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Materials and Methods 
Patient information 
The medial aspect of FJs were obtained from level L3-S1 spines of FJ OA patients undergoing 
lumbar surgery for neurogenic claudication due to lumbar spinal canal stenosis (LSS) caused by 
FJ OA (MRI grading 2 or 3: moderate to severe FJ OA). In addition, control FJs were obtained 
from spinal level L3-S1 of lumbar disc herniation (LDH) patients undergoing microdiscectomy 
(MRI grading 0 or 1: non or mild FJ OA). The degree of degeneration in the FJ on routine pre-
operative MRIs was independently assessed by a spine surgeon (YRR) and a rheumatologist 
(AN) using the grading systems described by Weishaupt et al.1 The degree of FJ cartilage 
degeneration was determined by histological analysis as previously reported2. 
Knee OA cartilage was obtained from patients undergoing total knee replacement (TKR) surgery 
(Kellgren-Lawrence Grade III/IV: moderate to severe knee OA)3 as previously reported4 5. Non-
OA control knee cartilage samples were obtained from two sources, either microscopically-
proved undamaged area of lateral condyle in patients undergoing TKR surgeries or the Southern 
Alberta Tissue Donation Program (University of Calgary). Criteria for the cadaveric donations 
were ≥ 18 years of age, no history of arthritis/joint injury/joint trauma/surgery (including visual 
inspection of the cartilage surfaces during recovery), no prescription anti-inflammatory 
medications, no co-morbidities (such as diabetes/cancer), and availability within 4 h of death.  
 
Histopathology 
FJ and knee specimens from humans, rats and mice were fixed in formalin for at least 72 h, 
decalcified in 0.5M hydrochloric acid (BioShop, Burlington, Ontario, Canada) with 0.1% 
glutaraldehyde (Sigma, St. Louis, MO, USA) for 7 days for human samples and Rapid 
Decalcifier (Apex Engineering, Plainfield, Illinois, USA) for 3 h for rat and mouse samples, and 
embedded in paraffin. Serial sections (4µm) were stained with safranin O/fast green and 
evaluated by three blinded observers using OARSI grading6. The degree of synovitis was 
evaluated based on a scale of 0-3 (0, no synovitis; 1, mild synovitis, 2, moderate synovitis; 3, 
severe synovitis)7. Multiple sections (three sections approximately 40-80µm apart) per joint 
sample were evaluated based on the most severely affected area by 3 independent scorers in a 
blinded fashion. Final scores were the average of the observations. 
 
Immunohistochemistry (IHC) 
IHC was performed as previously described2. Specifically, 4µm sections were deparaffinised in 
xylene followed by a graded series of alcohol washes. Following proteinase K treatment (10 
µg/ml) for 15 min, endogenous peroxide was blocked using 1% H2O2 for 30 min. Non-specific 
IgG binding was blocked by incubating sections with bovine serum albumin (BSA 0.1%) in PBS 
for 30 min. Sections were then incubated with primary antibodies, for MMP13 (abcam, Toronto, 
ON, Canada, catalog# ab39012; Dilution 1:330), Type X collagen (COL10; abcam, Toronto, 
ON, Canada, catalog# ab182563; Dilution 1:250), Type I/II collagen cleavage (C1,2C;IBEX 
Pharmaceuticals Inc, Mont Royal, QC, catalog#50-1035; Dilution 1:330), PARP p85 
(PROMEGA, Madison, WI, USA, catalog# G734; Dilution 1:250), cleaved caspase 3 (cell 
signaling, Danvers, MA, USA, catalog# 9661; Dilution 1:330) or rabbit IgG (Invitrogen, 
catalog# 02-610; Dilution 1:250) as an isotype negative control in a humidified chamber and left 
for 2 h at room temperature. After washing twice in water, the slides were incubated with their 
respective biotinylated secondary antibodies for 30 min. Signal was amplified with HRP 
conjugated secondary antibody followed by Vectastain Elite ABC kit (Vector Laboratories), as 
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per the manufacturer’s protocol, and counterstained with eosin Y (Fisher Scientific). 
Quantification of the number of positive cells for each antigen was performed by counting of the 
total number of chondrocytes and the total number that stained positive for the antigen for at 
least 4 replicates (Supplementary Figures, 1, 10 and 11). Three independent scorers assessed the 
IHC-stained tissues (three sections approximately 40-80µm apart) in a blinded fashion. Each 
evaluator independently and randomly selected three distinct areas in each of the three cartilage 
sections. Final values were the average of the percentage of positive cells based on the nine 
observations (3 observations x 3 sections). 
 
