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Abstract

Objective—Cyclooxygenase-2 (COX-2) expression is associated with the pathogenesis of
chronic inflammation and pain in osteoarthritis (OA). A study was undertaken to determine
whether interleukin-1p (IL-1B)-mediated induction of COX-2 can be regulated by microRNAs
(miRNAS) in OA.

Methods—Human chondrocytes were stimulated with IL-1f in vitro. Total RNA was prepared
using Trizol reagent. Gene expression was quantified using TagMan Assays and miRNA targets
were identified using bioinformatics. Transfection with reporter construct and premiRNA and
antimiRNA was employed to verify suppression of target mRNA. Expression of COX-2 proteins
was determined by immunoblotting. The role of activated p38-MAPKSs was evaluated using
specific inhibitor.

Results—The 3’'UTR of COX-2 mRNA contained the ‘seed-matched’ sequences for miR-199a*
and miR-101_3. Increased expression of COX-2 correlated with the downregulation of miR-199a*
and miR-101_3 in IL-1p-stimulated normal and OA chondrocytes. miR-199a* directly suppressed
the luciferase activity of a COX-2 3'UTR reporter construct and inhibited the IL-1p-induced
expression of COX-2 protein in OA chondrocytes. Modulation of miR-199a* expression also
caused significant inhibition of IL-1B-induced upregulation of mMPGESL1 and prostaglandin Eo
production in OA chondrocytes. Activation of p38-MAPK downregulated the expression of
miR-199a* and induced COX-2 expression. Treatment with antimiR-101_3 increased COX-2
expression in IL-1f-stimulated chondrocytes, but overexpression of miR-101_3 had no significant
effect on COX-2 protein expression.

Conclusions—miR-199a* is a direct regulator of COX-2 expression in OA chondrocytes.
IL-1B-induced activation of p38-MAPK correlates inversely with miR199a* expression levels.
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miR-199a* may be an important regulator of human cartilage homeostasis and a new target for
OA therapy.

INTRODUCTION

MicroRNAs (miRNAs) are endogenous small (approximately 22 nucleotide) RNAs and
mediate gene regulatory events by pairing with target mMRNAs and suppressing their
expression. Hundreds of miRNAs have been identified so far, many of which are conserved
and predicted to regulate the expression of one-third of mammalian genes.! In the last few
years it has become clear that miRNAs play an important role in many human diseases
including rheumatoid arthritis (RA) and osteoarthritis (OA).2~2 OA is a debilitating disease
which probably evolves from a local inflammatory response to a chronic process with a
variable degree of inflammation and degeneration of articular cartilage leading to the
exposure of underlying bone, pain and disability.1911 The role of miRNAs in maintaining
cartilage homeostasis during development and their dysregulation in OA has also recently
been shown.12-15 There is strong evidence for a key role of interleukin-1p (IL-1f) in the
pathogenesis of OA,16 and the altered expression of miRNAs in OA and RA and in
regulating the expression of matrix metalloproteinases (MMPs), ADAMTS-5, tumour
necrosis factor a and insulin-like growth factor binding protein 5 (IGFBP-5) in OA has
previously been reported.131517-23 The expression of miR-146a was found to be induced by
IL-1p and linked to pain-related pathology of OA; overexpression of miR-146a was found to
be associated with upregulation of Aggrecan and COL2A1 expression in IL-1p-stimulated
OA chondrocytes.?224 Silencing of miR-34 was shown to reduce 1L-1B-induced apoptosis in
rat knee chondrocytes.2> The expression of miR-140 is high in normal cartilage but low in
OA, and miR-140 knockout mice develop OA-like pathology with age.151° IL-1B-mediated
overexpression of cyclooxygenase-2 (COX-2) strongly contributes to the inflammation and
cartilage degeneration in OA via prostaglandin E, (PGE,) production.2627 As miRNAs are
novel selective regulators of gene expression and probably have an important functional role
in cartilage homeostasis, we determined whether the expression of COX-2 is regulated by
specific miRNAs in human OA chondrocytes. We also determined the role of IL-15 and the
activated signalling events in modulating the expression of COX-2 mRNA and the miRNAs
that regulate COX-2 expression and PGE, production. These results may be of value in the
design of novel therapies for the treatment of OA.

