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Supplementary Figure 1: The miRNA-mRNA interaction network in OA. The red dot represents miRNAs and the yellow dot represents target mRNAs.
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Supplementary Figure 2: Validation of the expression of DEMs in SF-derived EXs. Real-time PCR validation showing a change in miRNA expression in early- and last-stage OA SF-derived EXs. (A) miR-7108-3p; (B) miR-3196; (C) miR-629-5p; (D) miR-877-5p; (E) miR-7847-3p. #P > 0.05. DEMs: Differentially expressed miRNAs; miRNAs: MicroRNAs; OA: Osteoarthritis; SF: Synovial fluid.
Supplementary Table 1: GO-BP
	Term
	Count
	P-value
	Genes

	G1/S transition of mitotic cell cycle
	9
	6.54E−04
	ACVR1, CDKN1A, CDK6, CCND1, RPS6KB1, ORC2, EIF4EBP1, RPA2, MARK4

	Regulation of ossification
	4
	9.56E−04
	ACVR1, EGR2, CSF1, MAPK1

	Cellular response to DNA damage stimulus
	12
	0.001902
	CDKN1A, BTG2, TIGAR, CCND1, ATMIN, CHEK2, TAOK1, MAPKAPK2, MAPK1, UBA1, ZNF385A, OTUB1

	Insulin receptor signaling pathway
	7
	0.003388
	ATP6V0E1, GRB10, IGF2, EIF4EBP1, EIF4EBP2, ATP6V1C1, ATP6V1F

	Negative regulation of translation
	6
	0.004515
	FXR1, BTG2, CELF1, IREB2, EIF4A3, EIF2AK2

	Protein K48-linked deubiquitination
	4
	0.009799
	OTUD4, ATXN3, OTUD7B, OTUB1

	Protein phosphorylation
	17
	0.01234
	ACVR1, PXK, CDK19, EIF2AK2, HIPK1, CDK6, STK35, CCND1, RPS6KB1, CHEK2, STK17B, TAOK1, MAK, MAPKAPK2, MAPK1, MARK4, BMPR1A

	G2/M transition of mitotic cell cycle
	8
	0.014607
	CDKN1A, CHEK2, TUBB, PPP2R2A, PPP1R12B, MAPRE1, MARK4, ARPP19

	Mesoderm formation
	4
	0.015015
	ACVR1, HAND1, WNT3, BMPR1A

	Intrinsic apoptotic signaling pathway in response to DNA damage by p53 class mediator
	4
	0.019775
	CDKN1A, CHEK2, SHISA5, HIPK1

	Lateral ventricle development
	3
	0.020327
	CDK6, PAX5, TSKU

	Movement of cell or subcellular component
	6
	0.022551
	ACTR2, TPM3, ARHGDIA, TUBB, IGF1, LSP1

	Muscle organ development
	6
	0.025705
	FXR1, CENPF, SGCD, USP2, FOXK1, IGF1

	DNA replication
	8
	0.026693
	NFIB, NFIC, ORC2, GINS4, RBMS1, RPA2, IGF1, PTMS

	TOR signaling
	3
	0.027348
	RPS6KB1, EIF4EBP1, EIF4EBP2

	Postreplication repair
	3
	0.031172
	UBE2V1, TMEM189-UBE2V1, WDR33

	Positive regulation of protein phosphorylation
	7
	0.032164
	MAVS, CCND2, CCND1, CHEK2, IGF2, KRAS, PROM2

	Cell division
	13
	0.032543
	CDK19, TUBB, KLHL21, NR3C1, ARPP19, GNAI2, CENPF, CDK6, CCND2, CCND1, CHEK2, MAPRE1, MARK4

	Positive regulation of transcription, DNA-templated
	17
	0.033335
	KDM5A, ACVR1, EGR2, ATMIN, HMGA1, FOXK1, NR2F2, IGF1, ESR1, THRAP3, CHEK2, ATOH8, TAF8, MAPK1, TCF4, UBE2V1, TMEM189-UBE2V1

	Cellular response to hypoxia
	6
	0.034121
	TIGAR, HP1BP3, MPL, EIF4EBP1, HMOX1, KCNK3

	mRNA export from nucleus
	6
	0.039614
	EIF5A, SMG1, NCBP2, EIF4A3, SRSF2, SRSF7

	Actin filament organization
	5
	0.045836
	TPM3, TMOD2, FSCN1, PPP1R9A, PACSIN1

	Positive regulation of Ras protein signal transduction
	3
	0.04835
	CSF1, IGF1, ARPP19

