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The lentiviral vector, pLKO-TRC014, was constructed to carry short hairpin RNA (shRNA) for gene knockdown.  In this study, three shRNA sequences were used for inhibition of MMP2 expression in ALTS1C1 cell line and one shRNA for inhibition of luciferase was designed for ruling out off-target effects of the MMP-2 shRNA. CTCGAG were the loop sequence of shRNA used to connect the sense and antisense of siRNA sequence. The designed top (tail with CCGGT [AgeI cohesive end] sequence at the 5’ end) and bottom (tail with AATTC [EcoRI cohesive end] sequence at the 5’ end) shRNA oligonucleotide were described as follows: shRNA-1 Top: 5’-CCGGTGACAGTGGATGATGCCTTTTCTCGAGAAAAGGCATCATCCACTGTCTTTTTG, shRNA-1 bottom: 5’-AATTCAAAAAGACAGTGGATGATGCCTTTTCTCGAGAAAAGGCATCATCCACTGTCA; shRNA-2 Top: 5’-CCGGTAGTTGGCAGTGCAATACCTGACTCGAGTCAGGTATTGCACTGCCAACTTTTTTG, shRNA-2 bottom: 5’-AATTCAAAAAAGTTGGCAGTGCAATACCTGACTCGAGTCAGGTATTGCACTGCCAACTA; shRNA-3 Top: 5’-CCGGTGCCCAAGTGGGACAAGAACCTCGAGGTTCTTGTCCCACTTGGGCTTTTTG, shRNA-3 bottom 5’-AATTCAAAAAGCCCAAGTGGGACAAGAACCTCGAGGTTCTTGTCCCACTTGGGCA; shLuc Top: 5’- CCGGTGTGCGTTGCTAGTACCAACCCTATTTCTCGAGAAATAGGGTTGGTACTAGCAACGCACTTTTTG, shLuc bottom: 5’-AATTCAAAAAGTGCGTTGCTAGTCCAACCCTATTTCTCGAGAAATAGGGTTGGTACTAGCAACGCACA. The top strand and bottom strand of oligonucleotides were mixed at a 1:1 ratio (final concentration 50μM) and the annealing of oligonucleotides was performed in a thermal cycler. The annealing program consists of four steps: 95℃ for 30 sec, 72℃ for 2 min, 37℃ for 2 min and 25℃ for 2 min. The annealed oligos were ligated into pLKO-TRC014 vector via AgeI and EcoRI sites.

RNA isolation and Real-time Quantitative PCR (Q-PCR)
Total RNA was isolated from cells by TRIzol reagent according to manufacturer’s protocol (Invitrogen). Total RNA (2μg) was reverse transcripted into cDNA by Omniscript reverse transcriptase kit (Qiagen). Q-PCR was performed in a TaqMan 5700 sequence detection system (Applied Biosystems) and analyzed using the ABI Prism 7900HT sequence detection system. The relative MMP2 gene expression was determined by the Ct of the gene transcript normalized to the endogenous control (β-actin).  The primers of genes were designed by the Primer Express 3.0 software and the pairs for mouse MMP2 were described as following: (forward, 5’-GCACCATCGCCCATCATC-3’; and reverse, 5’-TGCCAACTCTTTGTCTGTTTTAGG-3’); for mouse β-actin (forward, 5’-GGCTCTTTTCCAGCCAGCCTTCC-3’; and reverse, 5’-GTCTTTACGGATGTCAACG-3’).

Gelatin zymography for tumor lysates
Protein from brain tumors of ALTS1C1 or MMP2kd tumor-bearing mice were extracted by T-PER tissue protein extraction reagent (Thermo Scientific) containing 1×protease inhibitor cocktail (Roche), quantified by BCA protein assay kit (Thermo Scientific), and equal amounts of protein were loaded to determine MMP2 activity performed by gelatin zymography. Protein of ALTS1C1 or MMP2kd tumor lysates were incubated with SDS gel sample buffer for 10 min at room temperature and electrophoresed on a 10% SDS-polyacrylamide gel containing gelatin (1mg/ml). After electrophoresis, the gel was rinsed twice in 2.5% Triton X-100 at room temperature, renatured in a buffer containing 40mM Tris-HCl pH8.0, 10mM CaCl2 and 0.01% NaN3 and incubated at 37℃. After 24 hrs, the gel was stained with coomassie brilliant blue R-250 for 1 hr and destained with destaining solution.  The integrative intensity of the gelatinase bands was quantified by ImageJ1.48v software (NIH).

