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Abstract: MicroRNAs and long non coding RNAs (IncRNA) shows an encouraging trend in the therapeutics of Osteo-
arthritis (OA), but there are limited studies showing the functional role of IncRNAs and miRs in OA pathogenesis.
The study investigated the role of HOTAIR and its predicted target miR-17-3p in pathogenesis and identification of
novel drug target of OA. LncRNAs were identified qualitatively and quantitatively by gRT-PCR, ELISA and Western
blot analysis in C28/12 cells. Results showed that LPS induced cell injury, cell apoptosis and influx of inflammatory
cytokines (P<0.001) in C28/12 cells. Over-expression of HOTAIR aggravated LPS-induced cell viability inhibition, cell
apoptosis and inflammatory cytokines influx, while suppression of HOTAIR alleviated the injury (P<0.05). MiR-17-3p
is a target of HOTAIR. Suppression of HOTAIR reduced LPS-induced- cell proliferation inhibition, cell apoptosis and
inflammatory cytokines influx by overexpression of miR-17-3p, while suppression of miR-17-3p alleviated the injury
in C28/12 cells (P<0.05). Erythroblast transformation-specific translocation variant 1 (ETV1) is a target of miR-17-
3p. Overexpression of ETV1 promoted LPS-induced-cell proliferation inhibition, cell apoptosis and inflammatory
cytokines influx, while suppression of ETV1 alleviated the injury in C28/12 cells (P<0.01). Signaling of LPS-induced
cell injury was found to be via ETV1 by activation of MAPK/c-Jun and NF-kB pathways. In conclusion, LPS-induced
cell injury was found to be mediated via suppression of miR-17-3p and promotion of ETV1 expression by activation
of MAPK/c-Jun and NF-«kB pathways. HOTAIR and miR-17-3p can be a potential therapeutic target in OA patients.

Keywords: Osteoarthritis, miR-17-3p, HOTAIR, IncRNA, ETV1

Introduction

Osteoarthritis (OA) is a degenerative disease
that involves the entire synovial joint, encom-
passing the cartilage, synovium, and the under-
lying bony structure. Gradual loss of articular
cartilage is attributed to the independent
capacities of the cells of these tissues to initi-
ate and respond to the injury in the joint [1].
In OA, the degeneration of cartilage happens in
2 phases-a biosynthetic phase and a degrada-
tive phase [2]. The biosynthetic phase is
marked by the attempt of chondrocytes to
repair the extracellular matrix. In the degrada-
tive phase the enzymes produced by chondro-
cytes, such as matrix metalloproteinases

(MMPs), disintegrin, and metalloprotease with
thrombospondin motifs (ADAMTSs) [2], digest
the matrix resulting in the inhibition of matrix
synthesis and consequent erosion of matrix [1].
Since OA lesions are localized on weight bear-
ing cartilages and trauma sites, chondrocytes
are generally accepted as the target of the
resultant biomechanical factors contributing to
alterations in the normal functioning of these
cells [3]. Various biochemical and genetic fac-
tors too cause these cellular alterations [3].
Therefore, it is very important to study the
mechanism of inflammatory injury of cartilage
cells in order to understand the underlying
pathogenesis and to identify novel drug targets
for osteoarthritis.



Role of HOTAIR and miR-17-3p in osteoarthritis

Epigenetic effects such as histone modifica-
tion, DNA methylations and noncoding RNAs
are likely to be implicated in OA [4, 5]. Non cod-
ing RNAs are particularly shown to play an
important role in development of OA [6]. Ge-
nerally, non coding RNAs are of various types,
short non coding RNAs (micro RNA), long non
coding RNAs (IncRNAs) and the classic rRNAs,
tRNAs and snRNAs. MicroRNAs are the most
well studied non coding RNAs shown to be dif-
ferentially expressed in osteoarthritic and nor-
mal cartilage [7].