	Signal transduction by protein phosphorylation
	4
	0.048863
	ACVR1, CAB39, TAOK1, BMPR1A

	mRNA processing
	8
	0.05149
	CELF1, THRAP3, SRSF2, SRSF7, QKI, PTBP2, HNRNPA0, WDR33

	Heart formation
	2
	0.055059
	LEMD2, BMPR1A

	Positive regulation of long-term synaptic depression
	2
	0.055059
	KCNB1, PPP1R9A

	Negative regulation of macromitophagy
	2
	0.055059
	TIGAR, RNF41

	Positive regulation of protein kinase activity
	4
	0.057463
	CDKN1A, CD4, CSF1, PPP1R9A

	Intrinsic apoptotic signaling pathway in response to DNA damage
	4
	0.057463
	CHEK2, HMOX1, SOD2, BCL2L2

	Negative regulation of cyclin-dependent protein serine/threonine kinase activity
	3
	0.062984
	CDKN1A, NR2F2, FBXO7

	Skeletal muscle cell differentiation
	4
	0.063566
	EGR2, BTG2, PAX5, LEMD2

	Vesicle-mediated transport
	7
	0.066145
	VAMP8, RAB14, SAR1B, VPS33A, AP1S1, AP1S3, MAPK8IP3

	mRNA 3′-end processing
	4
	0.066726
	NCBP2, EIF4A3, SRSF2, SRSF7

	Negative regulation of cell differentiation
	4
	0.069956
	CDK6, MAPK1, HMGB3, KRAS

	Nuclear-transcribed mRNA catabolic process, nonsense-mediated decay
	6
	0.072703
	SMG1, NCBP2, EIF4A3, PPP2R2A, RPL23A, RPL28

	Entry into host cell
	2
	0.072732
	CD4, PPIA

	Response to isolation stress
	2
	0.072732
	NAPEPLD, SOD2

	Myoblast proliferation
	2
	0.072732
	ATOH8, IGF1

	Negative regulation of Wnt signaling pathway
	4
	0.073255
	CCND1, GRB10, SHISA2, TSKU

	Axon guidance
	7
	0.078389
	EFNB1, ZNF280B, ZNF280C, MAPK1, KRAS, MAPK8IP3, WNT3

	Negative regulation of G1/S transition of mitotic cell cycle
	3
	0.078893
	CDKN1A, CTDSP1, FBXO7

	Cellular response to amino acid starvation
	3
	0.078893
	CDKN1A, EIF2AK2, SLC38A2

	Phospholipid transport
	3
	0.078893
	TMEM30A, PITPNM3, PITPNA

	Positive regulation of fibroblast proliferation
	4
	0.080058
	CDKN1A, CDK6, IGF1, ESR1

	RNA export from nucleus
	4
	0.083558
	NCBP2, EIF4A3, SRSF2, SRSF7

	Regulation of microvillus assembly
	2
	0.090075
	PODXL, FSCN1

	Anterior commissure morphogenesis
	2
	0.090075
	NFIB, TSKU

	Mucosal immune response
	2
	0.090075
	OTUD7B, IFNLR1

	Phagosome acidification
	3
	0.090115
	ATP6V0E1, ATP6V1C1, ATP6V1F

	Response to estradiol
	5
	0.091057
	CD4, CCND1, TXNIP, NR2F2, ESR1

	Regulation of defense response to virus by virus
	3
	0.095892
	CD4, AP1S1, AP1S3

	Positive regulation of mitotic cell cycle
	3
	0.095892
	RPS6KB1, USP2, EIF4EBP1


BP: Biological processes; CC: Cellular components; GO: Gene ontology; MAPK: Mitogen-activated protein kinase; p53: Protein P53; TOR: Target of rapamycin.

