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Supplementary figure legends 

Fig. S1 (Related to Fig. 1) 

Fig. S1 (Related to Fig. 1) 

a) List of the top 50 genes upregulated in DGCs.  

b) List of the top 50 genes upregulated in GSCs.  
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Fig. S2 (Related to Fig. 2) 

Fig. S2 (Related to Fig. 2) 

a) ssGSEA scores of GSC signature genes in multiple regions of IVY GAP data 

(122 RNA sample data from 10 patients). Violin plots represent the median 

(thick dotted line) and quartiles (dotted line). ****P < 0.0001, one-way ANOVA 

with Tukey’s multiple comparisons test. 

b) Molecular subtype distribution among three groups on the basis of ssGSEA 

scores of the DGC signature in IVY GAP data (122 RNA sample data from 

10 patients). ****P < 0.0001, chi-squared test. 

c) Kaplan–Meier analyses of patients in TCGA GBM dataset (HG-UG133A) on 

the basis of ssGSEA scores of DGC signature genes. Log-rank P-value 

analyses. 
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Fig. S3 (Related to Fig. 3) 

Fig. S3 (Related to Fig. 3) 

a) Venn diagram showing the shared hallmark pathways of DGCs and DGC-

high GBM in TCGA. The table shows the 24 shared hallmark pathways of 

DGCs and DGC-high GBM. Red indicates signatures related to immune 

responses. 

b) Tumor purity score of DGC-high, -medium, and -low patients in TCGA GBM 

dataset (HG-UG133A). Violin plots represent the median (thick dotted line) 

and quartiles (dotted line). ****P < 0.0001, one-way ANOVA with Tukey’s 

multiple comparisons test.  
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Fig. S4 (Related to Fig. 4) 
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Fig. S4 (Related to Fig. 4) 

a) Representative image (left panel) and quantification (right panel) of transwell 

analysis of U937 macrophages upon stimulation with control medium or 

conditioned medium (CM) from U87ΔEGFR cells. Scale bar, 100 μm. n = 4 

biological replicates, mean ± SEM, ***P < 0.001, Student’s t-test. 

b) Schematic illustration of experiments performed with retroviral tracing of 

tumor cells. Tumor cells were labeled with fluorescent proteins (GFP or RFP) 

by lentiviral vectors (LVs). GSCs labeled with RFP alone, DGCs labeled with 

GFP alone, or their combination were injected into the brains of recipient mice. 

c) Representative images of GSCs labeled with RFP and DGCs labeled with 

GFP derived from MGG8 cells. Scale bar, 100 µm. 

d) Representative confocal images of tumor-bearing brains harvested after 

implantation of 1×103 GSC-RFP alone, 1×105 DGC-GFP alone, or both 

(1×103 GSC-RFP plus 1×104 matched DGC-GFP cells) derived from MGG8 

cells. Scale bar, 100 µm. The time between implantation and tissue 

harvesting is shown below. RFP (red), GFP (green), and DAPI (blue).�  
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Fig. S5 (Related to Fig. 5) 

Rank Motif Name P-value
1 BATF(bZIP) 1E-313
2 AP-1(bZIP) 1E-312
3 Fra1(bZIP) 1E-309
4 Atf3(bZIP) 1E-306
5 JunB(bZIP) 1E-303
6 Fra2(bZIP) 1E-291
7 Fosl2(bZIP) 1E-252
8 Jun-AP1(bZIP) 1E-204
9 Bach2(bZIP) 1E-111
10 TEAD1(TEAD) 1E-95
11 TEAD3(TEA) 1E-90
12 TEAD4(TEA) 1E-77
13 TEAD(TEA) 1E-76
14 NF-E2(bZIP) 1E-59
15 Nrf2(bZIP) 1E-59
16 TEAD2(TEA) 1E-56
17 Bach1(bZIP) 1E-53
18 RUNX1(Runt) 1E-52
19 MafK(bZIP) 1E-48

Homer Known Motif Enrichment Results
(DGCspecific)

Total Target Sequences = 5625
Total Background Sequences = 44283

Rank Best Match P-value
1 Fra1(bZIP) 1E-315
2 TEAD4 1E-108
3 RUNX1 1E-54
4 MF0010.1_Homeobox_class 1E-43
5 Etv2(ETS) 1E-36

Homer de novo Motif Enrichment Results
(DGCspecific)

