Supplementary materials

Materials and Methods
Transcriptome sequencing and bioinformatics analysis
Transcriptome sequencing was performed by Shanghai Kangcheng Bioengineering Co., LTD. (Shanghai, China). Briefly, RA FLS treated with PBS or THY-1 Ab was collected, and the total RNA was extracted. Then, RNA sequencing libraries were established. The differentially expressed genes (DEGs) were screened by stringent criteria (|log2 fold change| > 1.5 and P < 0.05). Then, bioinformatics analyses, including Gene Onotology (GO) (biological processes [BP]) and Kyoto Encyclopedia of Genes and Genomes (KEGG) were used in exploring the potential functions and pathways of overlapping genes. The critical value of significant gene enrichment was set at P < 0.05.

CCK8 assay
RA FLS was obtained for inoculation in 96-hole plate and were randomly divided into five groups. Each group had five small holes, and each hole had 1 × 105 cells. After incubation for 12 h, 100 μL of serum-free culture medium was added to each hole for 12 h serum starvation. THY-1 Ab was diluted with DMEM containing 10% FBS. Five concentration gradients (0, 0.25, 1, 4, and 16 μM) were prepared for each group, and 50 μL of each corresponding reagent was added to each hole. Maintained in a 37 ℃，5% carbon dioxide incubator for 36 h. Cell counting kit-8 (DOJINDO, Japan) was used in assessing the effects of THY-1 Ab on RA FLS proliferation. Then, absorbance was determined at 450 nm with a Biotek Synergy2 spectrophotometer (Winooski, VT, USA). The growth curve was calculated and drawn according to the formula below.
Cell inhibition rate = [1 − (experiment group A value)] × 100

Immunohistochemistry
The formalin-fixed paraffin sections of the joints were subjected to rehydration, and endogenous peroxidase activity was quenched with 3% H2O2. Next, we blocked the sections with bovine serum albumin (BSA) and incubated them with primary anti–RANKL and NFATc1 (Proteintech Chicago USA) according to the manufacturer’s protocol. The slides were incubated with HRP-conjugated secondary antibody (Abcam, Cambridge, UK), visualized using the 3, 3′-diaminobenzidine (DAB) technique, counterstained with hematoxylin, and dehydrated. We evaluated the sections using an Eclipse 80i microscope and analyzed the images by using Nikon NIS-Elements software (both Nikon, Tokyo, Japan).

Quantitative real-time PCR analysis
Total RNA samples in RA FLS were isolated with TRIzol Reagent according to the protocol. The cDNA was synthesized with PrimeScript RT reagent kit with gDNA Eraser (TAKARA, Japan), and mRNA expression was detected with SYBR Premix Ex Taq II (TAKARA, Japan) through quantitative real-time PCR (qRT-PCR). The gene-specific primers used are listed in Table S2. GAPDH levels were used as internal controls, and fold change was calculated through relative quantification (2–ΔΔCt).

Western blotting
The total protein was extracted from each group, and protein concentration was assessed with a quantitative kit (P0012, Beyotime, China). We obtained lysates and separated proteins through sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and subsequently transferred them to polyvinylidene difluoride (PVDF) membranes. Blots were incubated with primary antibodies: anti-CD90 (Abcam, Cambridge, UK), anti–VEGF (Proteintech, Chicago, USA), anti-SPI1 (Proteintech, Chicago, USA), anti-JUNB (Proteintech, Chicago, USA), or GAPDH (bioWORLD, Dublin, Ohio, US) overnight at 4°C. Incubation with secondary anti-rabbit horseradish peroxidase (HRP) or anti-mouse HRP (Hangzhou MultiSciences [Lianke] Biotech Co., Ltd., Hangzhou, China) was performed at room temperature (RT) for 1 h. We used an electrochemiluminescence (ECL) system and Western blot detection kit (Amersham Biosciences [GE Healthcare, Chicago, Illinois, US]) for antibody detection. Protein gray value detection was analyzed with Image J.
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Transfection assay
SPI1 pCDNA3.1-EGFP plasmid was purchased from Tsingke (Beijing, China). The SPI1 pCDNA3.1-EGFP plasmid was used to up-regulate SPI1 and transfected into cultured RA FLS. RA FLS were grown on six well plates to confluence and transfected using Lipofectamine 2000 (Invitrogen) according to the manufacturer instructions. Forty-eight hours after transfection, cells were harvested for Western blot analysis.
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Fig.S1: Schematic diagram of the THY-1 extracellular domain vector. 
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Fig.S2: Specific information of THY-1 Ab.
A: Schematic diagram of the THY-1 Ab vector. B: Electrophoretic diagram of purified THY-1 Ab protein. C：Amino acid sequences of scFv antibody THY-1 Ab in mass spectrometry. The VH chain is shown in red, the VL is shown in yellow, and the linker is shown in black. D: Interaction condition between THY-1 Ab and human THY-1 extracellular domain residues.
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Fig.S3: Molecular docking results of murine THY-1 extracellular domain and THY-1 Ab.
A: Blast results of the amino acid sequences of human (top) and murine (bottom) THY-1 extracellular domains. B: Binding mode of murine THY-1 extracellular domains and THY-1 Ab was simulated on ZDOCK server. C: Interaction condition between THY-1 Ab and murine THY-1 extracellular domain residues. D: Interaction condition between THY-1 Ab and murine THY-1 extracellular domain hydrogen bond.
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Fig.S4: Scatter diagram of DEGs in FLS intervened by THY-1 Ab.
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Fig.S5: Schematic diagram of the mutant THY-1 Ab vector.
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Fig.S6: After three kinds of THY-1 shRNA knocked down THY-1, the level of IL-6 was detected by ELISA. ShTHY-1#1 is used for subsequent knockdown of THY-1. *P < 0.05,  ***P < 0.001, and NS no significant differences.
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Fig.S7: The effect of substances produced by THY-1 Ab intervention on RA FLS on angiogenesis of chick embryo allantoic membrane.
A: Substances produced by THY-1 Ab intervention on RA FLS were collected for the treatment of the chick embryo chorioallantoic membrane (CAM) assay areas. Angiogenesis was determined by the CAM assay in vivo. CAM was examined using a stereomicroscope, and photographs were obtained. B: CAM areas were calculated with Image J. Bar graph: ratio of vascular area to CAM area. (n=3) ***P < 0.001.
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Fig.S8: NFATc1 immunohistochemical results of mouse knee joints.
A: Representative images of Immunohistochemical staining of NFATc1 (100 × field of view). B: Scores for the content of NFATc1 were measured by image J. (n=7) ***P < 0.001, ****P < 0.0001.
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Fig.S9: THY-1 Ab regulated JUNB expression and affected angiogenesis and osteoclast differentiation via the hsa_circ_0094342/miRNA-155-5P/SPI1 axis.
A: mRNA expression level of JUNB after the overexpression of SPI1 was determined with qPCR. B: Protein expression level of JUNB after the overexpression of SPI1 was detected with Western Blot. C: qPCR was used to detect the expression levels of seven predicted circRNAs that were able to bind to miRNA-155-5P (n=15). They were hsa_circ_0109320, hsa_circ_0104670, hsa_circ_0067835, hsa_circ_0001829, hsa_circ_0006282, hsa_circ_0065173, hsa_circ_0008532. **P < 0.01, ***P < 0.001, ****P < 0.0001, and NS no significant differences.
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