hsa-miR-409-3p, hsa-miR-192-5p, hsa-miR-409-5p,
hsa-miR-183-5p, hsa-miR-21-3p, hsa-miR-379-5p, hsa-miR-411-5p, hsa-miR-370-3p,
hsa-miR-1301-3p, hsa-miR-374b-3p, hsa-miR-3174, hsa-miR-28-5p, hsa-miR-3928-
3p, hsa-miR-1271-5p, hsa-miR-30e-3p, hsa-miR-335-5p, hsa-miR-337-3p

Ras signaling
pathway (hsa04014)

0.00138078699

hsa-miR-23b-3p, hsa-miR-28-5p, hsa-miR-335-3p, hsa-miR-3679-5p, hsa-miR-493-
3p, hsa-miR-656-3p, hsa-miR-381-3p, hsa-miR-411-5p, hsa-miR-182-5p, hsa-miR-
340-5p, hsa-miR-369-3p, hsa-miR-1301-3p, hsa-miR-148b-3p, hsa-miR-30e-3p, hsa-
miR-329-5p, hsa-miR-889-3p, hsa-miR-1271-5p, hsa-miR-409-5p, hsa-miR-183-5p,
hsa-miR-370-3p, hsa-miR-337-3p, hsa-miR-409-3p, hsa-miR-1-3p, hsa-miR-181d-5p,
hsa-miR-335-5p, hsa-miR-374b-3p, hsa-miR-433-3p, hsa-miR-671-3p, hsa-miR-
342-5p, hsa-miR-146a-5p, hsa-miR-21-3p, hsa-miR-3928-3p, hsa-miR-144-5p, hsa-
miR-3174, hsa-miR-379-5p, hsa-miR-376¢-3p
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Focal

adhesion (hsa04510) 0.00138078699

hsa-miR-148b-3p, hsa-miR-23b-3p, hsa-miR-335-3p, hsa-miR-340-5p, hsa-miR-
656-3p, hsa-miR-889-3p, hsa-miR-183-5p, hsa-miR-369-3p, hsa-miR-381-3p, hsa-
miR-192-5p, hsa-miR-493-3p, hsa-miR-409-3p, hsa-miR-3679-5p, hsa-miR-376¢-3p,
hsa-miR-182-5p, hsa-miR-671-3p, hsa-miR-30e-3p, hsa-miR-342-5p, hsa-miR-3174,
hsa-miR-146a-5p, hsa-miR-181d-5p, hsa-miR-337-3p, hsa-miR-1271-5p, hsa-miR-
3928-3p, hsa-miR-329-5p, hsa-miR-370-3p, hsa-miR-433-3p, hsa-miR-374b-3p,
hsa-miR-1301-3p, hsa-miR-1-3p, hsa-miR-379-5p, hsa-miR-335-5p, hsa-miR-425-3p,
hsa-miR-28-5p, hsa-miR-21-3p, hsa-miR-409-5p

hsa-miR-146a-5p, hsa-miR-28-5p, hsa-miR-433-3p, hsa-miR-335-3p, hsa-miR-3679-
5p, hsa-miR-381-3p, hsa-miR-493-3p, hsa-miR-148b-3p, hsa-miR-181d-5p, hsa-miR-

Regulation of actin

cytoskeleton (hsa04810) 0.0016593089

23b-3p, hsa-miR-656-3p, hsa-miR-1271-5p, hsa-miR-337-3p, hsa-miR-340-5p, hsa-
miR-369-3p, hsa-miR-183-5p, hsa-miR-182-5p, hsa-miR-1301-3p, hsa-miR-889-3p,
hsa-miR-30e-3p, hsa-miR-342-5p, hsa-miR-1-3p, hsa-miR-409-5p, hsa-miR-3174,
hsa-miR-379-5p, hsa-miR-3928-3p, hsa-miR-376¢-3p, hsa-miR-370-3p, hsa-miR-409-
3p, hsa-miR-192-5p, hsa-miR-144-5p, hsa-miR-425-3p, hsa-miR-21-3p, hsa-miR-329-

