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Abstract—Osteoarthritis (OA) is the most common joint disease worldwide, resulting in severe joint pain and significantly
decreased life quality in the elderly population. Due to the
lack of effective medicine that can reverse the degeneration of
articular cartilage, ultimately all OA patients need to receive
an artificial joint replacement surgery. Although the pathogenesis and progression of OA has attracted a lot research
activities, most regulation mechanisms at genetic and genomics
level have not yet been completely understood. In this paper,
we introduce the utilization of OmniSearch, a semantic search
software tool, to facilitate the exploration of important roles
performed by numerous microRNA molecules on OA disease
process. Our promising experimental results have indicated that
the methodologies described in this paper are able to help
effectively unraveling critical microRNA regulation mechanisms.
Consequently, we can facilitate clinical investigators’ efforts in
the understanding of OA pathogenesis, and thus contributing to
early diagnosis and effective treatment in OA in the future.
Keywords—osteoarthritis, microRNA, target gene, bio-ontology,
semantic integration and search.
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We report in this paper our efforts in effectively utilizing
software analysis (based upon domain ontologies and semantic
technologies), aiming to better investigate important roles
performed by microRNA (miR) regulations in OA.
The rest of this paper is organized as follows. Section II
summarizes state-of-the-art research in OA and semantic technologies; Section III describes our innovative methodologies;
Section IV reports current findings from our method along with
discussion; and finally, Section V concludes with important
future work.
II.

R ELATED W ORK

A. Related work in miR regulations in OA

Osteoarthritis (OA) is the most common joint disease
worldwide, resulting in severe joint pain and significantly
decreased life quality in the elderly population. OA affects
the entire joint structure, including articular cartilage, subchondral bone, ligaments, synovial membrane, joint capsule,
and articular muscle, and ultimately leads to the degeneration
of articular cartilage, joint deformity, and defuctionalization.
More seriously, due to the lack of effective medicine that can
reverse the degeneration of articular cartilage, ultimately all
OA patients need to receive an artificial joint replacement
surgery. Although the pathogenesis and progression of OA
has attracted many research activities ([1–8] for example),
most regulation mechanisms at genetic and genomics level
have not yet been completely elucidated. Towards this end,
we will need to significantly enhance our understanding of
the genetic, genomic, and epigenetic foundation underlying
†

OA disease process. Thus, it is necessary to develop more
advanced methodologies that are capable of integrating biological and computational approaches in a seamless manner;
only this way will it be possible for us to explore a more
accurate representation of biological processes that regulate
OA development and progression.
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Although far from being completely understood, the genetic regulation mechanisms performed by various miRs in
OA have attracted many research activities.
To identify miRs involved in OA, Iliopoulos et al. [1] tested
the expression of 365 miRs in articular cartilage obtained
from patients with OA undergoing knee replacement surgery
and from normal individuals with no history of joint disease.
They identified 16 miRs that are differentially expressed in
OA compared to normal cartilage. Jones et al. [2] linked
miRs and OA in a study conducted in 2009 that compared
miR expression in human cartilage and bone removed during
knee replacements with expression in post-mortem specimens
from donors with no previous joint pain. In this study, out of
expression profiling of 157 human miRs, a total of 17 miRs
were identified in cartilage and 30 in bone showing differential
expression of greater than 4-fold in disease tissue compared
to normal tissue.

A specific miR, mir-140, was shown to be expressed
only in cartilaginous tissues of the developing zebrafish in
2005 [3]. In 2006, Tuddenham et al. [4] reported that mir140 was specifically expressed in cartilage tissues of mouse
embryos during long and flat bone development, and they
detected that histone deacetylase 4 was down-regulated by this
miR. In 2009, Miyaki et al. [5] compared gene expression
profiling using miR microarrays and quantitative polymerase
chain reaction in human articular chondrocytes and human
mesenchymal stem cells (MSCs). They showed that mir140 regulated cartilage development and homeostasis, and it
could be reduced in OA cartilage and in response to IL-1β,
resulting from a chondrocyte differentiation-related expression
pattern — such reduction might contribute to abnormal gene
expression in OA.
Matsukawa et al. [6] confirmed that hsa-miR-125b was
expressed in both normal and OA chondrocytes, with significantly lower expression in OA chondrocytes than in normal
chondrocytes. Furthermore, IL-1β-induced up-regulation of
ADAMTS-4 was suppressed by over-expression of hsa-miR125b in human OA chondrocytes. Their results indicated that
this miR played an important role in regulating the expression
of ADAMTS-4 in human chondrocytes, makinghsa-miR-125b
a novel therapeutic target in OA.