In situ hybridization (ISH) 
Both human and animal tissues (rat FJ and mouse knee) were fixed with 4% 
paraformaldehyde (PFA) for 72 h followed by decalcification with 10% 
ethylenediaminetetraacetic acid (EDTA) for 3-4 weeks. ISH for both human and animal tissue 
was performed according to the manufacturer’s protocol (Instruction manual v3; Qiagen).  
Sections were deparaffinised in xylene subjected to a graded series of alcohol washes and 
incubated with proteinase K (10 µg/ml) for 10-15 min at 37 qC. Digoxigenin (DIG)-labeled 
probes were denatured at 90 qC for 4 min and diluted with 1 x microRNA ISH buffer (Qiagen). 
The sections were hybridized with miR-181a-5p (80nM), U6 snRNA (1 nM; positive control) or 
scramble control probe (negative control; LNA-modified and 5’- and 3’-DIG-labeled antisense 
oligonucleotides (ASO); all from Qiagen; Supplementary Table 1) for 1 h at 55qC. Stringent 
washes were performed with 5 x saline sodium citrate (SSC), 1 x SSC and 0.2 x SSC buffers. 
Following blocking with 2% sheep serum and 1% BSA for 15 min at room temperature, anti-
DIG-AP Fab fragments (Roche; 1:500) in diluted blocking buffer were added. After 1 h, 4-nitro-
blue tetrazolium (NBT)-5-bromo-4-chloro-30-Indolyl-phosphate (BCIP) substrate (Vector 
Laboratories) in MilliQ water with 0.2 mM levamisol were put on the sections and incubated for 
2 h at 30 qC. Nuclear fast red (Sigma-Aldrich) was used for the counterstaining for 1 min. The 
slides were then placed in water, dehydrated in alcohol and mounted with mounting medium. We 
had three independent scorers assess ISH-stained tissues (three sections per sample 
approximately 40-80µm apart) in a blinded fashion. Each evaluator independently and randomly 
selected three distinct areas in each of the three cartilage sections. Final values were the average 
of positive cells based on the nine observations (3 observations x 3 sections). 
 
Flow cytometry  
Mouse and human chondrocyte apoptosis and cell death were assessed by flow cytometry using 
the PE Annexin V Apoptosis Detection Kit with 7-AAD (BioLegend, cat# 640934). Cell death in 
rat chondrocytes was assessed by LIVE/DEAD Fixable Near-IR Dead Cell Stain Kit (Invitrogen, 
cat#L34975) according to the manufacturer’s protocol. Camptothecin (Sigma, cat#C9911) was 
used to induce cell apoptosis as a positive control. Briefly, chondrocytes (2 х 105 cells/well) were 
detached with 0.05% trypsin and washed with PBS twice. After cells were resuspended in cell 
staining buffer (Biolegend, cat#420201), they were incubated with PE Annexin V/7-AAD or 
Near-IR staining for 30 min at room temperature in the dark. Finally, 400 µl of binding buffer 
was added to the samples. Cells were analyzed using a BD FACSCanto II(BD Biosciences) and 
FlowJo (LLC) was used to analyze the single cell data. 
 
Reverse Transcription and quantitative real-time PCR (qPCR) 
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RNA concentrations were determined using a Nano-Drop 1000 (Thermo Scientific) or NanoVue 
(GE Healthcare Life Science). Following RNA quantification, equal amounts of RNA (1000 ng 
for mRNA and 10 ng for miRNA expression analysis) were converted to cDNA using the 
QuantiTect Reverse Transcription PCR Kit (Qiagen) for mRNA or Universal cDNA synthesis kit 
II (Qiagen) for miRNA, as per the manufacturer’s protocol. For qPCR reactions, 5 ng of RNA 
per well was used for gene expression with primers and SYBR Green Master Mix (BIO-RAD), 
and 0.2 ng of RNA per well was used for miRNA expression with primers and SYBR Green 
Master Mix Kit (Qiagen) according to the manufacturer’s protocol. The reactions were incubated 
in 96 well plates (BIO-RAD) and performed in duplicate. Specificity of the amplified qPCR 
product was assessed by performing melting curve analysis on the LightCycler® 480 Instrument 
(Roche). The relative expression of PCR products was calculated by the 2-ΔCt method. All 
primers were designed using Primer3 online software (Supplementary Table 1). Data were 
normalized to GAPDH for mRNAand to hsa-U6 snRNA for miRNA analyses. Both reference 
genes showed highly stable expression compared to other candidates for reference genes as 
previously reported2. 
 
