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Supplementary Figure S1. Levels of Wnt5a expression in brain tumors correlate 

to aggressiveness or outcome. (A) The highest Wnt5a level is found in anaplastic 

gliomas (Anaplastic; n=14) and hGBMs (n=53) versus lower grades (n=6) (Left 

panel). Right panel: Enhanced Wnt5a expression clusters the mesenchymal hGBM 

subgroup (n=16) apart from the classical (n=28) and proneural ones (n=9). Results 



show median ± IQR, P<0.05 and P<0.001, Student-Newman-Keuls test and one-way 

ANOVA. (B) Analysis of public data sets shows statistically significant enhanced 

Wnt5a mRNA levels in human glioblastoma (hGBM, n=530) versus normal brain 

tissues (n=10, TCGA dataset, P<0.001, Wilcoxon-Mann-Whitney test) and, C, 

anaplastic astrocytomas (AA) and GBM versus low-grade gliomas (Freije dataset. 

Mixed, Oligo; P=0.004, one-way ANOVA, n=85). (D) DNA Methylation data from 

Illumina Infinium® HumanMethylation450 BeadChip were available for download. 

Average of M-values for each GBM subtype (25 Mes, 26 Cla, 17 Pro), calculated for 

all the 60 Wnt5a CpG sites, did not show any significant difference in terms of 

methylation level (P=0.88, F=0.13, one-way ANOVA). (E) Higher Wnt5a levels are 

associated with lower hGBM patients survival according to Rembrandt (P=0.0125; 

n=123), Philips (P=0.0164; n=77), Lee (P=0.026; n=218) and Murat (P=0.0087; 

n=80, by log-rank test) datasets. (F) The ratio between Wnt5a and Wnt3a mRNA 

levels in mesenchymal TPCs (n=4) is greater than the ones in classical TPCs (n=4), as 

shown by qPCR analysis, P=5.686e-08 Chi-square test with continuity correction. 

Proneural TPCs (n=4) are significantly different from classical (P< 0.0001, two 

tailed) but not from mesenchymal lines (P=0.5708, two tailed). 

 

 

 

 

 

 



Supplementary Figure S2 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure S2. Wnt5a overexpression sustains TPCs invasive 

capability. (A) The migration of mesenchymal TPCs acutely isolated from the 

patients’ own tissues is hindered upon exposure to W5a-Ab. Quantification is shown 

in B, ***P< 0.0001, Student’s t-test. (C) Treating proneural TPCs with rhWnt5a or 

inducing stable Wnt5a overexpression (LV-Wnt5a) enhances the migration of these 

cells (#29) versus Control-Fc or empty vector-infected siblings. Quantification is 

shown in D, ***P<0.001, Student’s t-test. (E) TPCs from different hGBM subtypes 

were treated with an WNT5A siRNA pool, non-targeting control (NTC) or GAPDH 

control pool siRNAs. Three days post-transfection, only the WNT5A siRNAs caused 

a significant decrease in Wnt5a mRNA, as detected by qPCR, ***P< 0.001, **P< 



0.01, Student’s t-test. B, D, E, mean ± SEM from at least three independent 

experiments.  

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Figure S3 

 

 

Supplementary Figure S3. Elevated Wnt5a expression promotes migratory 

capability in otherwise poorly motile U87MG, both in vitro and in vivo. (A) IPA 

illustrates the overexpressed genes associated with enhanced biological functions that 

distinguish U87-vector and Wnt5a-overexpressing U87 cells from reference, normal 

human neural stem cells (hNSCs). The size of the spheres is proportional to the 

number of genes that belong to the differentially expressed biological functions, color 



intensity represents the increase of significance. (B) Matrigel invasion assay shows 

that (U87-Wnt5a) overexpressing Wnt5a cells (U87-Wnt5a) migrate and invade more 

efficiently than their mock-infected control (U87-Vector). Scale bar, 100 μm. Insets: 

higher magnifications; Scale bar, 50 μm.  (C) The number of cells migrated through 

the matrigel is significantly higher in U87-Wnt5a versus control. Results show mean 

± SEM, ***P<0.0001, Student’s t-test. (D, E) Representative brain sections stained 

with haematoxylin/eosin (top and middle panels; Scale bars, 1 mm) show increased 

tumor development and the boundary where cell invasion has occurred (arrowhead) in 

U87-Wnt5a (D) as compared with U87-vector cells (E) (arrowhead). The invasion of 

the cortical structures by U87-Wnt5a cells is shown in the middle left image 

(arrowhead), the U87-vector cells shown in the middle right image (arrowhead). 