Senescence detection
Senescence cells display senescence-associated expression of β-galactosidase (SA-β-Gal) activity.  The procedure was performed according to the manufacturer’s protocol (abcam).  Briefly, tissue sections were fixed in 1% formalin in PBS for 1 min at RT and washed by PBS.  Sections were immersed with beta-Gal staining solution and incubated at 37℃ overnight.  Positive cells will be observed in blue color under microscope.  The nucleus was visualized with nuclear fast red (red) stain.


Supplementary figures

Figure S1. The level of MMP2 expression was suppressed effectively by lentiviral shRNA system in vitro. After two-week selection by 8 g/ml puromycin, the expression of MMP2 gene in ALTS1C1, control shLuc and three shRNA transfected cell-lines was determined by (A) RT-PCR and (B) Q-PCR. The expression of MMP2 was highly inhibited after lentiviral shRNA infection, in particular when shRNA2 was used. (C) The activity of MMP2 was detected by gelatin zymography assay. The white band represents MMP-2 activity after gelatin digestion. (D) Quantification of MMP-2 activity in zymography gel using ImageJ software. Relative expression was determined using the activity of siRNA transfected cells normalized to those from the control ALTS1C1 cell-line. *P<0.05, ***P<0.001.

Figure S2. Effects of control shLuc transfection on cell proliferation, cell invasion, and the survival of brain tumor-bearing mice.  (A) In vitro cell proliferation rate had no difference between ALTS1C1 and shLuc cells. (B) shLuc transfection has no effect on the migration and invasive ability of ALTS1C1 cells. (C) Kaplan-Meier survival curves of ALTS1C1 (n=3) and shLuc (n=3) tumor-bearing mice in one experiment. 

Figure S3. MMP-2 activity was reduced in MMP2kd brain tumor microenvironments. MMP-2 activity of tumor lysates extracted from the brains of tumor-bearing mice was examined by gelatin zymography assay. The MMP-2 activity in zymography gel was measured by using ImageJ software and relative MMP2 activity in MMP2kd tumor was normalized to that from ALTS1C1 tumor.  
 
Figure S4. The index of cell death had no difference between ALTS1C1 and MMP2kd tumors.  (A) Caspase-3 (left panel) and LC3B (right panel) were stained to examine the level of apoptosis and autophagy in ALTS1C1 and MMP2kd tumors. The nucleus was visualized with hematoxylin staining (blue). (B) There was no significant difference of caspase-3 or LC3B expression between these two tumors.  (C) Senescence-associated expression of β-galactosidase (SA-β-Gal) activity (marker for senescence) is barely detected in both ALTS1C1 and MMP2kd tumors. The nucleus was visualized with nuclear fast red (red) stain.

Figure S5. VEGF expression was upregulated in MMP2kd tumors. Protein samples were extracted from normal brain, ALTS1C1 tumors, and MMP2kd tumors, and the level of VEGF was quantified by ELISA assay and normalized to the amount of protein. *P <0.05, **P<0.01.

Figure S6. MMP2 inhibition decreased VEGF production in ALTS1C1 cell lines. Parental ALTS1C1 and MMP2 knockdown cells were incubated at 37 ℃ for 24 hours and the supernatants were examined by VEGF ELISA assay. **P<0.01.

Figure S7. VEGF was produced by F4/80+ TAMs and CD31+ cells in MMP2kd tumors.  Tissue sections of MMP2kd tumors were co-stained with VEGF and cell markers (F4/80, CD31, Gr-1, CD4 and CD8).  Most VEGFlow cells were colocalized with F4/80+ cells and some VEGFhi cells were expressed on CD31+ cells. VEGF expression was not found on other stroma cells, like Gr-1+, CD4+ and CD8+ cells. 

Figure S8. Colocalization of MMP2 and GLUT1 expression with CD31 was also found in MMP2kd tumor microenvironments. The co-localization of MMP2 or GLUT1 expression with CD31+ vessels in MMP2kd tumors was stained by fluorescent IHC staining. Representative images of MMP2/CD31 and GLUT1/CD31staining at (A) invasion tumor fronts and (B) infiltrating islands. Scale bar: 100m.

Figure S9. Knockdown SDF-1 in ALTS1C1 tumor cells reduced MMP2 expression in ALTS1C1 tumors. (A) MMP2 expression (green) was downregulated in SDFkd tumors. (B) The number of TAM (stained by F4/80 marker in red) had no significantly difference between ALTS1C1 and MMP2kd tumors. Scale bar: 200m.
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