Chondrocyte treatment with miRNA oligonucleotides 
Chondrocytes were extracted from human knee cartilage obtained from OA patients and from rat 
FJ and mouse knee cartilage as previously described2 5. Primary chondrocytes were cultured for 
10 to 14 days in Dulbecco’s modified Eagle’s medium (DMEM; Invitrogen) containing 10% 
FBS and 1% Penicillin/Streptomycin at 37°C in a humidified atmosphere of 5% CO2 and 95% 
air. Medium was changed every 2–3 days. Confluent cultures were detached with 0.05% trypsin 
and plated at a density of 2 х 105 cells/well in six-well plates. The cells were treated with 
recombinant human IL-1β (10 ng/ml; R&D Systems) for 18 h followed by transfection with 50 
nM miRCURY LNATM Power microRNA antisense oligonucleotides for miR-181a-5p (LNA-
miR-181a-5p; ASO) or scrambled control oligonucleotides (SCO; negative control A; Qiagen; 
no hits of >70% homology to any organism in the NCBI and miRBase databases; Supplementary 
Table 1) for 24 h using TransFectinTM Lipid Reagent (10 μg/ml;BIO-RAD). Total RNA was 
isolated using TRIzol reagent (Invitrogen).  
 
RNA extraction from human knee cartilage for ex-vivo studies 
For RNA extraction ex-vivo, fresh human knee OA cartilage (0.2 g/sample) was separated from 
the subchondral bone using a sterile scalpel blade and forceps under a dissection microscope 
(SMZ-168 Series, Motic). After incubation with 5% penicillin/streptomycin in PBS for 1 h at 
37°C, cartilage was starved for 3 h in DMEM with 0.5% FBS and 1% Penicillin/Streptomycin. 
50 nM miR-181a-5p ASO or SCO (Supplementary Table 1) was added to the media. After 24 h 
of treatment, cartilage was snap-frozen in liquid nitrogen and homogenized using the Cellcrusher 
tissue pulverizer (Cellcrusher), with the barrel and ball precooled in liquid nitrogen. Total RNA 
from the knee cartilage was isolated using TRIzol reagent (Invitrogen) followed by RNeasy Mini 
kit clean-up (Qiagen), according to the manufacturer’s protocol.  
 
Western Blot Analysis 
Equal amount of cell lysates and homogenized explant tissues in RIPA buffer were applied to 
SDS-polyacrylamide gels (10%) for electrophoresis, as previously reported2. Separated protein 
was electroblotted onto polyvinylidene fluoride membranes. Membranes were blocked in 10 mM 
Tris-buffered saline (TBS) containing 5% skimmed milk and probed for 1.5 h with rabbit 
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polyclonal IgG primary antibodies (1: 330) specific for MMP13 (Abcam, catalog# 39012) and 
PARP p85 (PROMEGA, catalog# G734) or mouse monoclonal IgG (1:1000) for β-actin (Sigma-
Aldrich, St. Louis, MO, USA, catalog# A1978) in blocking buffer. After washing the membranes 
with TBS containing 0.1% Tween-20 (TBS-T) 3 times, the membranes were incubated for 1 h at 
room temperature with HRP conjugated anti-rabbit (1:5,000; Sigma-Aldrich, St. Louis, MO, 
USA, catalog# SAB3700843) or anti-mouse (1:10,000; Sigma-Aldrich, catalog# A2179) 
secondary antibodies in TBS containing 5% skimmed milk. Membranes were subsequently 
washed in TBS-T and protein bands were visualized with an enhanced chemiluminescence 
substrate (ClarifyTM Western ECL Substrate, BIORAD and SuperSignal West Pico, Thermo 
Science) using a BIO-RAD Chemidocapparatus. Blots were scanned and signal intensity was 
quantified using Image J (National Institutes of Health, USA). 
 