METHODS

Clinical samples

OA was diagnosed according to the American College of Rheumatology criteria.282° OA
cartilage samples were obtained from 46 patients with OA undergoing total joint
arthroplasty at our hospital. It is important to note that these patients must have been treated
with non-steroidal anti-inflammatory drugs (NSAIDs) but were unlikely to be on NSAIDs at
the time of surgery since a 7-10-day washout period is required prior to surgery. Normal
cartilage samples were taken from trauma patients with no known history of OA or RA
(n=7).
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Chondrocyte isolation and culture

Macroscopic cartilage degeneration was determined by staining with India ink.30 Portions of
the cartilage with a smooth articular surface were used to prepare chondrocytes as
previously described.173132 Primary chondrocytes at 80% confluence were used for all the
experiments described here.

Treatment of chondrocytes and preparation of microRNAs

OA chondrocytes were serum-starved overnight and then stimulated with IL-1p (5 ng/ml;
R&D Systems, St Paul, Minnesota, USA) or p38-MAPK inhibitor (SB202190 100 uM; A G
Scientific Inc, San Diego, California, USA) for the indicated time and total RNA was
prepared using the TRIZOL reagent (Invitrogen, Carlsbad, California, USA). MicroRNAs
were purified using the mirVANA kit according to the manufacturers’ instructions (Applied
Biosystems, Foster City, California, USA).

Reverse transcription and quantitative RT-PCR analysis

Five hundred nanogram of genomic DNA-free total RNA was reverse-transcribed using
QuantiTect Reverse Transcription Kit (Qiagen, Chatsworth, California, USA) according to
the manufacturer’s protocol. The expression of COX-2 mRNA and mature miRNASs was
quantified using the TagMan Gene Expression Assays (Applied Biosystems). RNU6B/
glyceraldehyde 3-phosphate dehydrogenase expression was used as an endogenous control.
A threshold cycle (Cy) was observed in exponential phases of amplification and
quantification of relative expression levels was determined by the AAC; method. The value
of each control sample was set at 1 and was used to calculate the fold change in mMRNA/
miRNA expression.

Luciferase reporter assay

A luciferase reporter vector containing the entire 3’UTR of COX-2 mRNA (NM_000963.2)
was obtained commercially (SwitchGear Genomics, Menlo Park, California, USA). Empty
vector containing only luciferase gene and its constitutively active promoter was used as
control. OA chondrocytes were co-transfected with 100 ng reporter plasmid, 50 and 100 nM
selected premiRNAs (Qiagen, Hilden, North Rhine-Westphalia, Germany) or negative
control miRNAs (Ambion, Austin, Texas, USA) using HiPerfect Transfection Reagent
(Qiagen) in a 96-well plate. Cell lysates were harvested 24 h after transfection and luciferase
activity was assayed using a kit (Promega, Madison, Wisconsin, USA) and was measured
using the EnSpire 2300 Multilabel Reader (Perkin Elmer, Waltham, Massachusetts, USA).
The luciferase activity of COX-2 construct co-transfected with premiRNA was derived after
subtracting the value of COX-2 construct co-transfected with negative control miRNA. Each
experiment was performed in triplicate.

Modulation of COX-2 expression by premiRNAs and antimiRNAs in human OA
chondrocytes

Human primary OA chondrocytes were transfected with selected premiRNAs and
antimiRNAs (Qiagen) by nucleofection optimised for use with human articular chondrocytes
using the Amaxa Human Chondrocytes Nucleofector kit (Lonza, Cologne, Germany).
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Western blot analysis

Control and treated or transfected primary OA chondrocytes were washed with cold
phosphate buffered saline and lysed using the cell lysis buffer and the blots were prepared as
previously described.33 Membranes were blocked with blocking buffer containing non-fat
dry milk powder in Tris-buffered saline containing 0.1% Tween-20 (TBS-T) and probed
with 1:1000 diluted antiCOX-2, anti-B-actin and 1:250 diluted ant-imPGES1 primary
antibodies (Cell Signaling Technologies, Beverley, Massachusetts, USA; Santa Cruz
Biotechnology, Santa Cruz, California, USA; Cayman Chemicals, Ann Arbor, Michigan,
USA). After extensive washing, immunoreactive proteins were visualised by using
horseradish peroxidase-linked secondary antibodies and enhanced chemiluminescence (GE
Healthcare, Milwaukee, Wisconsin, USA). Images were captured using the AFP-Imaging
System (Minimedical Series, EIms Ford, New York, USA) and analysed using the UN-
SCAN-IT software (Silk Scientific Corporation, Idaho, Utah, USA). Each band was scanned
three times with background correction and values were expressed as average pixel/band.

