[bookmark: OLE_LINK1][bookmark: _GoBack]Supplementary materials and methods
Primary GBM cell isolation and culture
GBM tissues were minced and digested in a suspension containing 0.25% trypsin and 10 U/ml−1 DNase I (HyClone, USA) for 60 min at 37°C. ACK lysis buffer (Beyotime Biotechnology, China) was added to lyse red blood cells. Afterwards, the above suspensions were washed and filtered through a 100 μm strainer. Primary GBM cells were cultured in DMEM/F12 (HyClone, USA) supplemented with 10% foetal bovine serum (FBS, HyClone, USA) to maintain growth for further assays.
Identification of miR-652-5p
[bookmark: OLE_LINK28]Control and HIF2α-ko cells were cultured under normoxic or hypoxic conditions for 24 h prior to measurement of miR-652-5p expression using RT‒qPCR. The sequences of the primers used for miR-652-5p amplification are shown in Supplementary Table S6. The miR-652-5p mimic and inhibitor fragments were purchased from Sangon Biotechnology (Shanghai, China), and the detailed sequences are shown in Supplementary Table S7. The detailed steps for the transfection of these fragments into GBM cells were performed according to the relevant instructions.
Detection of miR-652-5p promoter methylation
The correlation between HIF2α and DNMT1 expression was analysed on the basis of mRNA expression in samples from 40 patients. RT‒qPCR was used to measure the expression of miR-652-5p in vector control, HIF2α-ko, 5-aza-CdR-treated and DNMT1-ko cells under hypoxic conditions. The genomic DNA of GBM cells was extracted using a genomic DNA extraction kit (Tiangen, China) and then denatured and subjected to bisulphite conversion using a bisulphite conversion kit (Tiangen, China). The transformed DNA was used as a template for PCR amplification with an MSP Kit (Tiangen, China), and the sequences of the primers used are shown in Supplementary Table S8. The reaction conditions were as follows: 95°C for 5 min; 35 cycles at 94°C for 20 s, 60°C for 30 s, and 72°C for 20 s; and 72°C for 5 min. The reaction products were subjected to agarose gel electrophoresis, and the gel was photographed for analysis. To further analyse the changes in the methylation level of the miR-652-5p promoter, we performed MeDIP assays using a EpiQuik™ Methylated DNA Immunoprecipitation Kit (Epigentek, USA). Cells were fixed and sonicated to isolate chromatin, immunoprecipitation was performed using a specific primary antibody against 5'-methylcytosine, and DNA–protein complexes were subjected to decrosslinking and purified to obtain methylated DNA, which was used as a template for RT‒qPCR. The primers used for the detection of miR-652-5p promoter methylation by MeDIP are shown in Supplementary Table S9.
RT‒qPCR and western blot analyses
[bookmark: OLE_LINK4][bookmark: OLE_LINK59][bookmark: OLE_LINK20][bookmark: OLE_LINK19]Glioma tissues and GBM cells cultured in 21% O2 or 1% O2 for 72 h were used to measure HIF2α, SDC1, TGFβ2, MMP9, ERBB4 and pERBB4 protein levels via western blotting. GBM cells expressing the miRNA-652-5p mimic were cultured in 21% O2 or the miRNA-652-5p inhibitor and cultured in 1% O2 for 72 h, after which SDC1 and TGFβ2 expression was measured by RT‒qPCR, and SDC1, SDC1-Intra, TGFβ2, ERBB4, pERBB4 and MMP-9 protein levels were measured by western blotting. Negative control, SDC1-knockdown and TGFβ2-knockdown cells were cultured in 1% O2 for 72 h, after which the protein levels of SDC1, TGFβ2, CD63, PI3K, PDK1, p-PDK1, AKT, p-AKT, mTOR, PCNA, N-cadherin, ERBB4 and pERBB4 were measured by western blotting. We also collected exosomes from the culture medium of negative control, SDC1-knockdown and TGFβ2-knockdown cells to measure SDC1, CD63 and TGFβ2 expression by western blotting.
In accordance with the manufacturer’s instructions, total RNA was first prepared with TRIzol (Invitrogen, USA), followed by melting (94°C for 5 min), denaturing (94°C for 30 s), annealing (57°C for 30 s), and extension (72°C for 30 s) for a total of 40 cycles, and the sequences of the primers used for RT‒qPCR analysis are shown in Supplementary Table S6.