Supplementary Table 2: GO-CC
	Term
	Count
	P-value
	Genes

	Extracellular EX
	79
	5.37E−05
	ARF3, HBS1L, BTG2, SLC44A1, CSF1, PITPNA, MPI, SNX12, LSP1, MAN1A2, ARHGDIA, CFL2, ANXA6, AP1S1, SIRPA, OLR1, TMEM189-UBE2V1, GLUL, EIF5A, ACTR2, SLC36A2, TPM3, ENTPD5, TUBB, SHISA5, CMBL, VAMP8, PTP4A2, C1ORF116, DAAM2, CTDSP1, THRAP3, MAPKAPK2, CMPK1, SRSF2, FSCN1, TMEM106B, VWA1, UBE2V1, KIFC3, RPL28, SRSF7, PPIA, CES2, OTUB1, CAB39, RAB1B, RAP1GDS1, THSD4, PLD3, GNAI2, EFNB1, PODXL, MGAT5, MAPK1, DNAJB9, TSPAN3, ATP6V1C1, WNT3, PROM2, ATP6V1F, GSN, DDTL, IGF2, RPL23A, PLXDC2, FAM213A, LYZ, SOD2, CPPED1, BMP3, RAB14, TAOK1, SERBP1, NAPEPLD, UBA1, TPP1, BCL2L2, SNTB2

	Cytosol
	88
	1.32E−04
	CDKN1A, SMG1, BTG2, AHCYL2, CRCP, ARL6IP1, TAT, AMD1, PDE3B, EIF4A3, MPI, PPP2R2A, PPP1R9A, PTMS, RGS2, CCND2, CCND1, ARHGDIA, GRB10, AP1S1, AP1S3, TMEM189-UBE2V1, CHAC1, PKNOX1, PGPEP1, GLUL, FBXO7, EIF5A, ACTR2, PLEKHG2, TPM3, NCBP2, EIF1AX, CMBL, TRAF1, GTPBP1, RNF41, INPP4A, VAMP8, RRAGD, MAPKAPK2, CMPK1, FSCN1, TXNIP, UBE2V1, MAPRE1, PPP1R12B, RPL28, PPIA, PI4K2A, CAB39, SAR1B, RAP1GDS1, IREB2, PBXIP1, ARHGAP12, GNAI2, ATXN3, CBS, EPB41L1, EIF4EBP1, HMOX1, MAPK1, MARK4, ATP6V1C1, PACSIN1, ATP6V1F, UBL4A, MSR1, MAP3K3, TIGAR, CDK19, GSN, RAB3IP, HMGA1, MTHFR, EIF2AK2, RPL23A, CENPF, NPLOC4, CDK6, RPS6KB1, RAB14, TAOK1, KRAS, UBA1, BCL2L2, TNRC6B

	Cytoplasm
	124
	3.95E−04
	EIF4A3, PITPNA, MPI, NR3C1, RGS2, SESN3, CCND1, ARHGDIA, GRB10, PKNOX1, GLUL, FBXO7, RARS2, SRCIN1, MAPK8IP3, INPP4A, C1ORF116, CEP57L1, MAK, MAPKAPK2, RRAGD, CMPK1, FSCN1, TXNIP, UBE2V1, RPL28, SRSF7, PXK, IREB2, ARPP19, LPP, FXR1, RRP7A, EFNB1, ATXN3, RAB11FIP1, STK35, PODXL, EPB41L1, NACC1, EIF4EBP1, EIF4EBP2, MARK4, PACSIN1, EGR2, KLHL21, EIF2AK2, ESR1, ELL2, QKI, GNL3L, CDK6, NAPEPLD, UBA1, GRSF1, BRWD1, KDM5A, SMG1, MTMR12, CELF1, HMGB3, OTUD7B, BICDL1, PCSK9, PPP1R9A, UBL5, TMEM189, SGCD, TRIM2, TMEM189-UBE2V1, TNPO2, ZNF385A, PHACTR4, EIF5A, ACTR2, NAA30, SLC36A2, NCBP2, STRBP, TUBB, TRAF1, VAMP8, C12ORF4, QTRT2, PTP4A2, HAND1, NCBP3, PPP1R12B, MAPRE1, MTRF1L, OTUB1, FAM72A, NUFIP2, PRUNE2, MLLT1, TOB2, GNAI2, UNK, TCOF1, CBS, ATOH8, MXI1, DNAJB9, MAPK1, UBL4A, MAP3K3, TIGAR, ZNF185, GSN, GINS4, DDTL, RPL23A, HIPK1, FAM213A, CPPED1, CENPF, RPS6KB1, TAOK1, SERBP1, KLF9, KRAS, HDGF, PTPN4, SNTB2