5p

mTOR signaling

pathway (hsa04150) 0.002388425

hsa-miR-335-3p, hsa-miR-337-3p, hsa-miR-340-5p, hsa-miR-369-3p, hsa-miR-381-
3p, hsa-miR-409-3p, hsa-miR-433-3p, hsa-miR-656-3p, hsa-miR-183-5p, hsa-miR-
28-5p, hsa-miR-3174, hsa-miR-342-5p, hsa-miR-374b-3p, hsa-miR-182-5p, hsa-miR-
376¢-3p, hsa-miR-889-3p, hsa-miR-148b-3p, hsa-miR-181d-5p, hsa-miR-23b-3p,
hsa-miR-3928-3p, hsa-miR-144-5p, hsa-miR-1-3p, hsa-miR-493-3p, hsa-miR-1271-
5p, hsa-miR-30e-3p, hsa-miR-329-5p, hsa-miR-21-3p, hsa-miR-3679-5p, hsa-miR-
1301-3p, hsa-miR-146a-5p, hsa-miR-671-3p, hsa-miR-370-3p

335-5p, which were downregulated in all 3 OA fluid
samples were sought; then, a network was constructed in
the MIENTURNET database, which employed the miR-
TarBase setting.

The results demonstrated that hsa-miR-146a-5p could
target the PLAUR, NFAT5, CCND2, LFNG, IL6, PTGS2,
ICAM1, NUMB, LICAM, SLP1, TLR4, MTA2, EGFR,
CDKNI14, CXCLS, BRCAI, ROCKI, TLR2, IRAK2, and
CXCR4 genes (Figure 2), while hsa-miR-335-5p could
target the PLAUR, BRCAI, ROCK, and CXCR4 genes
(Figure 2).

In addition, hsa-miR-146a-5p and hsa-miR-335-5p
might play roles in almost all the mentioned signaling pa-
thways, namely TGF-f, adherens junction, Hippo, ErbB,
Rapl, FoxO, PI3K-Akt, ubiquitin-mediated proteolysis,
Ras, focal adhesion, actin cytoskeleton regulation, and
mTOR (highlighted in Table 2).

5
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uTAZ

Figure 2. Illustration of hsa-miR-146a-5p and hsa-miR-335-5p targe-

ted genes network construction based on miRTarBase.
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Figure 3. Illustration of the miRNAs targeted genes connection using
STRING database.

In addition, we analyzed the interaction of hsa-miR-
146a-5p and hsa-miR-335-5p target genes via the STRING
database. The outcomes exhibited the connection of the
target genes in different pathways and some of them inclu-
ding IL6, PLAUR, PTGS2 and EGFR were important hub
gene among target genes connection which probably sug-
gest that they might have significant roles in OA pathoge-
nesis (Figure 3).

Discussion

OA, a common musculoskeletal disorder, is a multi-
factorial degenerative disease with considerable socioeco-
nomic impacts. It happens when the cartilage or the cush-
ion between the joints breaks down, causing pain, swell-
ing, and stiffness (7). Research has highlighted miRNAs
as novel regulators in OA with great potential as diagnos-
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tic biomarkers (13, 14). Analysis of human body fluids is
fundamentally challenging owing to their unique char-
acteristics. Nevertheless, remarkable advances in sample
preparation methods and new quantification technologies
have made body fluid analysis less invasive and more ad-
vantageous in providing fresh insights into OA (11, 12).

In the present study, we investigated miRNAs and their
relative pathways in the body fluids of human knee OA
based on bioinformatics analysis. Generally, gene expres-
sion profiles derived from OA plasma, chondrocyte serum,
and synovial fluid samples are analyzed to determine over-
lapping DEmiRNAs according to the GEO database. The
current investigation seems to be the first to identify over-
lapping DEmiRNAs in the body fluids of human knee OA
(plasma, serum, and synovial fluids).