Ontology for MIcroRNA Target (OMIT) [13–15] serves as an
application ontology to provide the community with common
data elements and data exchange standards in the miR research.
An important part of our proposed methodologies in this
paper is closely related to semantic search [16], which usually
requires the utilization of structured knowledge to interpret
search queries, through formal logic for example. One popular
idea in semantic search systems ([17–21] for example) is
to expand the query keywords utilizing synonyms and other
relations not originally part of the query. A second way to
implement semantic search [16] is to translate the original
keyword-based search into some formal semantic queries
through the adoption of domain ontologies.
III.

A. Overview of our methodologies
•

Step One. We will first conduct manual background
literature search to identify a list of miRs that are
likely involved in the OA disease process control.

•

Step Two. For each miR returned from Step One,
we will use the OmniSearch software tool [15] [22]
to retrieve a set of its target genes (mRNAs). These
putative target genes will be ranked using various criteria, which can be easily customized by users. Target
genes will then be returned to users as computationally
predicted results, which can further be biologically
verified through wet-lab experiments. Note that biological experimental design is not included as part
of the methodologies presented in this paper; rather,
it is considered as our important future work, and
Section V contains greater details in this regard.

It was discovered by Vonk et al. [7] that overexpression of
hsa-miR-148a increased COL2A1 and decreased MMP13 and
ADAMTS5 gene expression. Overexpression of hsa-miR-148a
was able to inhibit hypertrophic differentiation and increase the
production and deposition of type II collagen by OA chondrocytes, which was accompanied by an increased retention
of proteoglycans. This research suggested that hsa-miR-148a
may be a potential disease-modifying compound in OA, as it
promotes hyaline cartilage production.
Zhang et al. [8] have found that hsa-miR-210 targeted 3’UTR of death receptor 6 (DR6) to inhibit its expression. Both
hsa-miR-210 mimic and DR6 siRNA transfection inhibited the
activation of NF-KB pathway and cell apoptosis of chondrocytes. During the in-vivo study, an OA model was established
on rats by anterior cruciate ligament transection (ACLT), and
hsa-miR-210 expression was reduced in OA rats. In addition,
hsa-miR-210 over-expressing lentivirus was injected into the
OA rats as well. Their experimental results indicated that
cytokines production, NF-KB, and DR6 expression in OA rats
were all inhibited by hsa-miR-210 overexpression.

B. Domain ontologies underlying the OmniSearch system
OmniSearch is a typical semantic integration and search
system, developed on NCRO and OMIT ontologies.
C. OmniSearch software architecture
The overall software architecture in OmniSearch is demonstrated in Fig. 1, with the following working protocol:
•

Query parameters are sent from the client’s browser
to the Apache server [23] through Ajax requests.

•

SPARQL Protocol and RDF Query Language
(SPARQL) [24] queries are dynamically generated by
the Apache server using these query parameters, which
are then sent to the Apache Jena Fuseki server.

•

JSON objects, containing the requested information,
are retrieved from the resource description framework
(RDF) [25] triple store (installed on the Apache Jena
Fuseki server) after running the dynamically generated
SPARQL queries.

•

These JSON objects are returned to the Apache server,
which are used to generate either (1) a list of miRs
and/or MeSH terms or (2) the HTML Markup for the
search result table.

•

Finally, the Apache server sends the obtained data,
or an error message if the search fails, back to the

B. Related work in semantic technologies
In biomedical investigation, when we need to integrate a
large number of data sources that have heterogeneous semantics (different meanings), semantic technologies that are based
on domain ontologies can render significant assistance.
Bio-ontologies have been widely utilized nowadays. Herein
we briefly review some bio-ontologies that are related to our
research in this paper. Gene Ontology (GO) [9] is probably
the most successful and widely used bio-ontology, which contains three independent sub-ontologies: biological processes,
molecular functions, and cellular components. Non-Coding
RNA Ontology (NCRO) [10] [11] is an Open Biological
and Biomedical Ontologies (OBO) [12] candidate reference
ontology designed for non-coding RNA (ncRNA) domain.
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M ETHODOLOGIES

Fig. 1.