	Cyclin-dependent protein kinase holoenzyme complex
	4
	0.002277
	CDKN1A, CDK6, CCND2, CCND1

	Nucleus
	117
	0.018045
	NR3C1, FOXQ1, ZNF609, RGS2, CCND2, SESN3, CCND1, ZXDB, ARHGDIA, ZNF566, PKNOX1, GLUL, FBXO7, ZNF283, SLC30A5, HNRNPUL1, MAK, MAPKAPK2, RRAGD, CMPK1, SRSF2, TXNIP, UBE2V1, SRSF7, PPIA, PXK, LPP, EIF1AD, EFNB1, ATXN3, NACC1, ZKSCAN8, ORC2, HMOX1, ZBTB7B, CDK19, EGR2, CBX6, ZNF141, RAB3IP, HMGA1, EIF2AK2, NR2F2, ESR1, QKI, GNL3L, NPLOC4, CDK6, TCF4, UBA1, BRWD1, KDM5A, CDKN1A, SMG1, CELF1, HP1BP3, HMGB3, OTUD7B, PTMS, UBL5, ZNF280B, ZNF280C, ZNF800, TMEM189-UBE2V1, TNPO2, EIF5A, ATMIN, NCBP2, STRBP, TUBB, ZFP91, PAX5, MED26, PTBP2, WDR33, PTP4A2, SETBP1, CTDSP1, THRAP3, HAND1, RBMS1, NCBP3, OTUB1, NUFIP2, PRCC, MLLT1, PBXIP1, FOXK1, TOB2, FAM71F2, MIPOL1, TCOF1, CBS, ATOH8, MXI1, MAPK1, ZNF587, GBP4, HNRNPA0, POLR2J3, UBL4A, MLXIP, TIGAR, GSN, GINS4, RPA2, RPL23A, HIPK1, CENPF, LYRM4, RPS6KB1, NFIB, STK17B, NFIC, SERBP1, KLF9, TAF8

	Actin cytoskeleton
	10
	0.018138
	ACTR2, GSN, ZNF185, CFL2, STK17B, FSCN1, LSP1, PPP1R12B, PPP1R9A, SRCIN1

	Mitochondrial outer membrane
	8
	0.018953
	MLXIP, QTRT2, MAVS, TIGAR, RPS6KB1, SLC44A1, AGK, BCL2L2

	Centrosome
	15
	0.023821
	USP2, RAB3IP, KLHL21, BICDL1, ELL2, GNAI2, CENPF, CDK6, CEP57L1, MAK, ORC2, MAPKAPK2, KIFC3, MAPRE1, MARK4

	Early endosome
	10
	0.024351
	VAMP8, PTP4A2, CD4, RAB14, VPS33A, ARRDC3, SNX12, PCSK9, MAPK1, CLCN3

	Lysosomal membrane
	11
	0.028141
	VAMP8, RAB14, RAB12, VPS33A, ANXA6, AP1S1, TMEM106B, UBA1, AP1S3, ATP6V1C1, PI4K2A

	Nuclear outer membrane-endoplasmic reticulum membrane network
	2
	0.035889
	NPLOC4, RAB14

	Membrane
	52
	0.037854
	HBS1L, SLC44A1, CSF1, ARL6IP1, CELF1, PDE3B, EIF4A3, LSP1, ZDHHC3, STS, CCND1, MAN1A2, NIPAL3, ANXA6, AP1S1, SIRPA, OLR1, SLC39A1, EIF5A, ACVR1, ACTR2, ATP6V0E1, SLC30A5, LEMD2, GTPBP1, VAMP8, RPL28, PPIA, PI4K2A, STOML1, NUFIP2, CLCN3, GNAI2, FXR1, PTDSS1, ORC2, MLEC, HMOX1, ATP6V1F, UBL4A, MSR1, TMEM30A, AGK, EIF2AK2, ESR1, SCIMP, CD4, GNL3L, SERBP1, CYP20A1, KRAS, SNTB2

	Endoplasmic reticulum membrane
	24
	0.041486
	EIF5A, ARL6IP1, SAR1B, RAB1B, SHISA5, TOR1AIP2, SHISA2, CYP7B1, PLD3, TMEM189, SPCS3, CYP2C9, ATXN3, CD4, PTDSS1, STS, TMX3, SPTLC3, MLEC, HMOX1, DNAJB9, TMEM189-UBE2V1, PTGFRN, SLC39A1