Total target sequences = 5623
Total background sequences = 44227
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Fig. S5 (Related to Fig. 5) 

a) Tables showing the ranking of de novo and known motifs of DGC-specific 

enhancers defined in Figure 5a,b. Red indicates the TEAD transcription factor 

family (TEAD1–4) and activator protein-1 (AP-1, dimer of JUN and FOS 

proteins). 

b) Quantification of the TEAD luciferase reporter assay of U251MG cells 

transduced with lentiviral vectors expressing a non-targeting control shRNA 

(shCONT) or one of two shRNAs that targeted YAP (shYAP). Data are 

presented as the mean ± SEM of three independent experiments. ****P < 

0.0001. 

c) Quantification of the TEAD luciferase reporter assay of U87MG cells 

transduced with an empty lentiviral vector or lentiviral vector expressing YAP. 

Data are presented as the mean ± SEM of three independent experiments. 

**P < 0.01. 

d) Quantification of the TEAD luciferase reporter assay of U251MG cells 

transduced with lentiviral vectors expressing a non-targeting control shRNA 

(shCONT) or one of two shRNAs that targeted TAZ (shTAZ). Data are 

presented as the mean ± SEM of three independent experiments. **P < 0.01, 

***P < 0.001. 

e) Quantification of the TEAD luciferase reporter assay of U87MG cells 

transduced with an empty lentiviral vector or a lentiviral vector expressing 

TAZ. Data are presented as the mean ± SEM of three independent 

experiments. ****P < 0.0001. 

f) Immunoblot (left) and correlations (right) of CCN1, YAP, and TAZ in cell 

lysates of NHAs (normal human astrocytes), U251MG, LNZ308, A172, and 

U87MG cells, and GSCs of patient-derived GBM cell lines (MGG4, MGG8, 

MGG18, and MGG23). GAPDH was used as a loading control. Red numbers 

indicate the correlation R-value. Pearson’s correlation test. 
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g) Correlation between mRNA expression of CCN1, YAP1 (gene name of YAP), 

and WWTR1 (gene name of TAZ) in GBM tumors from Okayama University 

(n = 10) assessed by qRT-PCR. Red numbers indicate the correlation R-

value. Pearson’s correlation test. 

h) Correlation between CCN1, YAP1, and WWTR1 (gene name of TAZ) in the 

TCGA GBM (HG-U133A) dataset. Red numbers indicate the correlation R-

value. Pearson’s correlation test. 

i) Representative immunoblot of YAP and CCN1 in lysates of U251MG cells 

transduced with lentiviral vectors expressing a non-targeting control shRNA 

(shCONT) or one of two shRNAs that targeted YAP (shYAP). GAPDH was 

used as a loading control.  

j) Representative immunoblot of YAP and CCN1 in lysates of U87MG cells 

transduced with a control lentiviral vector or a lentiviral vector expressing YAP. 

GAPDH was used as a loading control. 

k) Representative immunoblot of TAZ and CCN1 in lysates of U251MG cells 

transduced with lentiviral vectors expressing a non-targeting control shRNA 

(shCONT) or one of two shRNAs that targeted TAZ (shTAZ). GAPDH was 

used as a loading control.  

l) Representative immunoblot of TAZ and CCN1 in lysates of U87MG cells 

transduced with a control lentiviral vector or a lentiviral vector expressing TAZ. 

GAPDH was used as a loading control.  
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Fig. S6 (Related to Fig. 6) 
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Fig. S6 (Related to Fig. 6) 

a) Tumor purity score of CCN1-high (n = 264) and CCN1-low (n = 264) GBMs 

in TCGA GBM dataset (HG-UG133A, n = 528). Violin plots represent the 

median (thick dotted line) and quartiles (dotted line). ****P < 0.0001, one-way 

ANOVA with Tukey’s multiple comparisons test. 

b) Gene Ontology enrichment analysis of the role of CCN1 in leukocyte/myeloid 

migration. Gene Ontology enrichment analysis of the function (Biological 

process sub-ontology) of CCN1 in TCGA GBM patients (HG-UG133A, n = 

528). The top 10 enriched pathways are shown and the function related to 

leukocyte/myeloid cell migration and chemotaxis is indicated. 

c) Representative confocal images of tumor tissue from the mouse de novo 

GBM model in which lentiviruses harboring H-Ras and shP53 were 

stereotactically injected into the hippocampus of GFAP-cre mice. Scale bar, 

200 µm. Iba1 (red), CD206 (green), and DAPI (blue). Far right panels are 

high magnifications of the rectangle area (upper: CCN1-high area; lower: 

CCN1-low area). 

d) Protein levels of CCN1 were assessed by immunoblotting in DGCs (MGG4 

and MGG8 DGCs) and U87ΔEGFR transduced with shCONT or shCCN1. 