Measurement of PGE2 production

Levels of PGE, in chondrocyte culture supernatant were quantified using a commercially
available prostaglandin E, EIA kit (Enzo Life Sciences, Farmingdale, New York, USA)
according to the manufacturers’ instructions.

Statistical analysis

Comparisons were performed using Origin 6.1 software package (one paired two-tailed t test
with one-way analysis of variance and Tukey post hoc analysis) and p<0.05 was considered
significant.

RESULTS

Computer prediction of miRNAs targeting 3’"UTR of COX-2 mRNA (NM_000963.2)

MIRANDA (http://www.microrna.org), TargetScan (http://www.targetscan.org) and PicTar
(http://pictar.mdc-berlin.de/) were used to identify the miRNAs targeting COX-2 3’UTR and
four selected miRNAs (miR-199a*, miR-101_3, miR-26a and miR-26b) with seed-matched
sequence in the 3’'UTR of COX-2 mRNA for further studies. Predicted duplex of selected
miRNAs with seed-matched sites in the 3’UTR of human COX-2 mRNA are shown in
figure 1A-D. These findings suggest that the identified miRNAs might target the COX-2
mRNA by directly recognising the respective seed-matched sequences present in the 3UTR.

Basal expression levels of COX-2, miR-199a*, miR-101_3, miR-26a and miR-26b in OA and
non-OA-derived chondrocytes

A high level of COX-2 expression has been found in the synovium and cartilage in arthritis
and selective inhibition of COX-2 may result in amelioration of the disease.2” To determine
if the expression levels of the selected miRNAs and COX-2 expression correlate in OA,
expression of mMiRNAs and COX-2 was analysed by real-time PCR and western
immunoblotting, respectively (figure 2). OA chondrocytes had higher levels of COX-2
mMRNA and protein expression than chondrocytes from non-OA individuals (figure 2A, B).
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Interestingly, in chondrocytes derived from OA cartilage, the expression of miR-199a* was
significantly lower (~4.5-fold; p<0.05) compared with normal chondrocytes (figure 2C).
However, the expression levels of miR-26a and miR-26b were significantly higher (~8.2-
fold and ~5.4-fold, respectively) in OA chondrocytes compared with normal chondrocytes
(figure 2C; p<0.05). The expression level of miR-101_3 was not significantly different
between OA and non-OA chondrocytes.

Correlation between IL-18-stimulated COX-2 production and expression of selected
miRNAs in normal and OA chondrocytes

IL-1B stimulation resulted in increased expression of COX-2 mRNA and protein in OA
chondrocytes (figure 3A, B; p<0.05). Importantly, IL-13-stimulated OA chondrocytes also
showed a significant downregulation of miR-199a* expression 24 h after stimulation (~3.7-
fold) but not at 6 h when COX-2 protein expression was lower (figure 3C; p<0.05). Similar
inverse correlation between miR-199a* expression (~2.4-fold) and COX-2 protein was also
observed when normal chondrocytes were stimulated with I1L-1f (figure 3D-F; p<0.05). The
expression of miR-101_3 was also significantly downregulated by IL-1f in both normal
(~2.0-fold) and OA chondrocytes (~1.2-fold; n=19) and showed the same inverse correlation
with COX-2 protein expression in these cells as was observed for miR-199a* (figure 3;
p<0.05). No significant change in miR-26a and miR-26b expression was observed after
stimulation with IL-1f in normal or OA chondrocytes (figure 3; p<0.05).

Overexpression of miR-199a* inhibits the activity of the reporter vector

To test whether the 3’UTR of COX-2 is a functional target of the computer predicted
miRNAs, we used a COX-2 3’UTR luciferase reporter vector containing the seed-matched
sites for the identified miRNAs. A marked concentration-dependent reduction in luciferase
activity (50-60%) was observed in chondrocytes co-transfected with premiR-199a* at 24 h
(figure 4A; p<0.05). Co-transfection of COX-2 reporter with premiR-101_3 also showed a
decrease in luciferase activity of ~30% (figure 5A; p<0.05). In contrast, co-transfection of
the reporter vector with either premiR-26a or premiR-26b had no significant effect on the
luciferase activity (data not shown). The luciferase activity of COX-2 reporter was
downregulated by ~60% when co-transfected with both miR-199a* and miR-101_3 (10 nM
each), suggesting a synergistic effect (figure 5A; p<0.05). These results demonstrated that
miR-199a* and miR-101_3 both bind the seed sequence present in the 3’UTR of human
COX-2 mRNA, but the inhibitory effect on luciferase activity was more pronounced for
miR-199a*.