Having identified DEmiRNAs in the different fluids,
we determined the overlapping miRNAs with a Venn dia-
gram. We identified 40 DEmiRNAs in all 3 datasets as the
most overlapping miRNAs. The expression patterns of the
DEmiRNAs in both plasma and serum were almost simi-
lar, whereas the patterns of these common DEmiRNAs in
the OA synovial fluid sample were reversed. The differ-
ence in nature of the samples (synovial fluid, serum and
plasma), may be one of the reasons for such differences in
the gene expression pattern. We considered 2 DEmiRNAs,
hsa-miR-146a-5p and hsa-miR-335-5p, which exhibited a
similar expression pattern (downregulation) in all 3 plas-
ma, serum, and synovial fluid samples, as potential OA
biomarkers.

In the pathogenesis of OA, extensive research has re-
vealed that miR-146a promotes chondrocyte apoptosis,
cartilage damage, inflammation, and neovascularization
(14, 15).

Several studies have compared the expression pattern
between OA and healthy tissues and demonstrated the role
of miRNA-altered expression patterns in OA (16). Still,
reports are conflicting vis-a-vis the expression patterns of
miR-146 in OA patients’ tissues and body fluids.

Kusnierova et al (17) found that miR-146a-5p, miR-
223-3p, and miR-23a-3p could constitute a significant
group of biomarkers for the detection of various patho-
physiological conditions, such as inflammatory condi-
tions, in synovial fluids.

A study reported that the circulating mir-146a level
was upregulated in OA patients, while the expression level
of miR-145a in OA patients’ cartilage and bone tissues
was meaningfully downregulated (18). Another investi-
gation reported that miR-146a was overexpressed in mild
OA cartilage (grade 1) and underexpressed in moderate-to-
severe OA (18). In the exosome of the synovial fluid, miR-
146a expression was high in the early stages of OA and
low in the later stages, according to another study (19).
In some other investigations, miR-146a expression was
considerably higher in the cartilage tissue of OA patients
than that in non-OA controls; nonetheless, miR-146a ex-
pression in the synoviocytes of OA patients was signifi-
cantly low compared with non-OA individuals (16, 20).
Our analysis revealed that miR-146a-5p expression was
significantly downregulated in all 3 OA synovial, plasma,
and serum fluid samples. Rousseau et al (21) demonstrated
that miR-146a-5p expression was high in the serum of fe-
male OA patients in comparison with male counterparts.
Wau et al (22) reported the overexpression of miR-146a-5p
and miR-365 in OA patients’ plasma.

Our results are discordant with the previous reports of
upregulation in miR-146a-5p in OA patients’ serum and
plasma. Previous investigations suggesting upregulated
miR-146a expression as a circulating biomarker of OA
(21, 23) are limited by their sample size of control indi-
viduals and their screening of only women, hence the need
for further research on the diagnostic accuracy of plasma
and serum concerning OA.

Some target genes of miR-146a, namely Bcl-2, TRAF6,
IRAKI1, VEGF, Smad4, and TGF-p, have been linked
to OA pathophysiology (23-28). However, our results
predicted some more genes, namely PLAUR, NFATS,
CCND2, LENG, IL6, PTGS2, ICAM1, NUMB, L1CAM,
SLP1, TLR4, MTA2, EGFR, CDKNI1A, CXCLS8, BRCAL,
ROCKI1, TLR2, IRAK2, and CXCR4, as targets of miR-
146a-5p. These findings should be experimentally con-
firmed, especially with respect to their interactions and
mechanisms apropos of OA pathophysiology. Notably,
some predicted targets, including IL-6, PTGS2, NUMB,
TLR4, EGFR, and TLR-2, have been documented to ex-
hibit dysregulation in OA and play roles in OA pathophys-
iology (29-34).

Wang et al (29) found that the SDF-1/CXCR4 signaling
pathway in vivo reduced the mRNA expression of MMP-
3, MMP-9, and MMP-13, slowed the degradation of type
II collagen and aggrecan in cartilage tissue, and lessened
the degeneration of cartilage tissue in an OA disease mod-
el. Some studies have concluded that IL-6 is associated
with an increased risk of OA development (30, 35, 36).
Jin et al (31) reported that miR-26a-5p was downregulated
and PTGS2 was upregulated in the synovial fibroblasts of
OA. The downregulation of miR-146a-5p could suppress
the apoptosis and promote the autophagy of chondrocytes
by targeting NUMB in vivo and in vitro (32). Raimo et al
(37) demonstrated that miR-146a directed the targeting of
LFNG and NUMB, leading to NOTCHI1 signaling activa-
tion.