Semantic search architecture in the OmniSearch system.

Fig. 2.

Various data sources integrated in the OmniSearch system.

client’s browser as a JSON object.

•

miRBase [30]: This is a database of published miR
sequences and annotations. Each entry in the database
represents a predicted hairpin portion of a miR transcript, along with the information on the location and
sequence of the respective mature miR sequence.

•

Three National Center for Biotechnology Information
(NCBI) databases: PubMed [31], NCBI Gene [32],
and MeSH [33]. These databases provide access to
PubMed publications, various gene-related information, and MeSH term information, respectively.

•

GO annotation database [34]: This database contains
statements that describe the functions of specific genes

There are a total of ten data sources that were integrated
in the OmniSearch system:
•

Three miR target prediction databases: miRDB [26],
TargetScan [27], and miRanda [28]. Each of these
three databases contains computationally predicted
target genes given a miR of interest.

•

miRTarBase [29]: All target genes included in this
database have already been biologically validated by
some research groups.
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TABLE I.

BACKGROUND LITERATURE SEARCHING RESULTS WITH
REGARD TO CANDIDATE MI R S IN OA

Putative Regulating miR

hsa-miR-140-5p

hsa-miR-146a-5p
hsa-miR-27a-3p
hsa-miR-34a-5p
hsa-miR-223-5p
hsa-miR-125b-5p
hsa-miR-675-5p
hsa-miR-101-3p
hsa-miR-148a-5p
hsa-miR-558
hsa-miR-455-5p
hsa-miR-29a-3p
hsa-miR-145-5p
hsa-miR-149-5p
hsa-miR-26a-5p
hsa-miR-483-5p
hsa-miR-93-5p
hsa-miR-193b-5p
hsa-miR-33a-3p
hsa-miR-210-5p
hsa-miR-199a-5p
hsa-miR-9-5p
hsa-miR-355-5p
hsa-miR-22-5p
hsa-miR-24-3p
hsa-miR-21-5p
hsa-miR-98-5p
hsa-miR-127-3p
hsa-miR-488-5p
hsa-miR-181b-5p

Target Gene
ADAMTS5
MMP-13
MMP-13
IGFBP-5
DNPEP
SMAD3
RALA
SP1
SMAD4
IRAK1
TRAF6
MMP-13
MMP-13
SIRT1
COL2A1
PEX-16
ADAMTS4
COL2A1
ECM
DNMT1
COX-2
SMAD2/3
SMAD2/3/4
Axin2
ECM
ADAMTS5
INOS
MMP-13
OSM
SOX9
SREBP-2
DR6
COX2
MMP-13
COL10A1
PPAR-α
P16INK4A
GDF-5
ADAMTS5
MMP13
ZIP8
MMP13

Signaling Pathway Involved
IL-1β
IGF
NF-B
TGF-β
BMP
TGF-β
SOX9
BMP
TGF-β
NF-B
NF-B
IL-1β
NF-B
P53
IL-1β
IL-1β
IL-1β
TNF-α
SOX9
methylation
NF-B
TGF-β
TGF-β
WNT
SOX9
TNF-α
NF-B
TGF-β
AKT
TGF-β
TGF-β
NF-B
P38/MAPK
IL-1β
WNT/β-catenin
IL-1β
IL-1β
TGF-β
IL-1β
IL-1β
IL-1β
IL-1β

hsa-miR-140-5p
hsa-miR-146a-5p
hsa-miR-27a-3p
hsa-miR-34a-5p
hsa-miR-223-5p
hsa-miR-125b-5p
hsa-miR-675-5p
hsa-miR-101-3p
hsa-miR-148a-5p
hsa-miR-558
hsa-miR-455-5p
hsa-miR-29a-3p
hsa-miR-145-5p
hsa-miR-149-5p
hsa-miR-26a-5p
hsa-miR-483-5p
hsa-miR-93-5p
hsa-miR-193b-5p
hsa-miR-33a-3p
hsa-miR-210-5p
hsa-miR-199a-5p
hsa-miR-9-5p
hsa-miR-355-5p
hsa-miR-22-5p
hsa-miR-24-3p
hsa-miR-21-5p
hsa-miR-98-5p
hsa-miR-127-3p
hsa-miR-488-5p
hsa-miR-181b-5p

TABLE III.