In the human genome, a relatively large amount
of sequence generates non-protein-coding RNA
that are crucial in translation, RNA splicing, and
gene regulation [2]. The long non-coding RNAs
(IncRNAs) are this class of non-coding RNAs
that have more than 200 nucleotides without
an open reading frame [2]. They regulate key
cellular processes such as cell proliferation,
apoptosis, and cell differentiation [8]. Some
examples are of IncRNA H19 (an attractive
marker for cell anabolism in cartilage and cul-
tured chondrocytes) and Inc RNA maternally
expresses gene 3 (MEG3) which was shown to
be downregulated in OA cartilage samples than
when compared to the normal control and MEG
3 could regulates angiogenesis contributing to
OA development [8]. Elevated levels of IncRNA
prostate cancer gene expression marker 1
(PCGEM1) was seen in osteoarthritic synovio-
cytes [8]. IncRNA growth arrest-specific 5
(GASDH) was found to be overexpressed in chon-
drocytes of OA patients when compared to nor-
mal chondrocytes [9]. Studies done on tem-
poromandibular joint in OA patients show a
significant upregulation in HOTAIR in the syno-
vial fluids when compared to normal controls
[2]. Similarly, HOTAIR levels were high in the
synovial fluids of temporomandibular joint in
animal (rabbit) model of OA when compared
to the normal rabbits [2]. Additionally, interleu-
kin (IL)-1B treatment in chondrocytes isolated
from the temporomandibular joint condylar
cartilage of New Zealand white rabbits dra-
matically enhanced the expression of MMP-1,
MMP-3, and MMP-9. These effects were re-
versed by HOTAIR knockdown [2]. Thus it can
be said that differently expressed IncRNAs are
associated in the pathogenesis of OA, especial-
ly HOTAIR which is involved in the upregulation
of MMPs contributing to OA. Further exploration
of these non protein coding RNAs can help in
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understanding this potential target for OA ther-
apy [8].

Though there are no studies that report the
direct association of miRNAs and OA. Suarez et
al demonstrated that miRNA regulated TNF-
mediated inflammation in the endothelial cells
Transfections with the mimics of these miRNAs
reduced neutrophil adhesion to endothelial
cells, suggesting a negative feedback inhibition
of inflammation by miRNAs [10].

Therefore, the present study has been under-
taken to study the differentially expressed
IncRNA (HOTAIR) and its predicted target genes
in human articular chondrocyte C28/12 cells
using quantitative reverse transcription poly-
merase chain reaction (qRT-PCR), western blot
and ELISA.

Materials and methods
Cell culture and treatment

Human cartilage C28/12 cells were purchased
from the American Type Culture Collection
(Manassas, VA). RPMI-1640 medium supple-
mented with 10% FBS was used to culture the
cells in a humidified incubator containing 5%
CO, at 37°C. The purified cells were frozen
between fifth and tenth passages and were
maintained in growth mediumina 75 cm? flask.
It was made sure that fresh medium was added
to cells every 3 days until confluence was
achieved. All experiments were done using cells
at passage 10 or below. The cells were treated
by LPS for 12 h.

CCK-8 assay

Cells were seeded in 96-well plate with 5000
cells/well. The cell proliferation was determined
by a Cell Counting Kit-8 (CCK-8, Dojindo
Molecular Technologies, Gaithersburg, MD).
Briefly, the CCK-8 solution was added to the
culture medium after stimulation, and the cul-
tures were incubated for 1 hour at 37°C in
humidified 95% air and 5% CO,. A microplate
reader (Bio-Rad, Hercules, CA) was used to
measure the absorbance at 450 nm using a
Microplate Reader.

Apoptosis assay

The cell apoptosis assay was conducted using
propidium iodide (Pl) and fluorescein isothiocy-
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nate (FITC)-conjugated Annexin V staining. The
cells were washed in phosphate buffered saline
(PBS) and fixed in 70% ethanol. Further, the
fixed cells were washed in PBS twice and
stained in PI/FITC-Annexin V in the presence of
50 pg/ml RNase A (Sigma-Aldrich), and then
incubated for 1 h at room temperature in the
dark. Flow cytometry analysis was done by
using a FACS can (Beckman Coulter, Fullerton,
CA, USA). The data were analyzed by using
FlowJo software.

qRT-PCR

The total RNA was extracted from cells using
Trizol reagent (Life Technologies Corporation,
Carlsbad, CA, USA) according to the manufac-
turer’s instructions.

The real time PCR analysis was done using
One Step SYBR® PrimeScript® PLUS RT-RNA
PCR Kit (TaKaRa Biotechnology, Dalian, China)
to test the expression levels of HOTAIR. Tag-
man MicroRNA Reverse Transcription Kit and
Tagman Universal Master Mix Il with the
TagMan MicroRNA Assay of miR-17-3p and U6
(Applied Biosystems, Foster City, CA, USA) were
used for testing the expression levels of miR-
17-3p in cells. Runx2 was tested using RNA
PCR Kit (AMV) Ver.3.0 (TakaRa Biotechnology,
Dalian, China). The GAPDH was used as the
internal control in this study for normalizing
fold changes by relative quantification (222)
method.