miR-199a* directly and miR-101_3 indirectly regulate the expression of COX-2 protein in
human chondrocytes

In these studies, transfection with premiR-199a* dramatically reduced COX-2 protein
expression at 72 h up to ~62% (figure 4B; p<0.05), while transfection with miR-199a*
antagomir showed an increase in COX-2 protein expression of 19-35% in IL-1p-stimulated
OA chondrocytes (figure 4C; p<0.05). As expected, negative control premiRNA or negative
control-antimiRNA had no effect on IL-1B-induced COX-2 protein expression in OA
chondrocytes (figure 4D, E; p<0.05). IL-1B-stimulated OA chondrocytes transfected with
premiR-101_3 showed a trend towards inhibition of COX-2 expression, but the level did not
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reach statistical significance (figure 5B; p>0.05). Interestingly, transfection of OA
chondrocytes with the miR-101_3 inhibitor resulted in a dose-dependent increase in COX-2
protein expression upon IL-1B-stimulation (figure 5C; p<0.05). This suggests an indirect
effect of miR-101_3 on the post-transcriptional regulation of COX-2 expression in OA
chondrocytes.

Negative regulation of miR-199a* by p38-MAPKSs in human OA chondrocytes

Studies have shown that the transcriptional response of the COX-2 gene to IL-1f is
controlled by p38-MAPK but not by JNK or ERK.34 However, the role of MAPKSs in
regulating the expression of mMiRNAs in human OA chondrocytes has not yet been reported.
In these studies, OA chondrocytes showed a significant increase in COX-2 mRNA (~470-
fold) and protein expression upon IL-1B-stimulation (figure 4G; p<0.05). Importantly, OA
chondrocytes pretreated with the p38-MAPK inhibitor SB202190 showed an increase of
~58% in miR-199a* expression (figure 4F; p<0.05) and a significant decrease in COX-2
MRNA and protein expression (figure 4G; p<0.05). These data suggest that IL-1p-induced
activation of p38-MAPK negatively regulates the expression of miR-199a* which may be
necessary for the unobstructed translation of COX-2 mRNA and expression of COX-2
protein in human OA chondrocytes.

Regulation of PGE2 production by miR-199a*

COX-2 converts arachidonic acid to PGH, which is then converted to PGE, by microsomal
prostaglandin E synthase-1 (mPGESL1). Both COX-2 and mPGES1 are co-induced in
response to the proinflammatory cytokine 1L-1B.27 As the expression of miR-199a*
correlated with COX-2 protein expression, we determined whether this also affects PGE,
production in IL-1p-stimulated OA chondrocytes. OA chondrocytes were transfected with
premiR-199a* and it was found that IL-1f stimulation of chondrocytes resulted in
significant upregulation of mMPGES1 expression and PGE, production (figure 5D, E;
p<0.05). However, overexpression of miR-199a* resulted in a significant decrease in
mPGES1 protein expression and concomitant PGE; production upon IL-1f stimulation in
OA chondrocytes (figure 5D, E; p<0.05). Using TargetScanS (Version 5.2), no binding sites
for miR-199a* were found in the 3’UTR of human mPGES1 mRNA (NM_004878.4). These
data suggest that miR-199a* indirectly regulates the expression of mMPGES1 in OA
chondrocytes.