Bottom panels: Representative tumor sections showing widespread and homogeneous 

immunoreactivity for the human HLA marker in control and Wnt5a-expressing U87 

xenografts. Scale bars, 25 μm. n=6 mice per groups. (F) Serial histological 

reconstruction of brain sections shows that transgenic U87-Wnt5a cells generate 

intracranial tumors with a larger migration front, reaching the cortical layers (bottom) 

as compared to U87-Vector cells (top), which are quite large in size but consist of a 

progressively enlarging, well-defined mass confined to the site of injection. Ctx, 

cortex. (G) Confocal imaging of CD147 immunostaining shows increased 

vascularization at the core and the tumor edge within intracranial U87-Wnt5a-derived 

tumors (left) as compared to U87-Vector tumors (right). Laminin immunolabeling of 

xenografted tumors shows that blood vessels in Wnt5a-derived tumors (bottom left) 

are enlarged and abundant also in the cortex (ctx), whereas laminin+ vessels in control 

U87 sections (bottom right) are smaller and less in number. Scale bar, 50 μm. 

 



Supplementary Figure S4 

 

 

 

 

 

 

 

 

Supplementary Figure S4. Pathways enrichment of invasive TPCs progeny based 

on Wnt5a levels. IPA analysis showing the signaling pathways profiles of Wnt5aHigh 

and Wnt5aLow hGBM cell populations. Red and green bars for, respectively, up- and 

down-regulated pathways portrayed differences, sorted according to their levels of 

statistical significance.  



Supplementary Figure S5 

 



Supplementary Figure S5. Mesenchymal hGBM TPCs are endowed with 

enhanced dispersal ability to distribute widely in the brain as compared to 

classical TPCs. (A) Analysis of representative tumor sections (10 weeks after 

transplantation) shows that mesenchymal TPCs (left) implanted into the right 

hemisphere show a preferential migration toward the contra-lateral brain region, via 

the fibers of the corpus callosum (CC) and of the internal capsule, whereas the 

classical TPCs (right) migrated homogenously and remained confined to the grey and 

white matter of the right hemisphere. Scale bars, 50 μm. Ctx, cortex; CC, corpus 

callosum; St, striatum. (B) Bright-field micrographs of secondary mesenchymal (left) 

and classical (right) clonally-derived TPCs neurospheres isolated from the striatum 

contra-lateral to the transplantation site. Mesenchymal neurospheres could be isolated 

from the hemisphere controlateral to the injection site at stages as early as 3 days after 

tumor explant, whereas the same result could be accomplished with classical TPCs 

only as late as 30 days. Scale bar, 100 μm. (C) IPA analysis illustrates the different 

functional programs expressed by mesenchymal (left) and classical (right) TPCs 

isolated from the striatum controlateral. The size of the red circles is proportional to 

the number of genes involved in the corresponding functions. Dark red circles are 

indicative of highly significant functions. Biological processes are grouped by 

functional similarity through color bands.  

 

 

 

 



Supplementary Figure S6 

 

Supplementary Figure S6. Hypothetical mechanism of Wnt5a regulation that 

confers the infiltratory phenotype in hGBM TPCs. A preliminary model 

summarizing the role played by Wnt5a in bestowing an invasive phenotype on hGBM 

cells, as argued by the findings presented in this manuscript, is depicted. The gradient 

background color represents, left to right, decreasing degrees of invasion potential of 

hGBMs and their cells.  The red cells are those with the highest content of Wnt5a 

(Wnt5aHigh) whereas the blue represent those expressing Wnt5aLow. hGBMs of the 

mesenchymal subgroups express the highest levels of Wnt5a owing to their highest 

content of Wnt5aHigh cells  (red cells) and represent the most invasive group amongst 

hGBM subtypes (falling in the purple color field). At the opposite end of the spectrum 

are tumors from the classical hGBM cluster that express low Wnt5a levels and 



contain a nearly negligible level of Wnt5aHigh cells thus falling in the area of the 

diagram (light blue) representing the lowest invasion capacity. An intermediated 

situation characterizes the proneural hGBM cluster. When cells from the 

mesenchymal hGBM are sorted (black dashed arrows) according to their intrinsic 

Wnt5a expression, Wnt5aHigh cells are shown to possess the highest invasive ability, 

and fall into the extreme left “high invasion” purple area, whereas Wnt5aLow cells are 

found to possess invasive characteristics, both functionally and on the molecular 

level, resemble those of the classical hGBM cluster. Exposure of classical or 

proneural hGBM cells to rhWnt5a or overexpression of Wnt5a (yellow waved arrows) 

alters their expression profile and functional phenotype, making them similar to 

mesenchymal ones.  Inhibition of Wnt5a activity determines the very opposite 

phenomenon, making mesenchymal hGBM cells much less invasive (dashed blue 

waved arrow).  

 

 

 

 

 

 

 

 

 


