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Abstract. Numerous studies have focused on osteoarthritis
(OA) cartilage injuries, with observations of abnormalities
in microRNA (miRNA) expression levels. The aim of the
present study was to consolidate and assess the results of
these studies to identify potential miRNA biomarkers of OA.
A comprehensive meta-analysis of eight independent miRNA
expression studies in OA was performed using the robust
rank aggregation method (RRA), which contained a total
of 82 OA and 39 normal cartilage samples. The targets of
meta-signature miRNA were predicted using TargetScan v6.2,
PicTar, miRDB, TarBase v7.0 and starBase databases. In addi-
tion, pathway enrichment analysis was performed to establish
the biologically and functionally relevant genes involved in
meta-signature miRNA regulation. Six dysregulated miRNAs
were identified, including four up regulated (miR-23b-3p,
miR-27b-3p, miR-211-5p and miR-16-5p) and two down regu-
lated (miR-25-3p and miR-149-5p). The enrichment of Kyoto
Encyclopedia of Genes and Genomes and Panther signaling
pathways were predominantly associated with cell signaling
and cell regulation. In the present study, the meta-signature
miRNA identified may be used to develop a series of diag-
nostic and prognostic biomarkers for OA specifically for use
in a clinical setting.

Introduction

Osteoarthritis (OA) is one of the most common types of arthritis
and is a primary cause of disability (1). The prevalence of knee
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and hip OA ranges from 20-30% in the general population
worldwide (1). OA is primarily characterized by focal cartilage
degradation, which may be caused by the imbalance between
anabolic and catabolic factors in the joints. Furthermore, the
affected joints exhibit osteophyte formation and sub-chondral
bone sclerosis (2,3). OA is also a multifactorial disease with
strong heritability ranging from 40 to 65%, which depends on
the joint sites (4-7). The identification of genes associated with
OA would aid with revealing the underlying molecular patho-
genic mechanisms and pathways, and lead to development of
the gene diagnosis and targeted therapy of OA.

Currently, the association between cartilage biology and
OA in numerous studies has been concentrated on microRNAs
(miRNAs). miRNA, a class of non-coding small RNAs, is
widely accepted as one of the post-transcriptional modifica-
tions that influences entire intracellular molecular cascades,
such as intracellular signaling (8,9). Therefore, miRNAs
perform critical and diverse activities in biological functions,
such as apoptosis, differentiation, stem cell maintenance and
metabolism. Recently, miRNA was suggested as an integral
aspect of the regulatory network of chondrocyte differentiation
and cartilage function, which indicates miRNA may contribute
to the development of OA (10-12). The expression levels of one
or a few miRNAs between OA cartilage and healthy control
samples have been compared by various studies (10-12). These
expression-profiling studies, which often reported conflicting
results, are dispersed and have never been systematically
assessed. Consequently, the potential of miRNAs serving as
diagnostic markers or even therapeutic targets of OA remains
unclear and requires analysis.

In the present study, a comprehensive meta-analysis
was performed based on published studies, and compared
miRNA expression profiles between OA cartilage and
normal cartilage to overcome the limitations of these miRNA
expression-profiling studies. The robust rank aggregation
(RRA) method was applied in order to reduce the influences
of heterogeneity (13-15) and establish the key miRNAs in OA.
Various crucial miRNA target genes were predicted using
bioinformatics tools. Based on this, consensus targets were
combined for further analysis in corresponding databases,
such as the Kyoto Encyclopedia of Genes and Genomes
(KEGG) and Gene Ontology (GO) databases. The present
study focused upon identifying the consistence of differently
expressed miRNAs, which may provide a novel insight into the
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differentially expressed miRNA profiling studies of OA. This
is considered to be of great value in improving the diagnostics,
therapeutics and prognosis of OA.

Materials and methods

Literature review. A two-step literature searching strategy was
used to identify the OA miRNA expression profiling studies.
First, literature reviews were performed using the PubMed
database (www.ncbi.nlm.nih.gov/pubmed/), Gene Expression
Omnibus (www.ncbi.nlm.nih.gov/geo/) and ArrayExpress
(www.ebi.ac.uk/arrayexpress) according to the following
search terms: ‘microRNA’ OR ‘miRNA’ AND ‘osteoar-
thritis” OR ‘arthritis” AND ‘expression’” OR ‘profile’ OR
‘profiling’. In the second step, relevant references that meet the
above-mentioned criteria were carefully screened manually
for further studies. The latest year of publication was 2016.

Inclusion and exclusion criteria. The following studies that:
i) Profiled miRNA expression levels of patients with OA;
ii) compared the expression profile of cartilage collected by
surgery from OA patients with that of normal cartilage from
healthy control subjects; iii) reported cut-off criteria for
determining whether miRNAs were differentially expressed
between the OA and normal control; and iv) reported their
method for validating the profiling results were included in
the meta-analysis. Therefore, miRNA profiling studies we
excluded by analyzing plasma or serum sample collected from
OA patients or cell lines. Review articles were also excluded.