Intra-articular injection of in vivo grade (IVG) SCO or IVG miR-181a-5p ASO into rat FJ 
OA model 
For induction of FJ cartilage degeneration in rats, male Sprague-Dawley rats [200-220g; n=5 
rats/group (n=10 FJs/group); Charles River Canada] were anesthetized with 2.0% isoflurane in 
oxygen in the prone position as previously reported2. Following a 2 cm midline skin incision, left 
paraspinal muscles were retracted, exposing the left L4/L5 and L5/L6 FJs (most common levels 
affected in lumbar FJ OA). Needle-puncture (injury) was applied through the facet capsular 
tissue using a 26 gauge Hamilton syringe as previously reported8. The same levels of right FJs 
(L4/5 and L5/6) were also exposed and subjected to the same procedure with the 26 gauge 
Hamilton syringe. At 3 and 6 weeks post-injury, rats were injected intra-articularly with IVG 
miR-181a-5p ASO (2μl of 5 μg/ul; Qiagen) on the right side and IVG SCO on the left side (2μl 
of 5 μg/ul; Qiagen; Supplementary Table 1). IVG LNA-miR ASO are produced with high 
performance liquid chromatography (HPLC) followed by sodium salt exchange for in vivo 
administration. Rats in the sham group only underwent surgical incision without needle puncture 
or injection. Rats were sacrificed at 12 weeks post-surgery for histological analysis. Severity of 
FJ cartilage degeneration was assessed by OARSI scoring6. Multiple sections (three sections 
approximately 40-80µm apart) per joint sample were evaluated based on the most severely 
affected area by 3 independent scorers in a blinded fashion. Final score was the average of the 
observations.  
 
Intra-articular injection of IVG SCO or IVG miR-181a-5p ASO into mouse knee OA 
model 
C57BL6/J mice (12weeks; n=5/group; The Jackson Laboratory) were anesthetized and subjected 
to destabilization of medial meniscus (DMM) surgery or sham surgery as previously reported9. 
At 2 and 4 weeks after the surgery IVG SCO (3μl of 1 μg/ul; Qiagen) or IVG miR-181a-5p ASO 
(3μl of 1 μg/ul; Qiagen; Supplementary Table 1) was injected into the knee joints. Mice in the 
sham group only underwent a surgical incision. Mice were sacrificed at 10 weeks post-surgery 
for histological, IHC and ISH analysis. Severity of mouse knee cartilage degeneration was 
assessed by OARSI scoring6. Multiple sections (three sections approximately 40-80µm apart) per 
joint sample were evaluated based on the most severely affected of the medial tibial plateau and 
medial femoral condyle by 3 independent scorers in a blinded fashion. The final score was an 
average of the observations. 
 
Statistical Analysis 
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Data are presented as scatter dot plots with error bars (mean ± standard deviation). Statistical 
significance comparing two groups with parametric data was assessed by two-tailed Student’s t 
tests. Statistical analysis comparing multiple groups with parametric data was performed by one 
or two-way analysis of variance followed by Tukey’s Honest Significant Difference post-hoc 
tests. A value of P<0.05 was considered statistically significant for all comparison tests. 
 
Study approval 
The human facet/knee cartilage study was approved by the Institutional Research Ethics Board 
(REB) Committee, University Health Network, Toronto, Canada (approval#: 14-8174 and 14-
7592-AE) and University of Calgary Research Ethics Board, Calgary, Canada (approval#: 15-
0005). The animal experiments were approved by the Animal Resources Centre, University 
Health Network, Toronto, Canada (approval#:4529 and 5838). 
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Human FJ control group  
(non to mildly degenerated FJ cartilage) 

Supplementary Figure 1. 

Supplementary figure 1. Expression of osteoarthritic phenotype markers assessed by immunohistochemistry (IHC) in 
human facet joint  (FJ) cartilage. IHC shows expression of cartilage catabolic (MMP13), chondrocyte hypertrophic (COL10), 
apoptosis/ cell death markers (PARP p85 and cleaved caspase3), and type II collagen breakdown (C1,2C) in FJ osteoarthritis 
(FJ OA) cartilage (MRI grade 2-3 based on Weishaupt classification criteria) and control FJ cartilage (MRI grade 0-1). 
N=4/group. Scale bars, 100 µm. 
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Supplementary Figure 2. 