Transfection and generation of stably trans-
fected cell lines

Short-hairpin  RNA directed against human
IncRNA HOTAIR was ligated into the U6/GFP/
Neo plasmid (GenePharma, Shanghai, China)
and was referred as to sh-HOTAIR. The com-
plete length of HOTAIR and ETV1 sequences
and short-hairpin RNA directed against ETV1
was constructed in pEX-2 and U6/GFP/Neo
plasmids (GenePharma), respectively. They
were referred to as pEX-HOTAIR, pEX-ETV1 and
sh-ETV1. The lipofectamine3000 reagent (Life
Technologies Corporation, Carlsbad, CA, USA)
was used for cells transfection according to the
manufacturer’s instructions. The plasmid carry-
ing a non-targeting sequence was used as a
negative control (NC) of sh-HOTAIR and sh-ETV1
that was referred to as sh-NC. The stably trans-
fected cells were selected by the culture medi-
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um containing 0.5 mg/ml G418 (Sigma-Aldrich,
St Louis, MO, USA) and G418-resistant cell
clones were established after approximately 4
weeks. MiR-17-3p mimics, inhibitors and their
respective NC were synthesized (Life Techno-
logies Corporation, MD, USA) and transfected
into cells in the study. The highest transfection
efficiency occurred at 48 h and thus 72 h post-
transfection was considered as the harvest
time in the subsequent experiments.

Reporter vectors constructs and luciferase
reporter assay

The miR-17-3p binding site of HOTAIR was
amplified and cloned into a pmiRGIO Dual-
luciferase  miRNA Target Expression Vector
(Promega, Madison, WI, USA) to form the re-
porter vector HOTAIR wild type (HOTAIR-Wt).
The putative binding site sequence of miR-17-
3p in the HOTAIR was replaced and being
referred to as HOTAIR-mutated-type, HOTAIR-
Mt. The vectors and miR-17-3p mimics were co-
transfected into HEK 293T cells, and the Dual-
Luciferase Reporter Assay System (Promega,
Madison, WI, USA) was used to test the lucifer-
ase activity.

ELISA

Culture supernatants were collected from
24-well plates and the concentrations of inflam-
matory cytokines were measured by enzyme-
linked immunosorbent assay (ELISA) as per
manufacturer’s instructions (R&D Systems,
Abingdon, UK).

Western blot

For Western blotting, the protein was extracted
using RIPA lysis buffer (Beyotime Biotechnology,
Shanghai, China) supplemented with protea-
se inhibitors (Roche, Guangzhou, China). The
BCA™ Protein Assay Kit (Pierce, Appleton, WI,
USA) was used to quantify the proteins. Western
blot system was established using a Bio-Rad
Bis-Tris Gel system according to the manufac-
turer’s instructions. Briefly, in the analysis, the
primary antibodies were prepared in 5% block-
ing buffer at a dilution of 1:1,000. Further, they
were incubated with the membrane at 4°C
overnight, followed by a wash and incubation
with the secondary antibody linked to horserad-
ish peroxidase for 1 hour at room temperature.
After rinsing, the polyvinylidene difluoride
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Figure 1. LPS induced cell injury and promoted expression of inflammatory cytokines in human articular chondrocyte C28/12 cells. A: LPS inhibited cell viability.
B: LPS promoted cell apoptosis. C and D: LPS promoted expression of inflammatory cytokines (mRNA and ELISA). Data were expressed as mean + SD. ""P<0.01,
*P<0.001, ""P<0.0001.
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Figure 2. LPS induced the expression of HOTAIR in
C28/12 cells. Data were expressed as mean + SD.
P<0.01.

(PVDF) membrane carried blots and antibodi-
es were transferred into the Bio-Rad Che-
miDoc™ XRS system. Around 200 plI of Immo-
bilon Western Chemiluminescent HRP Subs-
trate (Millipore, MA, USA) was added to cover
the membrane surface. The signals were
recorded and the intensity of the bands was
quantified using Image Lab™ Software (Bio-
Rad, Shanghai, China).