	Dendrite
	12
	0.042428
	KCNB1, EIF4A3, PPP1R9A, SRCIN1, SLC38A2, MAPK8IP3, RPL28, PI4K2A, ZNF385A, BMPR1A, GNAI2, TXN2

	Microspike
	2
	0.053349
	FSCN1, PROM2

	Ubiquitin-conjugating enzyme complex
	2
	0.053349
	UBE2V1, TMEM189-UBE2V1

	UBC13-UEV1A complex
	2
	0.053349
	UBE2V1, TMEM189-UBE2V1

	Heterochromatin
	3
	0.054752
	CBX6, ORC2, UBA1

	Early endosome membrane
	6
	0.059855
	VAMP8, PLEKHF2, RAB14, PMEPA1, CLCN3, PI4K2A

	Perinuclear region of cytoplasm
	18
	0.060886
	ARF3, CDKN1A, CSF1, VPS33A, USP2, EIF2AK2, PCSK9, VAMP8, FXR1, CENPF, RAB14, RPS6KB1, SERBP1, TAF8, ANXA6, HMOX1, GBP4, PACSIN1

	Mitochondrion
	33
	0.061389
	SLC44A1, NDUFB11, RAB1B, TAT, IREB2, RAP1GDS1, TMTC1, TXN2, RGS2, PERP, NUDT19, ANXA6, MAPK1, GLUL, FBXO7, RARS2, AGK, FAM213A, SOD2, QTRT2, MAVS, GNL3L, SCO1, LYRM4, RPS6KB1, KRAS, UBA1, TPP1, GRSF1, MICU1, MTRF1L, PI4K2A, FAM72A

	Nucleolus
	23
	0.063834
	KDM5A, CDKN1A, SLC30A5, RPL23A, MLLT1, MRO, TXN2, WDR33, FXR1, RGS2, GNL3L, CCND2, TCOF1, STK35, NFIB, NFIC, RPL7L1, HAND1, MXI1, HMOX1, DNAJB9, BRWD1, ZNF385A

	Golgi apparatus
	23
	0.067646
	ARF3, TMEM30A, ATP8A2, SAR1B, RAB1B, SLC30A5, PDE3B, MPL, PCSK9, CLCN3, ESR1, ZDHHC3, STS, RAB14, MAN1A2, CHEK2, PERP, AP1S1, MAPK1, PTGFRN, KIFC3, MAPRE1, PI4K2A

	Actin cap
	2
	0.070494
	ACTR2, GSN

	Protein complex
	13
	0.073236
	CDKN1A, PXK, CAB39, TUBB, NR3C1, EIF4EBP1, MAPK1, UBE2V1, TMEM189-UBE2V1, GLUL, FBXO7, PI4K2A, SNTB2

	Chromatin
	5
	0.078173
	CENPF, CCND2, BAHD1, HMGA1, RPA2

	Membrane raft
	8
	0.082086
	EFNB1, CD4, PODXL, OLR1, KRAS, PI4K2A, GNAI2, PROM2

	Proton-transporting two-sector ATPase complex
	2
	0.087329
	ATP6V1C1, ATP6V1F

	Focal adhesion
	12
	0.099653
	ACTR2, GSN, ZNF185, TSPAN9, ANXA6, HMGA1, MAPK1, KRAS, SRCIN1, PPIA, LPP, SNTB2


BP: Biological processes; CC: Cellular components; EX: Exosome; GO: Gene ontology; MAPK: Mitogen-activated protein kinase.

Supplementary Table 3: GO-MF
	Term
	Count
	P-value
	Genes

	poly(A) RNA binding
	44
	9.41E−06
	OTUD4, SMG1, NUFIP2, CELF1, EIF4A3, HMGB3, PCSK9, UBFD1, RRP7A, FXR1, UNK, TCOF1, ZNF385A, HNRNPA0, EIF5A, RARS2, NCBP2, EIF1AX, STRBP, EIF2AK2, RC3H1, RPL23A, GTPBP1, QKI, PTBP2, WDR33, GNL3L, HNRNPUL1, THRAP3, RPL7L1, SERBP1, SRSF2, FSCN1, RBMS1, UBA1, HDGF, NCBP3, MAPRE1, GRSF1, RPL28, SRSF7, PPIA, TNRC6B, SNTB2