Supplementary figure 2. Locked Nucleic Acid-miR-181a-5p antisense oligonucleotides (ASO) 
partially attenuate interleukin (IL)-1β–induced catabolic and cell death processes in chondrocytes 
from multiple species and joints. (A) Schematic of chondrocyte extraction and treatment with ASO or 
scramble control oligonucleotides (SCO) in the presence or absence of IL-1β. (B) Expression of miR-
181a-5p with or without IL-1β in rat facet and mouse knee chondrocytes treated with SCO (n=5/group). 
(C) qPCR analysis of Mmp13 in rat FJ chondrocytes treated with or without IL-1β and SCO or ASO 
(n=7/group). (D) qPCR analysis of Mmp13 in mouse knee chondrocytes treated with or without IL-1β and 
SCO or ASO (n=10/group). (E, F) Flow cytometric analysis of cell viability in rat FJ chondrocytes with or 
without IL-1β and SCO or ASO (n=4/ group). All data are available in Supplementary figure 3. (G, H) 
Flow cytometric analysis of annexin V and 7- Aminoactinomycin D (AAD) in mouse knee chondrocytes 
with or without IL-1β and SCO or ASO (n=6/group). All data are available in Supplementary figure 4. Data 
are presented as scatter blot plots with error bars (mean ± S.D.). P < 0.05 as determined by either 2-tail 
Student’s t  tests or two-way analysis of variance followed by Tukey’s post-hoc tests.*P < 0.05, **P < 
0.01, SCO without IL-1β vs. SCO with IL-1β. ¶P < 0.05, ¶¶P < 0.01, SCO vs. ASO in the presence of IL-
1β. All other comparisons were not significantly different (P > 0.05). PBS: phosphate-buffered saline. 
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Supplementary Figure 3. 
Rat facet chondrocytes 

Supplementary figure 3. Flow cytometric analysis in rat FJ chondrocytes treated with scramble control 
oligonucleotides (SCO) or Locked Nucleic Acid (LNA)-miR-181a-5p antisense oligonucleotides (ASO) with/ 
without interleukin (IL)-1β. All images of flow cytometric analysis using Live/ Dead staining in rat FJ chondrocytes 
treated with SCO or ASO in the presence or absence of IL-1β (n=4/ group). PBS: phosphate-buffered saline. 
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Supplementary Figure 4. 

Supplementary figure 4. Flow cytometric analysis in mouse knee chondrocytes treated with scramble control 
oligonucleotides (SCO) or Locked Nucleic Acid (LNA)-miR-181a-5p antisense oligonucleotides (ASO) with/ without interleukin 
(IL)-1β. All images of flow cytometric analysis using annexin V/ 7-amino-actinomycin D (7-AAD) staining in mouse knee chondrocytes 
treated with SCO or ASO in the presence or absence of IL-1β (n=6/ group). PBS: phosphate-buffered saline. 
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Supplementary Figure 5. 

Supplementary figure 5. Severe cartilage degeneration induced by needle puncture 
(injury) in rat facet joints (FJs). (A) Schematic of needle punctures (at 0, 3 and 6 weeks) in 
Sprague-Dawley rats (200-220 g, male). (B) Three needle-punctures with a 26G needle causes 
severe cartilage degeneration with profound loss of proteoglycan and cellularity compared to 
sham surgery (n=4/group). Sham surgery was performed without any needle punctures or 
injections. Scale bars, 100 µm. 
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Supplementary Figure 6. 

Supplementary figure 6. Needle puncture (injury)-induced facet joint osteoarthritis (FJ OA) cartilage exhibits 
increased expression of matrix metalloproteinase13 (Mmp13) and decreased expression of type II collagen 
(Col2a1)  in rat FJs. (A) Rat FJ cartilage was harvested at 6 weeks after two needle punctures (0 and 3 weeks). (B) 
Cartilage from FJ with needle puncture showed a significant increase in the expression of Mmp13 and a significant 
decrease in the expression of Col2a1 compared to cartilage obtained from sham surgery cartilage (n = 5/group). Data 
are presented as scatter dot plots with error bars (mean ± S.D.). *, p< 0.05, **, p< 0.01 as determined by two-tailed 
Student’s t-tests. n=5 cartilage samples were extracted from n=3 rats/group. 
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Supplementary Figure 7. 