GAPDH was used as a loading control. 

e) Representative image (upper panel) and quantification (lower panel) of 

transwell analysis of U937 macrophages upon stimulation with conditioned 

medium (CM) from U87ΔEGFR cells transduced with shCONT or shCCN1. 

Scale bar, 100 μm. n = 4 biological replicates, mean ± SEM, ****P < 0.0001, 

one-way ANOVA with Tukey’s multiple comparisons test. 

f) Representative confocal images of tumor-bearing brains harvested at 10 

days after implantation of U87ΔEGFR cells transduced with shCONT 

(control) or shCCN1. Scale bar, 100 µm. Iba1 (red), CD206 (green), and DAPI 

(blue). 
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g) Quantitation of pan-macrophages (Iba1+) and M2 macrophages (CD206+) 

densities in xenografts formed by U87ΔEGFR cells transduced with shCONT 

or shCCN1. n = 5 biological replicates, mean ± SEM, ****P < 0.0001, one-

way ANOVA with Tukey’s multiple comparisons test. 

h) Quantitation of the fraction of M2 macrophages (CD206+). The fraction was 

determined by M2 macrophages (CD206+) among pan-macrophages (Iba1+) 

in xenografts derived from U87ΔEGFR cells transduced with shCONT or 

shCCN1. Data are represented as means ± SEM. **P < 0.01, ***P < 0.001, 

one-way ANOVA with Tukey’s multiple comparisons test.  

i) Kaplan–Meier (upper) and log-rank P-value (lower) analyses of mice bearing 

orthotopic xenografts of U87ΔEGFR cells transduced with shCONT or 

shCCN1. 
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Fig. S7 (Related to Fig. 7) 
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Fig. S7 (Related to Fig. 7) 

a) Correlation analysis of mRNA expression of CCN1-binding integrins (ITGAV, 

ITGB3, ITGB5, ITGAM, ITGB2, ITGA6, and ITGB1) with DGC ssGSEA 

scores and mRNA expression of CCN1 in TCGA GBM (HG-U133A) dataset. 

Red numbers indicate the correlation R-value and P-value. Pearson’s 

correlation test. 

b) Dot plot showing mRNA expression of CCN1 and CCN1-binding integrins 

(ITGAV, ITGB3, ITGB5, ITGAM, ITGB2, ITGA6, and ITGB1) in various type 

of individual cells in single cell RNA-sequencing data. Data are presented as 

the mean ± SEM. NCBI Gene Expression Omnibus GSE84465. 

c) Representative image (upper panel) and quantification (lower panel) of 

transwell analysis of U937 macrophages upon stimulation with conditioned 

medium (CM) from U87ΔEGFR cells with the indicated modification. Scale 

bar, 100 μm. n = 4 biological replicates, mean ± SEM, ***P < 0.001, ****P < 

0.0001, ns: not significant, one-way ANOVA with Tukey’s multiple 

comparisons test. 

d) Representative confocal images of tumor-bearing brains harvested at 10 

days after implantation of U87ΔEGFR with the indicated modification by 

lentiviruses. Scale bar, 100 µm. Iba1 (red), CD206 (green), and DAPI (blue). 

e) Quantitation of pan-macrophages (Iba1+) and M2-macrophages (CD206+) 

densities in xenografts derived from U87ΔEGFR cells with the indicated 

modification by lentiviruses. n = 5 biological replicates, mean ± SEM, ****P < 

0.0001, ns: not significant, one-way ANOVA with Tukey’s multiple 

comparisons test. 

f) Quantitation of the fraction of M2 macrophages (CD206+). The fraction was 

determined by M2 macrophages (CD206+) among pan-macrophages (Iba1+) 

in xenografts derived from U87ΔEGFR cells with the indicated modification 
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by lentiviruses. Data are represented as means ± SEM. *P < 0.05, ns: not 

significant, one-way ANOVA with Tukey’s multiple comparisons test. 

g) Kaplan–Meier (left) and log-rank P-value (right) analyses of mice bearing 

orthotopic xenografts of U87ΔEGFR cells with the indicated modification by 

lentiviruses. 