	Ubiquitin protein ligase binding
	16
	3.99E−04
	CDKN1A, EGR2, TUBB, USP2, RPA2, TRAF1, TMEM189, ATXN3, NPLOC4, CBS, CHEK2, TXNIP, UBE2V1, TMEM189-UBE2V1, FBXO7, OTUB1

	Protein binding
	195
	0.001109
	AHCYL2, ARL6IP1, EIF4A3, PPP2R2A, CHEK2, NIPAL3, PTGFRN, CHAC1, AP1S3, IER5, GLUL, FBXO7, ACVR1, CCBE1, ENTPD5, ARRDC3, MAPK8IP3, INPP4A, SCO1, CEP57L1, RRAGD, TXNIP, KCNQ5, RPL28, PI4K2A, RRP7A, FXR1, SYNGR1, EPB41L1, HMOX1, ZBTB7B, ATP6V1C1, MSR1, EGR2, RAB3IP, IGF2, EIF2AK2, IFNLR1, NR2F2, IGF1, NPLOC4, CDKN1A, SMG1, BTG2, MTMR12, SNX12, OTUD7B, PCSK9, UBL5, TRIM2, ANXA6, OLR1, ATMIN, STRBP, TUBB, PAX5, MED26, VAMP8, PITPNM3, TMEM106B, KIFC3, MICU1, MAPRE1, CAB39, GNAI2, MIPOL1, TCOF1, ZNF587, UBL4A, MAP3K3, TIGAR, GSN, KCNB1, GINS4, RPA2, HIPK1, PLXDC2, BLCAP, CENPF, TAOK1, SERBP1, C16ORF87, OTUD4, CRCP, CSF1, FBXO28, MPL, NR3C1, TXN2, RGS2, CCND2, CCND1, CFL2, ARHGDIA, GRB10, TPM3, EIF1AX, VPS33A, USP2, SHISA5, SRCIN1, RNF41, C1ORF116, TMX3, HNRNPUL1, MAK, MAPKAPK2, SRSF2, FSCN1, UBE2V1, SRSF7, PPIA, NDUFB11, IREB2, BTF3L4, LPP, PLD3, ATXN3, EIF1AD, EFNB1, PODXL, ORC2, EIF4EBP1, EIF4EBP2, MARK4, SLC38A2, WNT3, ATP6V1F, PACSIN1, CBX6, HMGA1, ESR1, QKI, MAVS, GNL3L, CDK6, UBA1, TPP1, TCF4, BCL2L2, BMPR1A, KDM5A, PLEKHF2, CELF1, PDE3B, HP1BP3, HMGB3, PPP1R9A, PMEPA1, TNPO2, EIF5A, NAA30, TRPC3, NCBP2, TRAF1, SETBP1, THRAP3, CTDSP1, HAND1, RBMS1, NCBP3, PPP1R12B, THOP1, OTUB1, FAM72A, STOML1, NUFIP2, WBP2, RAB1B, RAP1GDS1, PRCC, MLLT1, FOXK1, PBXIP1, TOB2, CLCN3, CBS, BAHD1, MXI1, DNAJB9, MAPK1, TMEM30A, RPL23A, SCIMP, CD4, RPS6KB1, RAB14, TNIP3, RAB12, TAF8, RBM41, KRAS, PTPN4, TNRC6B, SNTB2

	Nucleotide binding
	16
	0.002727
	PXK, CRCP, CELF1, NCBP2, RPL23A, PTBP2, RRP7A, RBM41, SRSF2, RBMS1, HDGF, NCBP3, GRSF1, SRSF7, HNRNPA0, TNRC6B

	GTP binding
	16
	0.00676
	ARF3, HBS1L, SAR1B, RAB1B, TUBB, GTPBP1, NUGGC, GNAI2, IRGQ, GNL3L, RAB14, RAB12, RRAGD, ANXA6, KRAS, GBP4

	mRNA binding
	8
	0.0098
	FXR1, CELF1, NCBP2, EIF4A3, NCBP3, GRSF1, QKI, PTBP2

	Protein serine/threonine kinase activity
	15
	0.012921
	ACVR1, SMG1, CDK19, CAB39, EIF2AK2, HIPK1, STK35, CHEK2, STK17B, TAOK1, MAK, MAPKAPK2, MAPK1, MARK4, BMPR1A