Data extraction. Two reviewers independently extracted the
following information from the included studies: Author,
publication year, country of subjects, sample size and character-
istics of patients, author-defined cut-off criteria of differential
miRNA expression profiling, and the direction (up- or down
regulated) and fold-change of the differential expression of
each miRNA (if available). Subsequently, the authors aimed to
reach a consensus on these items through discussion. All of the
miRNA names were standardized depending on the miRBase
version 21 (www.mirbase.org). miRNAs that were considered
as a ‘dead entry’ due to re-annotation in miRBase (version 21)
were omitted in subsequent meta-analysis.

RRA method for meta-analysis. The RRA method, which is
a free R software package (https://cran.r-project.org/mirrors
.html) was used for this meta-analysis. The gene lists of
miRNAs from selected articles were ranked according
to P-values (P<0.05) according to the RRA method. The
leave-one-out cross-validation algorithm was applied in this
method. A ten thousand times repeating analysis permutation
procedure was performed to calculate an average P-value from
the random gene lists, which represents the best P-value of each
of the miRNAs. To avoid false-positive results, the Bonferroni
correction of the P-values was calculated.

Prediction and filtering of dysregulated miRNAs
targets. The targets of miRNA were predicted using
TargetScan version 6.2 (www.targetscan.org) (16), PicTar
(http://pictar.mdc-berlin.de/cgi-bin/PicTar_vertebrate.cgi) (17)
and miRDB (http://www.mirdb.org/mining.html) (18). The
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TarBasev7.0 database (http://diana.imis.athena-innovation.
gr/DianaTools/index.php?r=tarbase/index/) (19) and starBase
(http://starbase.sysu.edu.cn/targetSite.php) (20) were also
used to facilitate with the screening and provide experimental
proof for predicted targets. Considering the reliability, only
overlapping targets predicted by more than one algorithm were
selected for further investigation.

Enrichment analysis. The Database for Annotation,
Visualization and Integrated Discovery (DAVID) web
tool (21,22) (http://david.abcc.nciferf.gov/) was used for
pathway identification and enrichment analysis. The consensus
targets of each miRNA were entered into the DAVID web tool
to screen the following database Gene Ontology terms, such as
KEGG, Panther and REACTOME signaling pathways.

Results

Study selection and data extraction. A total of 139 studies
were identified in PubMed, and only eight of these met the
inclusion criteria (Fig. 1; Table I) (23-30). The included
studies were published between 2009 and 2016. Three of
these were conducted with samples from Europe (United
Kingdom, Greece, Spain and Germany), another two studies
with samples from Asian countries (Japan and Korea) and the
other two studies with samples from North America (Canada).
The average number of miRNA probes was 799 (range,
157-2,100). A total of 121 human cartilage samples were
used for this meta-analysis. The significant data from these
studies are presented in Table I. There were 87 differentially
expressed miRNAs reported in eight studies in total, out of
which 46 were reported to demonstrate increased expression
and 41 demonstrated decreased expression (Table I).

miRNA meta-signature. A meta-signature consisted of six
dysregulated miRNAs that were significantly identified in OA
samples, which included four increased and two decreased
expression levels when compared with controls according to
the permutation P-value. The most significantly dysregulated
miRNA was miR-23b-3p, which was reported by three datasets.
Two miRNAs, miR-23b-3p and miR-27b-3p were observed
none cluster located at9q22.3 (Table II), and the cluster was
identified in MirBase within a distance <10 kb. Other miRNAs
were scattered on different chromosomal locations.

Target prediction of meta-signature miRNAs. The numbers of
targets were presented in Fig. 2. The overlapping consensus
targets of meta-signature miRNAs identified by RRA were
extracted, predicted by at least two different algorithms and
validated by two databases, TarBase and StarBase. miR-23b-3p
and miR-16-5p were observed to have more targets than the
other miRs.