Supplementary figure 7. Expression of microRNA-181a-5p (miR-181a-5p) in rat facet joint (FJ) 
cartilage injected with in vivo grade scramble control oligonucleotides (IVG SCO) or IVG Locked 
Nucleic Acid-miR-181a-5p antisense oligonucleotides (IVG ASO). (A) Rat FJ cartilage was harvested 
at 6 weeks post-needle puncture. (B) The expression of miR-181a-5p in FJ cartilage injected with IVG 
ASO (at 3 weeks post-needle puncture) and FJ injected with IVG SCO. Data are presented as scatter dot 
plots with error bars (mean ± S.D.). *, p< 0.05 as determined by two-tailed Student’s t-test. n=5 cartilage 
samples extracted from n=3 rats/group. 
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Supplementary Figure 8. 

Supplementary figure 8: Expression of microRNA-181a-5p (miR-181a-5p) in 
mouse knee cartilage injected with in vivo grade scramble control 
oligonucleotides (IVG SCO) or IVG Locked Nucleic Acid-miR-181a-5p 
antisense oligonucleotides (IVG ASO). (A) Mouse knee cartilage was harvested 
at 4 weeks post destabilization of medial meniscus (DMM) surgery. (B) The 
expression of miR-181a-5p in knee cartilage injected with IVG ASO (at 2 weeks 
post DMM surgery) and knee cartilage injected with IVG SCO. Data are presented 
as scatter dot plots with error bars (mean ± S.D.). **p < 0.01, as analyzed by two-
tailed Student’s t-test. n=3 cartilage samples were extracted from n=6 mice/group. 
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Supplementary Figure 9. 

Supplementary figure 9.  Synovitis assessment between in 
vivo grade scramble control oligonucleotides (IVG SCO) or 
IVG Locked Nucleic Acid-miR-181a-5p antisense 
oligonucleotides (IVG ASO) with destabilization of medial 
meniscus (DMM) surgery. Synovitis severity scores (0-3) 
between DMM + IVG SCO compared to DMM + IVG ASO (n=5 
animals/group). Data are expressed as scatter dot plots with error 
bars (mean ± SD). Data were was analyzed by two-tailed 
Student’s t-test. N.S.: not significance (P > 0.05). 
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FJ cartilage injected with IVG SCO 
in rat FJ OA model 

FJ cartilage injected with IVG ASO  
in rat FJ OA model 

Supplementary Figure 10. 

Immunohistochemistry (IHC) of rat facet joint (FJ) cartilage  

Supplementary figure 10. Expression of osteoarthritis (OA) markers from the puncture-induced model of rat FJ OA 
cartilage injected with either in vivo grade scramble control oligonucleotides (IVG SCO) or IVG Locked Nucleic 
Acid (LNA)-miR-181a-5p antisense oligonucleotides (IVG ASO), assessed by immunohistochemistry (IHC). IHC 
shows expression of cartilage catabolic (MMP13), chondrocyte hypertrophic (type X collagen; COL10), apoptotic/ cell 
death markers (PARP p85 and cleaved caspase3), and type II collagen breakdown (C1,2C) in rat FJ OA cartilage injected 
with IVG SCO or IVG ASO (n=4/group). Scale bars, 100 µm. 
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MMP13 

DMM surgery-induced degenerated mouse 
knee cartilage injected with IVG SCO 

COL10 

Supplementary Figure 11. 