	GTPase activity
	11
	0.014058
	ARF3, HBS1L, GNL3L, RAB14, SAR1B, TUBB, RRAGD, KRAS, GTPBP1, GBP4, GNAI2

	Protein phosphatase 2A binding
	4
	0.014096
	RPS6KB1, EIF4EBP1, PPP2R2A, ARPP19

	Translation repressor activity
	3
	0.017597
	IREB2, EIF4EBP1, EIF4EBP2

	Protein kinase activity
	14
	0.01989
	ACVR1, MAP3K3, SMG1, PXK, CDK19, EIF2AK2, HIPK1, CCND1, RPS6KB1, CHEK2, STK17B, TAOK1, MAK, MAPKAPK2

	Hydrogen ion transmembrane transporter activity
	4
	0.022306
	ATP6V0E1, SLC36A2, ATP6V1C1, ATP6V1F

	Translation elongation factor activity
	4
	0.026179
	EIF5A, HBS1L, ELL2, GTPBP1

	Enzyme binding
	12
	0.053785
	CD4, CDK19, CCND1, HNRNPUL1, CBS, HAND1, HMGA1, SNX12, MLEC, RPA2, HMOX1, ESR1

	Cyclin binding
	3
	0.05438
	CDKN1A, CDK6, USP2

	ATPase coupled ion transmembrane transporter activity
	2
	0.055801
	ATP6V0E1, ATP6V1F

	Protein phosphatase type 2A regulator activity
	3
	0.059371
	EIF2AK2, PPP2R2A, ARPP19

	Thiol-dependent ubiquitin-specific protease activity
	5
	0.065463
	OTUD4, ATXN3, USP2, OTUD7B, OTUB1

	mRNA 3′-UTR binding
	4
	0.065666
	FXR1, SERBP1, RC3H1, ZNF385A

	RNA 7-methylguanosine cap binding
	2
	0.073702
	NCBP2, NCBP3

	Uridine-diphosphatase activity
	2
	0.073702
	ENTPD4, ENTPD5

	Proton-transporting ATPase activity, rotational mechanism
	3
	0.08644
	ATP6V0E1, ATP6V1C1, ATP6V1F

	N-acylphosphatidylethanolamine-specific phospholipase D activity
	2
	0.091266
	NAPEPLD, PLD3

	Transcription corepressor activity
	8
	0.092224
	CCND1, MXI1, HAND1, SRSF2, TCF4, PBXIP1, NR2F2, TOB2

	Protein complex binding
	8
	0.097743
	CDKN1A, CCND1, TUBB, MTHFR, PPP2R2A, KRAS, NR3C1, TXN2

	RNA binding
	16
	0.099875
	EIF5A, KHNYN, NUFIP2, CELF1, NCBP2, STRBP, IREB2, NR3C1, QKI, PTBP2, FXR1, HNRNPUL1, RBMS1, GRSF1, RPL28, HNRNPA0


BP: Biological processes; CC: Cellular components; GO: Gene ontology; MAPK: Mitogen-activated protein kinase; MF: Molecular functions; WB: Western blotting.

Supplementary Table 4: KEGG pathway enrichment analysis
	Term
	Count
	P-value
	Genes

	p53 signaling pathway
	9
	5.42E−05
	CDKN1A, CDK6, CCND2, CCND1, SESN3, CHEK2, PERP, SHISA5, IGF1

	mTOR signaling pathway
	6
	0.006086
	RPS6KB1, CAB39, RRAGD, EIF4EBP1, MAPK1, IGF1

	Proteoglycans in cancer
	11
	0.007078
	CDKN1A, WNT10A, CCND1, RPS6KB1, IGF2, MAPK1, KRAS, IGF1, PPP1R12B, ESR1, WNT3

	Viral carcinogenesis
	11
	0.008369
	CDKN1A, EGR2, GSN, CDK6, CCND2, CCND1, MAPKAPK2, MAPK1, EIF2AK2, KRAS, TRAF1

	Glioma
	6
	0.009808
	CDKN1A, CDK6, CCND1, MAPK1, KRAS, IGF1

	Melanoma
	6
	0.014048
	CDKN1A, CDK6, CCND1, MAPK1, KRAS, IGF1

	Thyroid cancer
	4
	0.0201
	CCND1, TPM3, MAPK1, KRAS

	Signaling pathways regulating pluripotency of stem cells
	8
	0.022943
	ACVR1, WNT10A, HAND1, MAPK1, KRAS, IGF1, WNT3, BMPR1A