DISCUSSION

OA is a progressive degenerative joint disorder characterised by gradual degeneration of
articular cartilage, periarticular bone changes and secondary synovitis.3® Pain and
inflammation of the affected joints is the most important symptom in patients with OA.36
Proinflammatory cytokine IL-1p-induced COX-2 expression contributes to inflammation
and pain via PGE production.38 COX-2 is the rate-limiting enzyme in PGE; production and
its inhibition is sufficient to achieve analgesic and anti-inflammatory efficacy.3’ Recent
studies have shown that miRNAs play a crucial role in human disease and can be a potential
new therapeutic target.356° Since miRNAs provide quantitative regulation of genes rather
than on/off signals, they can be thought of as molecules that fine tune the response of a cell
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to different stimuli.> Consequently, manipulation of miRNA levels could lead to novel
therapeutic strategies to combat OA. Miyaki et all® showed that IL-1p treatment suppresses
miR-140 expression, and overexpression of miR-140 can downregulate IL-1-induced
ADAMTS-5 expression in chondrocytes. Furthermore, they also showed that miR-1407/~
mice develop age-related OA-like changes characterised by proteoglycan loss and
fibrillation of articular cartilage.1®> Yamasaki et al?4 found an association between the
decreased expression of miR-146a and increased expression of MMP-13 in OA cartilage.
Moreover, the detection of miRNAs in plasma and synovial fluid from patients with RA and
OA has been postulated to be a useful biomarker for monitoring disease activity.38
Overexpression of miR-155 has been linked to repression of MMP-3 expression in synovial
fibroblasts from patients with RA, and miR-140 has been reported to be expressed in
cartilage during limb development and to inhibit histone deacetylase 4 expression.2039
miR-124a has been reported to regulate the proliferation of RA synovial fibroblasts by
suppressing the production of the cyclin-dependent kinase 2 and monocyte chemoattractant
protein 1 proteins.4? These studies point to the importance of miRNAs in maintaining
cartilage homeostasis as their deregulation correlated strongly with the disease.

This is the first study to identify the regulation of COX-2 by miRNAs in OA chondrocytes.
We found that COX-2 expression was regulated directly by miR-199a* and indirectly by
miR-101_3 in human chondrocytes, and provide the data linking miR-199a* and miR-101_3
to OA by demonstrating their presence and modulation by IL-1f in human chondrocytes
derived from normal and OA cartilage. After identifying miRNAs with seed-matched
sequence in the COX-2 mRNA 3’UTR region (miR-199a*, miR-101_3, miR-26a and
miR-26b), their expression was analysed in chondrocytes derived from OA cartilage.
Expression analysis showed that only miR-199a* had an inverse correlation with COX-2
protein expression in chondrocytes derived from normal and OA cartilage samples.
Downregulation of miR-199a* expression by IL-1f and enhanced production of COX-2
protein was observed in human chondrocytes, suggesting a direct link between the
expression of miR-199a* and the expression of COX-2 protein. We also showed that,
although miR-26a and miR-26b were predicted to target the 3’UTR of COX-2 mRNA and
their expression was significantly higher in patients with OA, no change in expression of
these miRNAs was seen upon IL-1f stimulation in normal and OA chondrocytes, suggesting
that these are not IL-1B3-responsive genes. Additionally, these miRNASs do not bind the seed
sequences in 3UTR as no significant effect on luciferase activity was observed in
transfected chondrocytes (data not shown). Thus, these miRNAs may not be involved in
post-transcriptional regulation of COX-2 expression in human chondrocytes. Next we tested
whether the 3’'UTR of COX-2 is a direct target of miR-199a* or miR-101_3 using the
luciferase reporter assay. A significant reduction was observed in the luciferase activity (50—
60%; p<0.05) in chondrocytes with overexpression of miR-199a*. Co-transfection of the
reporter vector with premiR-101_3 also showed a decrease in luciferase activity, but the
reduction was not as pronounced as with miR-199a*. These data confirm the direct binding
between miR-199a* and the seed sequence present in COX-2 3’'UTR in OA chondrocytes.
Furthermore, transfection of mature miR-199a* or its inhibitor induced significant silencing
or marked upregulation, respectively, of COX-2 protein expression in IL-1p-stimulated OA
chondrocytes. Silencing of COX-2 protein expression by mmu-miR-199a* and mmu-
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miR-101a has been shown during embryonic implantation in mice.*! Regulation of COX-2
expression by miR-101a in other cell types has also been shown previously.#243 The
sequences of miR-101a and miR-101_3 are the same, and both of these miRNAs target the
same seed region (1735-1741 bp) in COX-2 mRNA. In our studies, transfection of
chondrocytes with antimiR-101_3 upregulated the expression of COX-2 protein in IL-1p-
stimulated OA chondrocytes, but we did not find a statistically significant change in the
levels of COX-2 protein in chondrocytes from different patients with overexpression of
miR-101_3 (figure 5B, C; p<0.05). This suggests that, in human chondrocytes, miR-101_3
may be an indirect regulator of COX-2 expression. p38-MAPK has been implicated in the
regulation of COX-2 expression in IL-1p-stimulated chondrocytes.#445 We found that
activation of p38-MAPK acts as a negative regulator of miR-199a* expression as, in human
OA chondrocytes treated with p38-MAPK inhibitor (SB202190), the expression of
miR-199a* was enhanced but that of COX-2 mRNA and protein expression was reduced.
IL-1p is one of the most prominent inducers of mediators of cartilage degradation and joint
inflammation.#® miR-199a* and miR-101_3 appear to be components of a novel additional
mechanism which maintains cartilage homeostasis that is suppressed by IL-1f in
chondrocytes in order to allow the full manifestation of the inflammatory response in OA.