Blocking TLR4 in the joints could effectively attenuate
OA progression and diminish pain (33). Zhang et al (34)
demonstrated a primarily protective role for EGFR during
OA progression through chondrocyte survival regulation
and cartilage degradation. The TLR-2/NF-kB signaling
pathway could contribute to degenerative knee OA (38).
Duan et al (39) found that miR-146a-5p-riched exosomes
released from bone-marrow-derived mesenchymal stem
cells could offer neuroprotection by reducing neuronal
apoptosis and inflammation associated with NFATS sup-
pression. Li et al (40) revealed that inhibiting the expres-
sion of CCND1 and CCND2 could suppress the prolif-
eration and cell cycle progression in non-small cell lung
cancer cells.

Cyclooxygenase-2 (COX2), encoded by the PTGS2
gene, is a significant inflammatory mediator in several dis-
eases and a target for miR-146a-5p in bone marrow-de-
rived mesenchymal stem cells (41). Moreover, miR-146a-
5p could target ICAM1, IL6, NFKB1, PLAUR, PTGS2,
RHOA, ROCK1, SPP1, TGFBI1, TLR2, and TLR4, associ-
ated with atherosclerosis development (42).

Chen et al (43) concluded that miR-146a in non-small-
cell lung carcinoma cells inhibited cell proliferation and
metastasis and induced apoptosis via the EGFR signal-
ing pathway. Furthermore, miR-146a-5p could promote
prostate cancer cell apoptosis by targeting ROCK1 (44).
Wotschofsky et al (45) showed that CXCLS&/IL8, UHRFI,
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MCM10, and CDKN3 were downregulated and targeted
by miR-146a-5p. Garcia et al (46) revealed the downregu-
lation of BRCA expression by miR-146a and miR-146b-
S5p in triple-negative sporadic breast cancers. In Alzheim-
er’s disease, miR-146a could suppress ROCK1 expression
(47). Our results concerning the targets of miR-146a-5p
and their regulatory roles in OA require clarification in
terms of the exact mechanisms of miR-146a and the direct
targets involved in the different stages of OA. Neverthe-
less, our results confirm the role of miR-146a-5p in OA
and nominate miR-146a-5p expression as a candidate OA
biomarker.

Some studies have unraveled the role of miR-335-5p
in OA pathogenesis. The expression of miR-335-5p ex-
hibits upregulation in OA patients’ cartilage (20). Torne-
ro-Esteban et al (48) stated that miR-335-5p had a role
during osteogenic differentiation and reported a correla-
tion between miR-335-5p expression alterations and OA
features. According to Lu et al (49), miR-335-5p could
target the HBP1 gene, mediate chondrocyte apoptosis,
and promote chondrocyte apoptosis, thereby playing a
role in OA development. Zhong et al (50) indicated that
miR-335-5p expression was meaningfully downregulated
in OA chondrocytes compared with healthy chondrocytes.
They also reported that miR-335-5p overexpression could
elevate viability and autophagy-related factors and dimin-
ish inflammatory mediators in human OA chondrocytes,
denoting that miRNA-335-5p could markedly ameliorate
inflammation in human OA chondrocytes by triggering
autophagy. Our results deciphered miR-335p downregula-
tion in all 3 examined fluids of human OA patients (serum,
plasma, and synovial fluids). Our literature search yielded
no report of miR-335-5p expression in OA patients’ se-
rum, plasma, and synovial fluids. However, miR-335-5p
downregulation is in line with a previous report of its ex-
pression in chondrocytes and in contrast with its expres-
sion in OA patients’ cartilage.

Our target analysis of miR-335-5p indicated PLAUR,
BRCAI1, ROCKI1, and CXCR4 as candidate miR-335-5p
targets. Both PLAUR and CDHI11 could predict the over-
expression of miR-335 targets in gastric cancer tissues
(51). Wang et al (52) found that miR-335 acted as a tumor
suppressor by targeting ROCK 1 and inhibiting osteosarco-
ma cell migration and invasion. To our knowledge, how-
ever, none of the previous investigations has demonstrated
interactions between miR-335-5p and PLAUR, BRCAL,
and CXCR4, except for ROCK1. More experimental re-
search is warranted concerning these targets and their role
in OA pathogenesis.