	Acute myeloid leukemia
	5
	0.026078
	CCND1, RPS6KB1, EIF4EBP1, MAPK1, KRAS

	mRNA surveillance pathway
	6
	0.036544
	HBS1L, SMG1, NCBP2, EIF4A3, PPP2R2A, WDR33

	AMPK signaling pathway
	7
	0.037909
	RAB14, CCND1, RPS6KB1, CAB39, EIF4EBP1, PPP2R2A, IGF1

	Cysteine and methionine metabolism
	4
	0.040721
	AHCYL2, CBS, TAT, AMD1

	Aldosterone-regulated sodium reabsorption
	4
	0.043481
	MAPK1, ATP1B4, KRAS, IGF1

	HIF-1 signaling pathway
	6
	0.044396
	CDKN1A, RPS6KB1, EIF4EBP1, HMOX1, MAPK1, IGF1

	Bladder cancer
	4
	0.049276
	CDKN1A, CCND1, MAPK1, KRAS

	FoxO signaling pathway
	7
	0.053655
	CDKN1A, CCND2, CCND1, MAPK1, KRAS, IGF1, SOD2

	Prolactin signaling pathway
	5
	0.054886
	CCND2, CCND1, MAPK1, KRAS, ESR1

	Chronic myeloid leukemia
	5
	0.05724
	CDKN1A, CDK6, CCND1, MAPK1, KRAS

	Hepatitis B
	7
	0.07287
	CDKN1A, MAVS, EGR2, CDK6, CCND1, MAPK1, KRAS

	Oxytocin signaling pathway
	7
	0.08276
	CDKN1A, RGS2, CCND1, MAPK1, KRAS, PPP1R12B, GNAI2

	Progesterone-mediated oocyte maturation
	5
	0.098807
	PDE3B, MAPK1, KRAS, IGF1, GNAI2

	ErbB signaling pathway
	5
	0.098807
	CDKN1A, RPS6KB1, EIF4EBP1, MAPK1, KRAS


AMPK: AMP-activated protein kinase; BP: Biological processes; CC: Cellular components; mTOR: Mammalian target of rapamycin; MAPK: Mitogen-activated protein kinase; p53: Protein P53; ErbB.

Supplementary Table 5: The details of the human SF donor samples.

	Items
	Early-stage KOA
	Last-stage KOA

	Number of samples
	6
	6

	Male/female
	2/4
	3/3

	Age (years)
	65.63 ± 12.37
	67.52 ± 10.49

	BMI (kg/m2)
	25.17 ± 3.86
	26.84 ± 4.10


SF: Synovial fluid; BMI: Body Mass Index.

Supplementary Table 6: The primers of these DEMs.

	DEMs
	Sequences

	hsa-miR-130b-3p
	F: GGGCAGTGCAATGATGAAA

R: GAGAGGAGAGGAAGAGGGAA

	hsa-miR-7108-3p
	F: ACCCGCCCGTCTCC

R: TCCTCCTCTCCTTCCTTCTC

	hsa-miR-1271-5p
	F: GGCTTGGCACCTAGCAAG

R: TCCTCCTCTCCTCTCCTCTC

	hsa-miR-629-5p
	F: GGGTGGGTTTACGTTGGG

R: GAGAGGAGAGGAAGAGGGAA

	hsa-miR-877-5p
	F: AGGGGTAGAGGAGATGGC

R: GTTGTGGTTGGTTGGTTTGT

	hsa-miR-7847-3p
	F: CCGTGGAGGACGAGGA

R: AAAGAGAAGAGCAACCGACA

	hsa-miR-3976
	F: AGGGTATAGAGAGCAGGAAGAT

R: GTTGTGGTTGGTTGGTTTGT

	hsa-miR-3196
	F: CGGGGCGGCAGG

R: GTTGTGGTTGGTTGGTTTGT

	hsa-miR-3126-5p
	F: GGTGAGGGACAGATGCCA

R: GAGAGGAGAGGGAGAGGAGA

	RNU6B
	F: CAAGGATGACACGCAAAT

R: TGGTGTCGTGGAGTCG


CC: Cellular components; DEMs: Differentially expressed miRNAs; miRNAs: MicroRNAs.