Some of the above data sources as well as their interrelationship are demonstrated in Fig. 2.
R ESULTS AND D ISCUSSION

A. Results from Step One — Searching background literature
Table I demonstrates the searching results on background
literature, where a total of 30 candidate miRs were found to
likely regulate OA disease process.
B. Results from Step Two — Utilizing the OmniSearch tool
The OmniSearch software1 is housed on a server with the
following configuration: Intel(R) Core(TM) i7-3632 QM CPU
@ 2.80 GHz 2.80 GHz; 32.00 GB memory; and Windows
Server 8 Operating System. All results reported in this section
were conducted on personal computers with the following
configuration: Intel(R) Core(TM) i7-3632 QM CPU @ 2.50
1 OmniSearch

# of Putative
Target Genes by
Manual Search
8
4
1
2
1
1
1
1
1
4
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

# of Putative
Target Genes by
OmniSearch
25
13
2
3
3
3
2
3
2
9
3
5
3
3
2
2
3
2
3
3
5
2
3
3
2
2
2
3
2
3

% of
Increased Target
Gene Number
213%
225%
100%
50%
200%
200%
100%
200%
100%
125%
200%
150%
200%
200%
100%
100%
200%
100%
200%
200%
400%
100%
200%
200%
100%
100%
100%
200%
100%
200%

T HE SYSTEM TIME AND SAVED USER TIME DURING MI R
QUERYING

RNAcentral database [35]: A public resource that
offers integrated access to a comprehensive and upto-date set of non-coding RNA sequences.

IV.

D IFFERENT NUMBERS OF PUTATIVE TARGET GENES
RETURNED BY MANUAL SEARCH AND O MNI S EARCH

Regulating miR

using GO concepts, and each statement is based on a
specified piece of evidence.
•

TABLE II.

is accessible at: http://omnisearch.soc.southalabama.edu/ui
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Query

miR

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
Average

hsa-miR-140-5p
hsa-miR-146a-5p
hsa-miR-27a-3p
hsa-miR-34a-5p
hsa-miR-223-5p
hsa-miR-125b-5p
hsa-miR-675-5p
hsa-miR-101-3p
hsa-miR-148a-5p
hsa-miR-558
hsa-miR-455-5p
hsa-miR-29a-3p
hsa-miR-145-5p
hsa-miR-149-5p
hsa-miR-26a-5p
hsa-miR-483-5p
hsa-miR-93-5p
hsa-miR-193b-5p
hsa-miR-33a-3p
hsa-miR-210-5p
hsa-miR-199a-5p
hsa-miR-9-5p
hsa-miR-355-5p
hsa-miR-22-5p
hsa-miR-24-3p
hsa-miR-21-5p
hsa-miR-98-5p
hsa-miR-127-3p
hsa-miR-488-5p
hsa-miR-181b-5p
—————

System Time
(seconds)
2.71
3.89
3.74
5.23
3.39
7.29
3.32
10.25
0.56
3.97
2.19
1.05
0.73
3.25
1.78
2.66
3.67
2.23
1.07
11.51
3.35
1.97
3.95
3.28
2.19
3.29
5.25
7.39
1.91
2.87
3.67

User Time
(seconds)
11
9
12
7
10
8
5
12
5
15
9
5
6
5
4
8
9
9
8
9
12
9
10
7
13
10
5
15
7
11
8.8

Percentage of Saved
Time for Users
61%
62%
63%
54%
66%
69%
54%
74%
52%
67%
62%
53%
54%
64%
53%
54%
68%
56%
56%
76%
63%
62%
62%
54%
66%
69%
54%
74%
52%
67%
61.1%

GHz 2.50 GHz; 16.00 GB memory; and Windows 10 64-bit
Operating System.
1) Highly friendly user interface along with various searching, viewing, and saving options: We use hsa-miR-140-5p as

Fig. 3.