Immunohistochemistry (IHC) of mouse knee joint cartilage  

C1,2C 

PARP p85 

Cleaved 
caspase 3 

DMM surgery-induced degenerated mouse 
knee cartilage injected with IVG ASO 

Supplementary figure 11. Expression of osteoarthritis (OA) markers in the mouse destabilization of the medial meniscus 
(DMM) knee OA cartilage injected with either in vivo grade scramble control oligonucleotides (IVG SCO) or IVG Locked 
Nucleic Acid (LNA) miR-181a-5p antisense oligonucleotides (IVG ASO), assessed by immunohistochemistry (IHC).  IHC 
shows expression of cartilage catabolic (MMP13), chondrocyte hypertrophic (type X collagen; COL10), apoptosis/cell death 
markers (Parp p85 and cleaved caspase3), and type II collagen breakdown (C1,2C) in mouse DMM-induced mouse knee OA 
cartilage injected with IVG SCO or IVG ASO (n=4/group). Scale bars, 100 µm. 
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Supplementary Figure 12 
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Supplementary figure 12. Expression of microRNA-
181a-5p (miR-181a-5p) in human knee 
osteoarthritis (OA) chondrocytes treated with 
scramble control oligonucleotides (SCO) in the 
presence or absence of IL-1β. Human knee 
chondrocytes (n=5/group) treated with SCO in the 
presence or absence of IL-1β were evaluated by 
qPCR. Data are presented as scatter dot plots with 
error bars (mean ± SD). **, p < 0.01 as determined by 
two-tailed Student’s t-test.  
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Supplementary Figure 13 
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Supplementary figure 13. Flow cytometric analysis of human knee osteoarthritis (OA) chondrocytes treated with 
scramble control oligonucleotides (SCO) or Locked Nucleic Acid (LNA)-miR-181a-5p antisense oligonucleotides 
(ASO) with/ without interleukin (IL)-1β. All images of flow cytometric analysis using apoptosis/cell death markers [Annexin 
V/ 7-amino-actinomycin D (7-AAD)] in human knee OA chondrocytes treated with SCO or ASO in the presence or absence 
of interleukin (IL)-1β (n=4/ group). PBS: phosphate-buffered saline. 
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Supplementary Figure 14. 

Uncropped full-gel images of western blots 
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Supplementary Table 1. Sequences of primers, microRNA oligonucleotides, and detection probes used in this study.  

Gene Forward primer (5’-3’) Reverse primer (5’-3’) 

Human 

GAPDH CAGAACATCATCCCTGCCTCT GCTTGACAAAGTGGTCGTTGAG 

MMP13 TCCCAGGAATTGGTGATAAGTAGA CTGGCATGACGCGAACAAA 

COL10A1 GCACGCAGAATCCATCTGAGAATA GACCAGGAGTACCTTGCTCTC 

COL2A1 TGGCAAGCAAGGAGACAGAG GGACTTGAGTGTGGCATCCA 

Rat 

Gapdh CTCAACTACATGGTCTACATGTTCCA CTTCCCATTCTCAGCCTTGACT 

Mmp13 CTGACCTGGGATTTCCAAAA  ACACGTGGTTCCCTGAGAAG 

Col2a1 CTGGTGGAGCAGCAAGAGC GTGGACAGTAGACGGAGGAAAG 

Mouse 

    Gapdh GTGCAGTGCCAGCCTCGTCC GCCACTGCAAATGGCAGCCC 

    Mmp13 GTTTCTTTATGGTCCAGGCGAT GTGCAGGCGCCAGAAGAAT 

Gene sequences 

miRCURY LNA PCR primers  (5'-3') 

miR-181a-5p AACAUUCAACGCUGUCGGUGAGU 

miRCURY LNA Power antisense oligonucleotides (5'-3') (in vitro grade) 

miR-181a-5p  
(ASO) 

ACTCACCGACAGCGTTGAATG 

Scramble control  
(SCO; Negative control A) 

TAACACGTCTATACGCCCA 

In vivo miRCURY LNA microRNA antisense oligonucleotides (5'-3') 

miR-181a-5p  
(IVG ASO) 

CGACAGCGTTGAATGT 

Scramble control   
(IVG SCO) 

ACGTCTATACGCCCA 

miRCURY LNA Detection Probe (5'-3') 

miR-181a-5p /5DigN/ACTCACCCGACAGCGTTGAAT/
3Dig-N/ 

U6 /5DigN/CACGAATTTGCGTGTCATCCTT/
3Dig-N/ 

Scramble control /5DigN/GTGTAACACGTCTATACGCCCA
/3Dig-N/ 

GAPDH, glyceraldehyde 3-phosphate dehydrogenase; MMP13, matrix metalloproteinase-13; COL10A1, type X collagen; COL2A1, type II collagen; ASO, in vitro 
grade LNA-miR-181a-5p antisense oligonucleotides; SCO, in vitro grade scramble control oligonucleotides; IVG ASO, in vivo grade LNA-miR-181a-5p antisense 
oligonucleotides; IVG SCO; in vivo grade scramble control oligonucleotides .  
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