Prechilled RIPA buffer (Beyotime Biotechnology, China) was used to prepare the total protein, which was subjected to SDS‒PAGE and transferred to nitrocellulose membranes, which were blocked with 5% non-fat milk and incubated with antibodies against HIF2α, SDC1, TGFβ2, MMP9, ERBB4, pERBB4, PI3K, PDK1, p-PDK1, AKT, p-AKT, mTOR, CD63, SDC1-Intra and PCNA at 4°C overnight, and the related information regarding primary antibodies is presented in Supplementary Table S10. HRP-labelled secondary antibodies (Beyotime Biotechnology, China) were added to the medium and incubated at 37°C for 1 h. Enhanced chemiluminescence was used for visualization.
Immunofluorescence detection
The cells and tissues were fixed in 4% paraformaldehyde at 4°C for 30 min, washed with PBS supplemented with 0.5% Triton X-100 (Sigma, USA), and blocked with 10% normal serum. Primary antibodies against HIF2α, SDC1, TGFβ2, CD63 and ERBB4 were incubated at 4°C for 24 h. The cells were then washed with PBS for 5 min and incubated for 2 h at 37°C with fluorophore-labelled secondary antibodies (CST, USA), after which images were acquired using a laser scanning confocal microscope (LSM780, ZEISS, Germany).
Binding sequences between SDC1 and TGFβ2 and miR-652-5p
[bookmark: OLE_LINK38]TargetScan (Https://www.targetscan.org/vert_72/) was used to predict the miR-652-5p binding sequences in SDC1 and TGFβ2, and the highest scoring predicted sequence was chosen for verification. The wild-type and mutated promoter sequences of the SDC1 and TGFβ2 genes were inserted into the pGL3-basic luciferase reporter vector. The promoter reporter plasmids described above were transfected with a PRL plasmid (Promega) into HEK293T, HEK293T-miR-652-5p-mimic and HEK293T-miR-652-5p-inhibitor cells using Lipofectamine 2000 reagent. After transfection for 24 h, a Dual-Luciferase Assay Kit was used to measure luciferase activity in the lysed cells, and promoter activity was evaluated through the measurement of luciferase activity in each group.
[bookmark: OLE_LINK124]sSDC1 and TGFβ2 measurement by ELISA
[bookmark: OLE_LINK47][bookmark: OLE_LINK8][bookmark: OLE_LINK60][bookmark: OLE_LINK42][bookmark: OLE_LINK61][bookmark: OLE_LINK62]miR-652-5p mimic and inhibitor cells were seeded at a density of 2×105 cells per well in 6-well plates with DMEM+10% FBS and cultured in 1% O2 for 72 h. The medium of the cells described above was collected for measurement of sSDC1 and TGFβ2 levels using ELISA. In addition, 2×105 cells from the negative control, SDC1-knockdown and TGFβ2-knockdown GBM groups were cultured in 1% O2 for 72 h and used for the collection of exosomes, which were used for the measurement of TGFβ2 levels via ELISA. Exosomes were extracted and purified using an extraction and purification kit (Umibio, UR52121, Shanghai). In the first step, the samples were centrifuged for 10 min at 3000 × g and 4°C, and 5 ml of exosome concentration solution was added to the supernatant for incubation at 4°C overnight. Subsequently, the samples were centrifuged at 10000 × g for 60 min at 4°C, the supernatant was removed, and the precipitate was resuspended in PBS. After another centrifugation step at 12000 × g for 2 min at 4°C, the supernatant was transferred to the exosome purification filter. The exosomes were purified by centrifugation at 3000 × g for 10 min at 4°C, and the exosome precipitates were resuspended in PBS for TEM and NTA identification. A human TGFβ2 ELISA kit (Invitrogen, USA) and an SDC1 ELISA kit (BBI, Shanghai) were used to quantify expression using an ELISA plate reader (Varioskan Flash, Thermo Scientific, USA) at 450 nm.
BiFC assay
[bookmark: OLE_LINK34]In this test, fusions with an N-terminal mVenus (VN173) tag and a C-terminal mCerulean (CC155) tag were used for BiFC. The detailed sequences inserted into the plasmid are presented in Supplementary Table S12. The pBIFC-VN173 and pBIFC-CC155 plasmids were purchased from Youbio Biology (Hunan, China). The plasmids were linearized by digestion with EcoRI and KpnI and then ligated to TGFβ2, SDC1 or ERBB4 through seamless cloning. The sequence was verified by sequencing, and subsequent experiments were performed. The pBiFC-VN173 and pBiFC-CC155 plasmids were transfected into 293 cells at a 1:1 ratio with Lipofectamine. After the cells were cultured for 24 h, fluorescence images were acquired using a laser scanning confocal microscope (LSM780; Zeiss, Germany).