The synovial fluid from patients with OA contains high levels of PGE,.4” COX-2 acts on
arachidonic acid to form PGH,. The prostanoid synthase mPGES1 produces PGE, from
PGHy,. Several recent studies have shown that mPGESL is critical for the inflammatory
response in vivo and its expression can be induced by IL-1B in chondrocytes.4849 As we
found that miR-199a* transfected chondrocytes produce very little PGE,, we determined
whether miR-199a* also regulates mMPGES1 expression in IL-1B-stimulated OA
chondrocytes. IL-1f stimulation of chondrocytes resulted in significant upregulation of
mPGES1 expression and PGE, production which was significantly inhibited by
overexpression of miR-199a*. Although several miR-NAs have been predicted to target
multiple MRNA transcripts involved in PGE, production, using TargetScanS (Version 5.2)
we could not find any binding site of miR-199a* within the 3yUTR of mPGES1.50 This
could be an indirect effect of miR-199a* on mPGES1 expression in OA chondrocytes.

In conclusion, we have shown that miR-199a* can directly target COX-2 mRNA in human
OA chondrocytes through binding a conserved site in the 3’UTR. Furthermore, the levels of
miR-199a* are inversely correlated with COX-2 mRNA and protein levels in IL-1p-
stimulated human chondrocytes. Our results suggest that expression of miR-199a* and
possibly of miR-101_3 can be exploited in novel therapeutic strategies for the treatment of
OA.
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COX-2 3'UTR 2404bp

hsa-miR-26a/26b  hsa-miR-101 hsa-miR-199a*
8mer smer 6mer

B 5. CUGACAUUUAAUGGUACUGUA.. COX-2 3'UTR seed position 1893-1899
LT
3'..AUUGGUUACACGUCUGAUGACA hsa-miR-199a*

Human CUGACAUUUAAUGGUACUGUAUAUUACUUAAUUU

Mouse CUGA-----------—-—- -GGUACUGUAUAUUACUGAAUUU
L GGUACUGUAUAUUACUGAAUUU
Dog CUGACAUUUGCUGGUACUGUAUA---------=--=--meeme-

Cc §'...CACUGACAUUUAAUG-----GUACUGUA... COX-2 3'UTR seed position 1735-1741

[l RN
3 AAGUCAAUAGUGUCAUGACAU  hsa-miR-101

Human AUGGUACUGUAUAUUACUUAAUUUAUUGAAGA
Mouse  ---GGUACUGUAUAUUACUGAAUUUAUUGAAGA

Rat ----GGUACUGUAUAUUACUGAAUUUACUGAAGA
Rabbit ~AUGGUACUGUAUAUUACUUAAUUUAUUAAGGG
Dog CUGGUACUGUAUACU---UAAUUUAUUGAGGAUU

D 5 ..GUUUUGACGUCUUUUUACUUGAA. .. COX-2 3'UTR seed position 256-262

R
3' UCGGAUAGGACCUAAUGAACUU hsa-miR-26a

§' ...GUUUUGACGUCUUUUUACUUGAA... COX-2 3'UTR seed position 256-262

IR
3' UGGAUAGGACUUAAUGAACUU hsa-miR-26b

Human  AGAGAAAUGAGUUUUGACGUCU-----UUUUACUUGAAU
Mouse  AAGGGAAAUGAAUUUUGAUAUCU---UUA UACUUGAAU

Rat AAGGGAAAUGAAUUUUGAUAUCU---UUA UACUUGAAU
Dog - -UGAG-UUUGACAUCC-----UUUUACUUGAAU
Cat UGGGAAAUGAG-UUUGACAUCC----UUUUACUUGAAU

Figure 1.
Seed sequences of selected miRNAs in 3’UTR of cyclooxygenase-2 (COX-2) mRNA. (A-

D) Seed-matched sequences for miR-199a*, miR-101_3, miR-26a and miR-26b in the
3’'UTR of COX-2 mRNA and conservation of their cross species was identified by
computational algorithms and the data were used to predict the functional miRNA binding
sites in human COX-2 mRNA. The sequences in red are the locations of the potential seed-
matched sequence for the miRNAs studied.
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Figure 2.