Statistical analysis

The results were replicated thrice to ensure
consistency and are represented as the mean
+ SD values. All the statistical analyses were
conducted using Graphpad 6.0 statistical soft-
ware. A P-value of <0.05 was considered for a
statistically significant result.

Results

LPS induced cell injury and expression of
inflammatory cytokines in human articular
chondrocyte C28/12 cells

Human articular chondrocyte C28/12 cells were
incubated with different concentrations of LPS
(A pg/ml, 5 yg/ml, and 10 pyg/ml) and were
assessed for cell viability, apoptotic cells (esti-
mation of apoptosis related factors Bax and
Bcl-1) and presence of inflammatory cytokines
(interleukins and tumour necrosis factor-alpha).
LPS reduced cell viability by inducing cell injury
in a concentration-dependent manner (Figure
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1A). The apoptotic cells were higher in number
at 10 pg/ml concentration of LPS (Figure 1B).
LPS induced the expression of apoptotic genes
(Bax) in human articular chondrocyte C28/12
cells in a concentration-dependent manner.
The expression of anti-apoptotic factor Bcl-2
was decreased while that of pro-apoptotic fac-
tor (Bax) (Figure 1B). In human articular chon-
drocyte C28/12 cells treated with LPS, both the
MRNA expressed and the amount of inflamma-
tory cytokines, including IL-1B3, IL-6, IL-8 and
tumour necrosis factor-alpha (TNF-&) were
increased when compared to the correspond-
ing control group (P<0.01, Figure 1C and 1D).

LPS induces the expression of HOTAIR in hu-
man articular chondrocyte C28/12 cells

HOTAIR expression was significantly increased
(P<0.01) in human articular chondrocyte c28/
12 cells following treatment with LPS compared
to the control group cells as shown in Figure 2.

Overexpression of HOTAIR further aggravates
LPS-induced cell injury and expression of
inflammatory cytokines, and while suppression
of HOTAIR alleviates the injury

As shown in Figure 3A, the relative mRNA
expression of HOTAIR was significantly higher in
cells transfected with pEx-HOTAIR compared to
control group of cells (P<0.01). The cell viability
was found to be aggravated in shHOTAIR cells
(P<0.05) with overexpression of HOTAIR (Figure
3B). The apoptotic cells were higher in trans-
fected cells with pEx-HOTAIR when compared
to the control group (P<0.05) as shown in
Figure 3C. The inflammatory cytokines were
highest in pEx-HOTAIR group (P<0.05) when
compared to the control group as shown in
Figure 3D. Further, suppression of HOTAIR
seems to stop the injury in the human articular
chondrocyte C28/12 cells.

HOTAIR negatively regulates miR-17-3p, miR-
17-3p is a target of HOTAIR

Relative mRNA expression of miR-17-3p was
significantly suppressed (P<0.05) in cells trans-
fected with pEx-HOTAIR compared to control
group of cells and vice versa (P<0.05, Figure
4A). MiR-17-3p was found to be a target for
HOTAIR in the relative luciferase activity. The
relative luciferase activity percentage was
found to be higher in the mutated HOTAIR than
in the wild type (Figure 4B).

Int J Clin Exp Pathol 2017;10(9):9146-9157
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Figure 3. Overexpression of HOTAIR further aggravates LPS-induced cell injury and expression of inflammatory cyto-
kines. A: Overexpression and suppression of HOTAIR in C28/12 cells. B: Overexpression of HOTAIR aggravates LPS-
induced cell viability inhibition, and while suppression of HOTAIR alleviates the injury. C: Overexpression of HOTAIR
further aggravates LPS-induced cell apoptosis, and while suppression of HOTAIR alleviates the injury. D: Overexpres-
sion of HOTAIR further aggravates LPS-induced expression of inflammatory cytokines, and while suppression of
HOTAIR alleviates the injury. Data were expressed as mean + SD. "P<0.05, “"P<0.01.
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Figure 4. MiR-17-3p is a target of HOTAIR. A: HOTAIR negatively regulates miR-
17-3p. B: Relative luciferase activity showed that miR-17-3p is a target of HO-

TAIR. Data were expressed as mean + SD. “P<0.05.