Enrichment analysis for predicted target of meta-signature
miRNAs. The enrichment analysis for predicted targets of
meta-miRNAs was completed using the DAVID web tool.
Numerous significant results were screened through the
enrichment of KEGG and Panther signaling pathways, most of
which were associated with cell signaling and cell regulation,
as presented in Table III.
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Table I. Characteristics of studies included in the meta-analysis on microRNA expression levels in cartilage tissue samples of

OA.
Differential miRNA expression
Samples, n Upregulated,  Downregulated,  Cut-off
Author Year  (OA/control) n n criteria Platform (Refs.)
Jones et al 2009 6 (3/3) 11 5 FC>20  TagmangPCR assays 24)
liopoulos et al 2008 43 (33/10) 9 7 FC>1.5 Tagman miRNA assays 23)
Miyaki et al 2009 19 (11/8) 10 0 FC>1.5  mirVana miRNA (25)
Labeling Kit
Diaz-Prado eral 2012 10 (6/4) 1 6 FC>1.5 miRNA PCR system (26)
Song et al 2013 15 (10/5) 7 11 P<0.05  TagmangqPCR assays 27
Lietal 2016 8 (4/4) 6 5 FC>1.5  TagmangPCR assays (28)
Beyer et al 2015 26 (13/13) 0 2 FC>1.5  TagmangPCR assays (29)
Nakamura eral 2016 4 (2/2) 2 5 FC>2.0 miRCURY LNA (30)
miRNA Array
Total 121 (82/39) 46 41

OA, osteoarthritis; FC, fold-change; qPCR, quantitative polymerase chain reaction.
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Figure 1. Flow diagram of the study selection process. GEO, Gene Expression Omnibus.

Discussion

In recent years, with the realization of the importance of
miRNAs in different biological processes, numerous studies
have focused on the association between miRNA expres-
sion and the development of OA. However, certain studies
have shown inconsistent miRNA expression in OA cartilage
samples when compared with those of healthy controls, which
may be due to the following factors: i) Different platforms of
profiling; ii) small sample size; and iii) inconsistent methods

for data analysis. To overcome these defects, a meta-analysis
using the RRA method was performed for analyzing
particular miRNAs of OA from eight independent profiling
experiments. When compared to the classical vote-counting
method, the RRA algorithm has certain advantages, including
being robust to noise, incomplete rankings, assigns scores to
each element for ranking, and is efficient to compute (31). In
addition, two different meta-analysis methods for differential
expression of miRNAs in pancreatic ductal adenocarcinoma
have been performed. In the present study, the results of



1836

WANG et al: OA-ASSOCIATED miRNA EXPRESSION SIGNATURE

Table II. Summary of six miRNAs that were significantly up- and downregulated in osteoarthritis cartilage tissue samples

compared with normal cartilage tissue samples.

P-value
Studies, Robust rank
miRNA n aggregation Corrected Permutation Chromosome
Upregulated
miR-23b-3p 3 8.53E-11 0.00000955 0.024 9q22.3
miR-27b-3p 2 0.000000179 0.020079 0.031 9q22.3
miR-211-5p 1 0.000000258 0.028913 0.01 15q13.3
miR-16-5p 2 0.000000257 0.028924 P<0.05 13q14.2
Downregulated
miR-25-3p 2 0.000000105 0.011807 0.03 7q22.1
miR-149-5p 3 0.000000421 0.047223 0.000228 2q37.3
miR, microRNA.
10000+ I Targetscan  proposed to be potentially a master miRNA involved in
m _ ‘- :!Rﬁ:da determining mRNA stability via adenylate-uridylate-rich
' 8000+ ) TarBase element sites (36). Murata et al identified that synovial fluid
o Em StarBase miR-16-5p levels of rheumatoid arthritis (RA) patients were
S 6000 = Consenus higher than those of OA patients, and plasma miR-16-5p
° levels of OA patients were lower than that of healthy control
@ 4000- subjects (37). Certain studies identified that the expression
'g levels of miR-16-5p were decreased in the sera of early RA
3 2000+ patients in comparison with advanced RA, which indicate
miR-16-5p as a possible predictor for RA (38). miR-16-5p
0- ] was reported to be over expressed in peripheral blood
oR Q R R oR R mononuclear cells of RA patients who were active when
o\ NS :\b' '9:’ ,\b" compared with RA patients who were relatively static, or
< v < v .‘Q.‘q’ 6-\@' 6-\9" & with healthy control subjects (39). In the current meta-anal-
& <€ ¢ N ysis, miR-23b-3p was significantly increased in OA cartilage

Figure 2. Target numbers of meta-signature miRs in osteoarthritis. miR,
microRNA.

the different methods included the potential prognostic
biomarkers, which were detected by experimental valida-
tion. Therefore, the RRA method was more accurate than the
vote-counting method (32).