Correlation between basal expression levels of cyclooxygenase-2 (COX-2), miR-199a*,
miR-101_3, miR-26a and miR-26b in human chondrocytes derived from osteoarthritis (OA)
and non-OA cartilage samples. (A, B) COX-2 mRNA and protein expression determined by
TagMan assay and western immunoblotting, respectively. (C) Basal levels of miR-199a*,
miR-101_3, miR-26a and miR-26b in cartilage from OA and healthy individuals. Expression
levels of miRNAs were determined by TagMan assays. The expression level in non-OA
samples was set as a control for comparison with diseased tissue and expression of RNU6B/
GAPDH was used as an endogenous control. Each experiment was performed in duplicate
with the indicated number of patient samples. *p<0.05.
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Figure 3.
Interleukin-1p (IL-1f) upregulates the expression of cyclooxygenase-2 (COX-2) and

suppresses the expression of miR-199a*, miR-101_3 in osteoarthritis (OA) and normal
chondrocytes. (A, D) COX-2 mRNA expression was determined by TagMan assay. (B, E)
COX-2 protein expression was determined by western immunaoblotting. (C, F) Expression
levels of miR-199a*, miR-101_3, miR-26a and miR-26b in IL-1B-stimulated OA and
normal chondrocytes were determined by TagMan assays. Unstimulated chondrocytes were
used as controls and expression of RNU6B/glyceraldehyde 3-phosphate dehydrogenase was
used as an endogenous control. Each experiment was performed in duplicate with the
indicated number of patient samples. *p<0.05.
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Figure 4.

miR-199a* directly inhibits the expression of cyclooxygenase-2 (COX-2) in osteoarthritis
chondrocytes. (A) Luciferase activity in chondrocytes transfected with the reporter vector
and premiR-199a* (*p<0.05). (B, C) Expression of COX-2 protein in premiR-199a* or
antimiR-199a* transfected chondrocytes after 72 h of stimulation with interleukin-1§
(IL-1B). (D, E) Expression of COX-2 protein in negative control premiRNA or negative
control-antimiRNA-transfected chondrocytes after 72 h of stimulation with IL-1p. (F, G)
Expression levels of miR-199a* and COX-2 in chondrocytes treated with the p38-MAPK
inhibitor (SB202190) and stimulated with IL-1f were determined by TagMan assays. Gene
expression in unstimulated chondrocytes was used as a control and expression of RNU6B/
glyceraldehyde 3-phosphate dehydrogenase was used as an endogenous control. COX-2
protein expression was determined by western immunoblotting. Each experiment was
performed in duplicate with samples from the indicated number of patients. *p<0.05 vs
control; #p<0.05 vs IL-1B-stimulated chondrocytes.
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Figureb5.

Regulation of cyclooxygenase-2 (COX-2) expression by miR-101_3 and effect of
overexpression of miR-199a* on prostaglandin E, production in OA chondrocytes. (A)
miR-199a* and miR-101_3 synergistically inhibited luciferase activity in human OA
chondrocytes transfected with a reporter vector containing the 3’UTR of human COX-2
mRNA,; *p<0.05 vs COX-2 3’UTR. (B, C) Expression of COX-2 protein in premiR-101_3
or antimiR-101_3 transfected chondrocytes after 72 h of stimulation with interleukin-1p
(IL-1B). (D, E) Overexpression of miR-199a* inhibited IL-1f-induced mPGES1 protein
expression and prostaglandin E, (PGE,) production in OA chondrocytes. COX-2 and
mMPGESL protein expression was determined by western immunoblotting. PGE, production
in culture supernatants was analysed by ELISA. Each experiment was performed using
indicated number of patients. *p<0.05 vs control; #p<0.05 vs IL-1f3-stimulated
chondrocytes.
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