Co-IP assay
[bookmark: OLE_LINK65][bookmark: OLE_LINK63][bookmark: OLE_LINK94]SDC1 or TGFβ2 was overexpressed in U87 cells. To verify the critical role of the HS chains of SDC1 in protein binding, heparinase II (NEB, USA) was added to the culture medium and incubated at 37°C overnight. The cells were then collected for protein immunoprecipitation with 2 μg of an anti-TGFβ2 antibody at 4°C overnight. The precipitated complexes were obtained after addition of protein A+G agarose (Beyotime, Shanghai). After denaturation at high temperature, the precipitated complexes were washed, an appropriate amount of 1× loading buffer was added, and electrophoresis was performed to measure the protein levels of SDC1, sSDC1, TGFβ2, ERBB4 and pERBB4. Detailed information regarding the primary antibodies used is presented in Supplementary Table S10.
[bookmark: OLE_LINK125]Live cell imaging assay
[bookmark: OLE_LINK107]The human SDC1 or TGFβ2 gene with a C-terminal mScarlet tag was inserted into the pCDH-CMV-MCS-EF1-Puro vector at the EcoRI and BamHI restriction sites. The pHluorin protein was inserted into the first outer loop of the CD63 protein at amino acid 43. The mScarlet and pHluorin sequences were synthesized by Sangon Biotech (Shanghai, China) and are presented in Supplementary Table S13. The sequences were inserted into the pLV-EF1α-MCS-IRES-BSD vector at the EcoRI and BamHI restriction sites. The above-mentioned vectors were cotransfected with psPAX2 and pMD2. G into 293T cells for lentivirus packaging. Blasticidin was added to the medium of concentrated and purified virus-infected cells, and drug-resistant cells were identified by screening. GBM cells expressing pHluorin-CD63 and SDC1-RFP and GBM cells expressing pHluorin-CD63 and TGFβ2-RFP were seeded at a ratio of 1:1 in 24-well plates. After the cells adhered to the wall, fluorescence imaging was performed using a live cell workstation at 15 min intervals for 12 h.
Generation of SDC1-kd, TGFβ2-kd, simultaneous SDC1/TGFβ2-kd, DNMT1-ko and HIF2α-ko cells
[bookmark: OLE_LINK31][bookmark: OLE_LINK56][bookmark: OLE_LINK72]Lentiviral SDC1 shRNA, lentiviral TGFβ2 shRNA, and lentiviral negative control shRNA were inserted into pLVX-shRNA2 at the EcoRI and BamHI restriction sites. These lentiviral vectors were transfected into 293T cells with the packaging plasmid psPAX2 and the envelope plasmid pMD2.G. After transfection for 48 h, the virus particles in the supernatant were collected, filtered and used for transduction of GBM cells. GBM cells were seeded in DMEM supplemented with 10% FBS. Cells in the logarithmic phase were used for liposomal transfection with SDC1-shRNA, TGFβ2-shRNA and Nc-shRNA according to the relevant instructions. After 6 h of transient transfection, the culture medium was replaced with fresh DMEM supplemented with 10% FBS. After culture for another 24 h, the cells were collected, and the expression of SDC1 and TGFβ2 was measured by western blotting. The cells with the lowest expression after interference were used for subsequent experiments. HIF2α and DNMT1 lentiviral single-guide (sgRNA) and negative control sgRNA were inserted into the lentiCRISPRv2 plasmid, and the detailed steps of lentiviral transduction were similar to those described in our last published article1. The sequences of the lentiviral shRNA and sgRNA oligonucleotides described above are listed in Supplementary Tables S14 and S15. The cells described above were cultured in DMEM+10% FBS to maintain growth.
[bookmark: OLE_LINK126]Statistical analysis
[bookmark: OLE_LINK66]SPSS 22.0 was used for statistical analysis. The data are shown as means±standard deviations (SDs). The significance of differences between two groups was analysed using a paired samples t test, and one-way ANOVA was used for comparisons among three groups. The log-rank test was used to analyse the significance of differences in survival time. The Pearson correlation coefficient was used to analyse correlations between genes. P<0.05 was considered to indicate a statistically significant difference.
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