Suppression of HOTAIR reduces cell injury by
overexpression of miR-17-3p

Figure BA shows that expression of miR-17-3p
was significantly increased (P<0.01) in cells
after transfection with miR-17-3p mimic and it
was significantly decreased (P<0.01) in pres-
ence of miR-17-3P inhibitor. As shown in Figure
5B, the cell viability percentage was higher in
transfected cells with sh-HOTAIR (P<0.01).
Even the apoptotic cells were found to be high-
er in sh-HOTAIR cells in Figure 5C (P<0.01). As
per Figure 5D, the inflammatory cytokines were
higher in transfected cells sh-HOTAIR in the
presence of miR-17-3P inhibitor (P<0.001).

MIiR-17-3p negatively regulates ETV1, and
ETV1 is a target of miR-17-3p

MiR-17-3p suppressed the expression of eryth-
roblast transformation-specific translocation
variant 1 (ETV1) when compared to the control
group (P<0.05, Figure 6A). The relative mRNA
expression of ETV1 was found to be the lowest
in miR-17-3p mimic cells as per the western
blot analysis. ETV1 was found to be a target for
HOTAIR in the relative luciferase activity. The
relative luciferase activity percentage was
found to be higher in the miR-17-3p mimic
group (P<0.05, Figure 6B).

Overexpression of ETV1 promotes LPS-induced
cell injury, and while suppression of ETV1 al-
leviates cell injury

Figure 7A shows that the expression of ETV1
was significantly (P<0.01) increased following
transfection with pEx-ETV1. The relative mRNA
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0 miR-17-3p mimic

expression of ETV1 was fo-
und to be the lowest in sh-
ETV1 cells as per the west-
ern blot analysis. As shown
in Figure 7B, the cell viability
4 percentage was higher in
transfected cells with sh-
ETV1 (P<0.05). Even the ap-
optotic cells were found to
be higher in sh-ETV1 cells in

-

& Figure 7C when compared to
& the control group (P<0.05).
As per Figure 7D, the inflam-
matory cytokines were high-
er in transfected cells pEx-
ETV1 when compared to the

control group (P<0.05).
Signaling of LPS-induced cell injury via ETV1

ETV1 promoted LPS-induced cell injury by acti-
vation of MAPK/c-Jun and NF-kB pathways as
shown in Figure 8.

Discussion

Osteoarthritis (OA) is a widespread joint disor-
der resulting from chronic inflammatory
responses owing to joint instability, aging, and
obesity. Genetic studies involving several family
groups and twin studies indicate the associa-
tion of epigenetic effects such as histone modi-
fications, DNA methylations and noncoding
RNAs with OA susceptibility [4, 5].

MicroRNAs (miRs) are the most well studied
short noncoding RNA observed to be differen-
tially expressed in osteoarthritic and normal
cartilages. miR-9 is known to be upregulated [7,
11] in osteoarthritic cartilage and expression of
miR-27a, miR-140 and miR-146 is decreased
[11-14]. Specific expression of miRs such as
miR-455, miR-381, miR-193b and miR-92b
[15] during chondrogenesis have been shown
in several studies Potential role of miRs have
been demonstrated in vitro and in vivo in the
genesis and development of OA [16, 17].

In recent times, a lot of attention is being
grabbed by long non coding RNAs (IncRNA),
which are known to be pervasively transcribed
in mammalian genome [18]. The IncRNAs are
implicated in a large number of regulatory pro-
cesses, where they have multiple functions to
perform. The first discovered IncRNA, HOTAIR
has been largely studied in the context of tumor
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Figure 5. Suppression of HOTAIR reduces cell injury by overexpression of miR-17-3p. A: Overexpression and sup-
pression of miR-17-3p in C28/12 cells. B: Suppression of HOTAIR reduced LPS-induced cell proliferation inhibition
by overexpression of miR-17-3p, and while suppression of miR-17-3p alleviates the injury. C: Suppression of HOTAIR
reduced LPS-induced cell apoptosis by overexpression of miR-17-3p, and while suppression of miR-17-3p alleviates
the injury. D: Suppression of HOTAIR reduced LPS-induced cell inflammatory cytokines expression by overexpres-
sion of miR-17-3p, and while suppression of miR-17-3p alleviates the injury. Data were expressed as mean + SD.
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Figure 6. MiR-17-3p negatively regulates ETV1, and

ETV1is a target of miR-17-3p. A: miR-17-3p negative-
ly regulated ETV1. B: ETV1 was a target of miR-17-

3p. Data were expressed as mean + SD. “"P<0.05,
**P<0.01.

biology and has found to be associated with
spermiogenesis [16], aortic valve calcification
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[17], neurodegeneration diseases [19] and
hepatitis B virus-induced liver carcinogenesis
[20]. The genetic variants of HOTAIR were
observed to have led to the risk of osteosarco-
ma [19]. It was identified that HOTAIR was
expressed in OA cartilage in higher levels when
compared to the normal samples [14]. However,
the expression profile and potential biological
function of HOTAIR in the OA is less known.