In the current study, six overlapping significantly
dysregulated miRNAs were demonstrated with four that
were upregulated and two that were downregulated. Among
the identified miRNAs, miR-23b-3p demonstrated consistent
up regulation in three studies. Ham er al (33) demonstrated
that miR-23b-3p over expression induced chondrogenic
differentiation by downregulating protein kinase A (PKA)
signaling based on targeting protein kinase cAMP-activated
catalytic subunit §, which encodes a catalytic subunit
of PKA in synovial fluid-derived mesenchymal stem
cells (33,34). In 2015, Gabler et al identified that miR-23b-3p
was expressed at significantly higher levels in hypertrophic
chondrocytes (35). As to miR-16-5p, although the function
of miR-16-5p in chondrocyte has yet to be determined, it
is present at high levels in the majority of cell types and

tissue. These results indicate that miR-23b-3p and miR-16-5p
are potential molecular markers for diagnostics, therapeutics
and prognosis of OA. However, further investigation of these
miRNAs in OA is considered to be necessary.

miR-149-5p was identified to be downregulated in OA chon-
drocytes in the study by Santini ef al (40), and this decrease was
correlated with increased expression levels of pro-inflammatory
cytokines, such as tumor necrosis factor-a, interleukin (IL)-f3,
and IL-6. Furthermore, miR-149-5p was significantly decreased
in the current meta-analysis, and these results supported the
hypothesis that miR-149-5p is an important regulatory molecule
in the progression of OA.

The pathway enrichment analysis identified that many
signaling pathways are involved in the regulation of miRNAs.
Through the KEGG pathway analysis (Table IIT), the Wnt
signaling pathway was identified to be significantly associated
with development of chondrocytes, which are involved in the
maintenance of fully differentiated chondrocyte phenotypes,
and may, therefore, be crucial in cartilage homeostasis
throughout life (41).

There are certain limitations associated with the
meta-analysis on miRNA expression profiles. The included
studies depended on a variety of microarray platforms and
validation criteria. Hence, it is important to apply a more
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Table III. GO process, KEGG pathway, Panther pathway and REACTOME pathway enriched by meta-signature miRNA targets.

Pathway enrichment analysis Targets P-value
GO process
G0:0044260: Cellular macromolecule metabolic process 286 8.64962E-2
GO0:0043170: Macromolecule metabolic process 290 1.05878E-2
GO0:0006464: Protein modification process 110 2.70971E-2
GO0:0043687: Post-translational protein modification 94 2.16068E-2
GO0:0043412: Biopolymer modification 111 2.96494E-2
GO0:0044267: Cellular protein metabolic process 149 5.41348E-2
G0:0044237: Cellular metabolic process 315 3.20433E-2
GO:0009987: Cellular process 440 8.45760E-2
GO0:0060255: Regulation of macromolecule metabolic process 184 9.34049E-2
G0:0080090: Regulation of primary metabolic process 183 4.36152E-2
GO0:0019222: Regulation of metabolic process 196 6.01876E-2
KEGG pathway
04115: p53 signaling pathway 10 4.92024E-4
05215: Prostate cancer 11 9.08174E-4
05200: Pathways in cancer 23 1.91181E-3
05210: Colorectal cancer 10 2.28645E-3
05222: Small cell lung cancer 9 8.12637E-3
00562: Inositol phosphate metabolism 7 1.02755E-2
04110: Cell cycle 11 1.08581E-2
04070: Phosphatidylinositol signaling system 1.34821E-2
04310: Wnt signaling pathway 12 1.49651E-2
04120: Ubiquitin mediated proteolysis 11 1.96911E-2
Panther pathway
P00030: Hypoxia response via hypoxia-inducible factor activation 6 1.28214E-2
P00034: Integrin signalling pathway 17 1.50999E-2
P00033: Insulin/insulin-like growth factor pathway-protein kinase B signaling cascade 9 2.58629E-2
P04398: p53 pathway feedback loops 2 7 3.93284E-2
P00048: Phosphoinositide 3 kinase pathway 10 4.35708E-2
P00046: Oxidative stress response 7 4.49204E-2
P00052: TGF-Psignaling pathway 12 4.59938E-2
REACTOME pathway
REACT_12034: Signaling by bone morphogenetic proteins 4 3.08411E-2
REACT_6844: Signaling by TGF-3 3 4.39359E-2

GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; TGF, transforming growth factor.

objective and comprehensive methodological standardization
for maximum reliability. Three of the included studies in the
current meta-analysis involved Asian subjects, three involved
European subjects and the other two involved North America
subjects, which could explain the inconsistency of miRNA
expression directions. Therefore, future studies that validate
profiling results in the same ethnicities may provide improved
results. In addition, certain studies did not confirm whether
their microarray results were in vitro or in vivo, nor did they
assess the prognostic association between miRNAs and OA,
which is important to validate OA biomarkers. Furthermore,
the inconsistent profiling results of miRNA expression maybe
due to various potential reasons, including differences in
samples, the genetic and environmental background of tissue

donors, the clinical pathological characteristics of tissue
donors, and the expression profiling platforms.

In conclusion, six significant dysregulated miRNAs
were identified across eight independent studies in OA.
The meta-signature miRNAs and associated pathways may
present as promising markers for clinical intervention.
Further investigations should focus upon the molecular
mechanisms that miRNAs may exert in the occurrence and
progression of OA.
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