Actual contents of the saved search results on hsa-miR-140-5p (“Query Results for hsa-miR-140-5p-2016-08-17.csv”).

with the results by manual search, eight more predicted target genes were obtained by OmniSearch
for hsa-miR-146a-5p: RAC1, MSC, TLR4, SIKE1,
CXCL12, CXCL8, RARB, CDKN3, and EGFR.
Statistics on different numbers of putative target genes
returned by manual search and OmniSearch, respectively, is exhibited in Table II. Note that all putative
genes returned from the OmniSearch interface were
supported by one or more PubMed publications. These
results were also verified by two domain experts,
B. Liu (Department of Orthopedics, Shenzhen Luohu People’s Hospital) and Y. Liu (Department of
Orthopedics, Shenzhen People’s Hospital). For example, the eight additional target genes listed above
were supported by the following publications: PMID
25214035, PMID 23963696, PMIDs 26997759 and
27029214, PMID 23963696, PMID 23963696, PMID
26859141, PMID 27011326, PMID 26859141, and
PMIDs 26697527 and 26857280, respectively.

an example to demonstrate the friendly user interface design
and convenient options in the OmniSearch software tool.
•

Inside the filters panel in the user interface, appropriate radio buttons can be freely selected and applied
according to three filtering criteria: “Data Source
Filter,” “Validation Filter,” and “Publications Filter.”
This feature allows users to customize their search
results based on unique user needs, and to view these
results from various, customizable aspects as well.

•

Search results can be sorted on all columns in the
result table, e.g., by different ranking scores from
various prediction databases or by PMIDs, thereby
further facilitating users to discover results of interest.

•

Additional analysis can be conducted on retrieved
results, including DAVID and PANTHER analysis
(each having numerous analyzing options).

•

Upon completion of each search query answering,
users have the choice to save the search results for
all or customized rows, and, in two different formats:
tab-delimited text format or comma-separated values
(CSV) format. Note that self-explanatory file names
are automatically generated for users’ convenience,
“Target List for hsa-miR-140-5p-2016-08-17.txt” for
example. Fig. 3 shows the actual contents of the saved
file of “Query Results for hsa-miR-140-5p-2016-0817.csv.”

2) Effective and efficient search results: As demonstrated
in our earlier studies [15] [22], the OmniSearch software tool
is able to retrieve results in an effective and efficient manner.
That is, OmniSearch answers search queries with correct
(precise) results, and, in a more efficient manner compared
to conventional search methods.
Our experimental results reported in this paper show that:
•

OmniSearch returned meaningful results that were not
obtained in manual search. For example, compared
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•

OmniSearch was much more efficient than conventional search. We asked the aforementioned two domain experts to perform queries on 30 miRs using
their conventional methods; next, they performed the
same set of queries through the OmniSearch interface;
and finally, the saved time for both domain experts
were averaged and exhibited in Table III.
V.

C ONCLUSIONS

Osteoarthritis (OA) is the most common joint disease
worldwide, resulting in severe joint pain and significantly
decreased life quality in the elderly population. Due to the
lack of effective medicine that can reverse the degeneration of
articular cartilage, ultimately all OA patients need to receive an
artificial joint replacement surgery. Although the pathogenesis
and progression of OA has attracted large amounts of research
activities, most regulation mechanisms at genetic and genomics
level have not yet been completely understood. In this paper,
we introduce the utilization of OmniSearch, a semantic integration and search software tool, to facilitate the exploration

of important roles performed by different miRs on OA disease
process. We have obtained experimental results with good performance, in particular, regarding the software’s effectiveness
(accuracy) and efficiency. Our methodologies are demonstrated
to be promising in unraveling miR regulation mechanisms in
OA. As a result, the utilization of OmniSearch can help better
understand the OA pathogenesis and development at genetic
level, which, in turn, will make the early diagnosis of OA
possible. It can also facilitate clinical investigators to explore
more effective treatment for this serious disease in the future.
We plan to conduct wet-lab experiments in our future
work, including real-time quantitative PCR (qPCR) and dual
luciferase reporter assay, among others, to validate biological
functions of computationally putative miR::target gene pairs
output from the OmniSearch system.
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