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Supplemental Figures 

 

Suppl. Figure 1. Replication of diffuse invasion of pGBMs in PDOX models. H&E and 

Immunohistochemical staining vimentin showing different pattern and route of invasive growth of the 

remaining three pGBM PDOX models, IC-1128GBM, IC-1621GBM and IC-3704GBM.  
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Suppl. Figure 2. FACS purification of GBMTC cells from tumor core and GBMINV cells from the 

matching “normal” mouse brains. Tumor core and “normal” mouse brains were dissociated into single 

cell suspensions using Gentle Dissociator (Miltenyi) and incubated with FITC-conjugated monoclonal 

antibodies against human HLA-ABC, -DR and APC-conjugated monoclonal antibodies against mouse 

major histocompatibility antigen. The mouse cells (APC-positive and FITC-negative) were gated out 

together with the dead cells (propidium iodine high).  
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Suppl. Figure 3. In vitro functional analysis of miRNAINV on cell proliferation and invasion in 

GBMTC and GBMINV cells. (a) Loss-of-function of miRNAINV in the invasive GBM (GBMINV) cells from 

two models IC-1406GBM (1406GBMINV) and IC-3752GBM (3752GBMINV). Cell proliferation and 

invasive capacity after silencing miR-126, -369-5p, and -487b with Lentivirus-miRNA-off. (b) Gain-of-

function of miRNAINV in the tumor core (GBMTC) cells from two models (1406GBMTC) and 3752GBMTC). 

Cells were maintained both as neurosphere (NS) and monolayer (Mono), and all the data were normalized 

to the NS cell only group. In addition to the graphs (that were presented in Figure 4A), P values of pair-

wise comparisons of tumor cell invasion were listed.  (**P < 0.01, *P < 0.05 compared to the control 

group by two-way ANOVA, n = 3. Data are shown as mean ± SD).   
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Suppl. Figure 4. In vitro functional analysis of miRNAs that were over-expressed in the tumor core 

cells (miRNATC) on cell proliferation and invasion in GBMTC and GBMINV cells. (a) Loss-of-function 

of miRNATC, miR-589 and miR-185, in tumor core GBM (GBMTC) cells from two models IC-1406GBM 
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(1406GBMTC) and IC-3752GBM (3752GBMTC). Cell proliferation and invasive capacity after silencing 

miR-589, and -185 alone and in combination with Lentivirus-miRNA-off. (b) Gain-of-function of 

miRNATC in the invasive (GBMINV) cells from two models (1406GBMINV and 3752GBMINV) cells. Cells 

were maintained both as neurosphere (NS) and monolayer (Mono), and all the data were normalized to 

the NS cell only group. Both the graphs and P values of pair-wise comparisons of tumor cell invasion 

were listed.  (**P < 0.01, *P < 0.05 compared to the control group by two-way ANOVA, n = 3. Data are 

shown as mean ± SD).   
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Suppl. Figure 5. Log-rank analysis of survival time in tumor bearing mice. 1406GBMINV cells were 

transduced with Lentivirus-miRNA-off to silence the miRNAINV, followed by implantation into the brains 

of NOD/SCID mice (1x105 cells/mouse brain). Survival times of mice bearing confirmed intra-cerebral 

xenograft tumors were compared (P>0.05). 
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Suppl. Figure 6. Changes of differentiation and proliferation markers in xenograft tumors derived 

from GBMINV cells of IC-1406GBM following the silencing of miRNAINV. Whole mouse brains were 

paraffin embedded and serially sectioned. Protein expression of stem cell marker (Nestin), neural 
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differentiation (MAP2), glial marker (GFAP), cell proliferation (Ki67) and mitochondria were examined 

through IHC (top panel). Borderlines of tumor core (TC) were highlighted (dotted red lines). Note the 

significantly reduced invasion in tumors of which miRNAINV (miR-126-off, miR-369-5p-off, miR-487b-

off, and the miR-mix-off) were silenced. The intensity and relative abundance of positive IHC staining 

were summarized (lower panel).  Scale bars represent 100 µM. Data are shown as mean ± SD.  