The overlapping DEmiRNAs in our KEGG pathway
analysis exhibited enrichment in the following signaling
pathways: TGF-, adherens junction, Hippo, ErbB, Rapl,
FoxO, PI3K-Akt, ubiquitin-mediated proteolysis, Ras, fo-
cal adhesion, actin cytoskeleton regulation, and mTOR.
Both hsa-miR-146a-5p and hsa-miR-335-5p played a role
in all the mentioned pathways.

The TGF-p signaling pathway stimulates chondrocyte
proliferation while inhibiting chondrocyte hypertrophy
and maturation. Several studies have suggested that the
TGF-B/Smad pathway plays a critical role in regulating
articular chondrocyte hypertrophy and maturation during
OA development (53-55). Substantial evidence indicates
that the Hippo signaling pathway can interact with the

TGF-pB and NF-kB signaling pathways, participate in OA
development, and control cartilage morphology by regu-
lating the extracellular matrix (56-58). The FoxO signal-
ing pathway is closely involved in chondrocyte dysfunc-
tion and OA pathogenesis owing to the protective role of
FoxO in oxidative stress. FoxO could also regulate chon-
drocyte autophagy, chondrocyte maturation, and aging,
all of which contribute to OA development (59-63). The
PI3K/Akt signaling pathway is associated with TNF-a,
which may be involved in OA pathogenesis. Moreover,
PI3K/AKkt activation could induce a series of downstream
signaling pathways and target proteins, including NF-kB
and MMPs, which are significant catabolic markers in
OA (64, 65). The mTOR signaling pathway is essential
for joint health and is correlated with OA pathogenesis.
The upregulation of mTOR in OA cartilage is linked to
increased chondrocyte apoptosis (66, 67).

Alongside the mentioned validated OA signaling path-
ways, studies on the signaling pathways of adherens junc-
tion, ErbB, Rap1, ubiquitin-mediated proteolysis, Ras, fo-
cal adhesion, which our team recently reported (68), and
actin cytoskeleton regulation in OA pathogenesis are lim-
ited, and the roles of these pathways need experimental
clarification.

Limitations

The outcomes of the present study should be defined in
light of its limitations. First, the analyzed three datasets in
the present study were the only available published data
sets for the body fluids of OA at the time of our investiga-
tion. Most of the datasets were related to the tissues of OA.

In addition, experimental analysis should be done to
validate bioinformatics analysis in this study in serum,
plasma and synovial fluids of OA patients’ samples.

Conclusions

The present study provides a comprehensive bioinfor-
matics analysis of key miRNAs and signaling pathways
among OA patients and is the first investigation to com-
pare DEmiRNAs between human knee OA serum, plasma,
and synovial fluid samples. Our data suggested that the
dysregulation of hsa-miR-335-5p and hsa-miR-146a-5p
could serve as a noninvasive clinical utility OA biomarker.
Therefore, miRNA-335-5p and hsa-miR-146a-5p have the
potential for future application in the clinical diagnosis
and treatment of OA.

The downregulation of hsa-miR-146a-5p and hsa-miR-

335-5p was identified in all 3 types of biological fluid
samples of OA. Thus, we recommend the experimental
validation of these 2 miRNAs throughout OA stages in the
biological fluid and tissue samples and peripheral blood
mononuclear cells of OA patients compared with healthy
controls. Since our work is limited to the analysis of only
a dataset of OA serum, plasma, and synovial fluids, it is
advisable that the expression patterns of these 2 miRNAs
and all other overlapping miRNAs be analyzed in more
datasets of body fluids to confirm our results.
Human samples, including human body fluids, are of great
interest to researchers given the potential significance of
translational medicine. Accordingly, we hope that our fin-
dings offer fresh insights into the human body fluid analy-
sis of OA concerning miRNA expression.
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