In the present study, we compared the expres-
sion profile of INcRNAs, particularly HOTAIR in
OA samples. We report that overexpression of
HOTAIR aggravated LPS-induced cell injury,
LPS-induced cell apoptosis and a spike in LPS-
induced expressions of inflammatory cytokines
in the human articular chondrocytes C28/12
cells (Figure 3). This implicates the participa-
tion of HOTAIR in regulating osteogenic differ-
entiation during OA.

Bioinformatics software reports the comple-
mentarity in the sequence of HOTAIR and miR-
17-5p, suggesting some role of HOTAIR in the
regulation of this miR-17/92 cluster [21]. The
upregulation/downregulation of HOTAIR in
osteogenic differentiation related parameters
were observed to be reversed by upregulation/
downregulation+ of miR-17-5p target gene
SMAD?7, strengthening the role of HOTAIR in
osteogenesis through modulating the expres-
sion of miR-17-5p and its target gene SMAD7
[22]. Independent prediction analysis tools
identified a conserved binding site of ETV1 as a
possible target of miR-17. Knockdown experi-
ments of ETV1 and ETV1-specific siRNA affects
the overexpression of miR-17 [23].

The effects and mechanisms of IncRNA HOTAIR
on the LPS-induced C28/12 cell injury in the
present study revealed very promising results it
showed that LPS induced the expression of
HOTAIR. Overexpression of HOTAIR further
aggravated cell injury in C28/12 cells, and while
suppression of HOTAIR inhibited the cell injury.
Further studies showed that miR-17-3p was a
target of HOTAIR, and HOTAIR negatively regu-
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Figure 7. Overexpression of ETV1 promotes LPS-induced cell injury, and while suppression of ETV1 alleviates cell in-
jury. A: Overexpression and suppression of ETV1 in C28/12 cells. B: Overexpression of ETV1 promoted LPS-induced
cell proliferation inhibition, and while suppression of ETV1 alleviated the injury. C: Overexpression of ETV1 pro-
moted LPS-induced cell apoptosis, and while suppression of ETV1 alleviated the injury. D: Overexpression of ETV1
promoted LPS-induced cell inflammatory cytokines expression, and while suppression of ETV1 alleviated the injury.
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Figure 8. Signaling of LPS-induced cell injury via
ETV1. ETV1 promoted LPS-induced cell injury by acti-
vation of MAPK/c-Jun and NF-kB pathways.

lated the expression of miR-17-3p (Figures 4
and 5). In addition, we found that HOTAIR regu-
lated the inflammatory injury by down-regula-
tion of miR-17-3p. Moreover, our findings sug-
gested that miR-17-3p negatively regulated
ETV1, and ETV1 was a target of miR-17-3p
(Figure 6A and 6B). Overexpression of ETV1
promotes LPS-induced cell injury, and while
suppression of ETV1 alleviates cell injury
(Figure 7A and 7B). Besides, the results showed
that ETV1 could regulate the inflammatory
damage of C28/12 cells by activation of MAPK/
c-Jun and NF-kB pathways (Figure 8).

We are aware of the limitations of the study
where we are providing indirect experimental
evidences to indicate the functional links
between IncRNA (HOTAIR) and its predicted tar-
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get in OA. But yet, it leaves scope for further
research in confirming our predictions of th-
ese target genes and demonstrating their func-
tional role in cartilage degeneration and
osteogenesis.

In summary, the study provides the expression
profile/levels of IncRNAs in chondrocytes and
attempts to validate them by studying the pos-
sible underlying mechanisms of the target
genes and their pathways. These findings sug-
gests that IncRNA HOTAIR is a potential bio-
marker for OA diagnosis and therapeutics,
However, this also warrants further exploratory
studies to understand the molecular mecha-
nisms and biological functions of IncRNAs in OA
pathogenesis.
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