 

 

Suppl. Figure 7. The miRNAINV targeted a set of shared and private signaling pathways. a and b Pathway 

enrichment analysis and associated diseases of the differentially expressed target genes of was 

performed through Ingenuity with Fisher’s exact test. 
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Suppl. Figure 8. Protein-protein interaction network and pathways targeted by miR-126 in GBMINV 

cells. (a) The target genes of miR-126 were identified through reverse revers search of TargetScan and 

their expression levels extracted from mRNA profiling of the same sets of GBMINV and GBMTC cells. The 

target genes of micro-RNA were inputted into STRING ((http://www.string-db.org) and 20 necessary 

proteins were added into the network except for the target genes. The output network is the protein-protein 

interactions between the targeted genes and those necessary added proteins. Red arrow indicated the node 

of genes. (b) Pathway enrichment analysis and associated diseases using genes from miR-126 targeted 

gene network. Fisher’s exact test was employed. Significant enriched pathways with p<0.05 (equal to –

log(p-value) larger than 1.301) were listed out. Ratio indicates the overlap rate of genes between the 

network genes and the pathway in Ingenuity database.  
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Suppl. Figure 9. Protein-protein interaction network and pathways targeted by miR-487b in 

GBMINV cells. (a) The target genes of miR-487b were identified through reverse revers search of 

TargetScan and their expression levels extracted from mRNA profiling of the same sets of GBMINV and 

GBMTC cells. The target genes of micro-RNA were inputted into STRING ((http://www.string-db.org) 

and 20 necessary proteins were added into the network except for the target genes. The output network is 

the protein-protein interactions between the targeted genes and those necessary added proteins. Red arrow 

indicated the node of genes. (b) Pathway enrichment analysis and associated diseases using genes from 

miR-487b targeted gene network. Fisher’s exact test was employed. Significant enriched pathways with 

p<0.05 (equal to –log(p-value) larger than 1.301) were listed out. Ratio indicates the overlap rate of genes 

between the network genes and the pathway in Ingenuity database.  
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Suppl. Figure 10. Protein-protein interaction network and pathways targeted by miR-369-5p in 

GBMINV cells. (a) The target genes of miR-369-5p were identified through reverse revers search of 

TargetScan and their expression levels extracted from mRNA profiling of the same sets of GBMINV and 

GBMTC cells. The target genes of micro-RNA were inputted into STRING ((http://www.string-db.org) 

a

b
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and 20 necessary proteins were added into the network except for the target genes. The output network is 

the protein-protein interactions between the targeted genes and those necessary added proteins. Red arrow 

indicated the node of genes. (b) Pathway enrichment analysis and associated diseases using genes from 

miR-369-5p targeted gene network. Fisher’s exact test was employed. Significant enriched pathways with 

p<0.05 (equal to –log(p-value) larger than 1.301) were listed out. Ratio indicates the overlap rate of genes 

between the network genes and the pathway in Ingenuity database.  
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Suppl. Figure 11. Protein-protein interaction network and pathways targeted by the three 

miRNAsINV in GBMINV cells. (a) All the differentially expressed target genes of the three miRNAs were 

combined together and analyzed through STRING. Red arrow indicated the node of genes. (b) Pathway 

enrichment analysis and associated diseases using genes from all the three miRNAINV targeted gene 

network. Fisher’s exact test was employed. Significant enriched pathways with p<0.05 (equal to –log(p-

value) larger than 1.301) were listed out. Ratio indicates the overlap rate of genes between the network 

genes and the pathway in Ingenuity database.  
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Suppl. Figure 12. KCNA1 protein expression was enriched in the invasive cells in vivo in PDOX 

mouse models of pGBM.  KCNA1 protein expression in the invasive front (GBMINV) and tumor core 

(GBMTC) examined through IHC in the whole mouse sections of the four pGBM PDOX models (IC-

1128GBM, IC-1621GBM, IC-2305GBM and IC-3704GBM) (IC-1406GBM and IC-3752GBM were 

shown in Fig. 5E) (40x).  Slides incubated without primary antibodies were included as negative control.  
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Suppl. Figure 13. Pharmacological inhibition of KCNA1 suppresses pGBM invasion in vitro. Impact 

of KCNA1 inhibitor ADWX-1 (a), Agitoxin-2 (b) and 4-AP (c) on cell proliferation were examined in 

three pairs of neurosphere cultures of GBMTC and GBMINV cells derived from three IC-1406GBM (1406), 

IC-2305GBM (2305) and IC-3752GBM (3752) models. Tumor cells were exposed to ADWX-1 and 

Agitoxin-2 at 0.01-100 nM for 1-14 days and 0.06-4 µM for 7 and 10 days for 4-AP. Changes of cell 

proliferation were examined with CCK-8 kit assay (*P < 0.05) (left panels of A-C); and the suppression 

of cell invasion was examined by treating neurospheres derived from tumor core (GBMTC) and invasive 

(GBMINV) cells for 3, 7 and 14 days for ADWX-1 and Agitoxin-2 and  7 and 10 days for 4-AP. Changes 

of cell invasion was examined with the CytoSelect 24-Well Cell Invasion Assay.  Data are shown as mean 

± SD. *P < 0.05. 

 


