
Supplementary Data Procedures 

Antibodies and reagents 

For immunofluorescence staining on tissue sections and TPCs, purified rat anti 

human/mouse Wnt5a (MAB645) and Goat anti rat AlexaFluor488 (A11006) were 

purchased from R&D Systems (Minneapolis) and Life Technologies (Thermo Fisher 

Scientific). For immunofluorescence on brain xenograft sections antibodies/antisera 

used were: mouse anti-Luciferase (35-6700) and rabbit anti-GFP (A11122) from Life 

Techonologies (Thermo Fisher Scientific) mouse anti human HLA-ABC (M0736) 

from DAKO (Carpinteria), rabbit anti Laminin (L9393) from Sigma-Aldrich, rat anti 

mouse endothelial marker CD147 for the extent of tumor vascularization (MCA2283) 

from (AbD Serotech). Goat anti rabbit AlexaFluor488/546, goat anti mouse 

AlexaFluor 488/546 secondary antibodies (A11008-A11010-A11001-A11003) from 

Life Technologies (Thermo Fisher Scientific) were used to visualize the primary 

antibody staining. For cell sorting analysis, cells were incubated with Wnt5a 

(LifeSpan Biosciences, LS-C160634) and AlexaFluor488 (A11006) (Life 

Technologies, Thermo Fisher Scientific). For cell cultures, EGF (PEP-AF-100-15) 

and FGF-2 (PEP-100-18B-C) were from Peprotech (Rocky Hill, New Jersey). For 

migration assays, W5a-Ab (2 μg/ml; MAB645), SFRP1 (10 μg/ml; 5396-SF-025) or 

rhWnt5a (5 ug/ml; 645-WN-010/CF) were from R&D Systems (Minneapolis).  

For in vivo assays of tumor initiation, continuous W5a-Ab (0.4 μg/μl; MAB645), 

from R&D Systems (Minneapolis), and Wnt5a-derived hexapeptide PepA (0.4 μg/μl; 

Leu-Glu-Cys-Gly-Asp-Met, 0.708 kDa), synthesized by PRIMM srl, Milano, Italy, 

and saline solution as control, administration (14 days; 0,25 μl/hr, delivered dose 1,8 



μg/day) was obtained by means of Alzet mini-osmotic pumps and of the Alzet brain 

infusion kit III (Durect Corporation) as (1). 

TPCs lentiviral infection  

Cells were infected with reported genes Wnt5a and firefly luciferase (2). Expression 

titer of the vectors was estimated on HeLa cells by limiting dilution. Vector particle was 

measured by HIV-1 gag p24 antigen immunocapture and vector infectivity calculated as 

the ratio between titer and particle for each vector. TPCs were exposed to the supernatant, 

conditioned by transfected 293T cells overnight, for 16 hours. The medium-containing 

virus was then removed and replaced by fresh medium. The efficiency of infection was 

assessed by counting the number of GFP-expressing cells (Wnt5a-LV) or by In vivo 

Lumina analysis as previously described (1). Transgenic TPCs lines were enriched for 

Wnt5a transgene-expressing GFP cells either by FACS or by serial limiting dilution and 

subsequent cell subcloning. 

CNV and IDH1 status 

Whole-genome copy number variation (CNV) analysis was carried out using the 

CytoScan HD array platform (Affymetrix). This array contains more than 2.6 million 

markers for copy number analysis and approximately 750,000 SNPs that fully 

genotype with greater than 99 percent accuracy. The CytoScan HD assay was 

performed according to the manufacturer's protocol, starting with 250 ng DNA. 

Briefly, total genomic DNA was digested with a restriction enzyme (NspI), ligated to 

appropriate adapter for the enzyme, and subjected to PCR amplification using a single 

primer. After digestion with DNase I, the PCR products were labeled with a 

biotinylated nucleotide analog using terminal deoxynucleotidyl transferase and 

hybridized to the microarray. Hybridization was carried out in the Affymetrix 

Hybridization Owen 645 while subsequent washing and staining steps were 



performed using the Fluidic Station 450 and finally the array was scanned with the 

GeneChip Scanner 3000 7G using Command Console Software (Affymetrix). Both 

quality control step and copy number analysis were performed using the Chromosome 

Analysis Suite Software version 3.1. The raw data file (.CEL) was normalized using 

the default options; an unpaired analysis was performed using as baseline 270 

HapMap samples in order to obtain copy numbers value from .CEL files, while the 

amplified and/or deleted regions were detected using a standard Hidden Markov 

Model (HMM) method. Base pair position was derived from the University of 

California Santa Cruz (UCSC) Genome Browser (http://genome.ucsc.edu/cgi-

bin/hgGateway), build GRCh37 (hg19). 

IDH1 status was analyzed by PCR as in (3) with sense primer 

CGGTCTTCAGAGAAGCCATT and antisense primer 

GCAAAATCACATTATTGCCAAC. 

siRNAs, transfection and quantifying gene silencing.  

5x105 viable cells were seeded in 25 cm2 flasks (Nunc, Thermo Fisher Scientific) in 

culture medium 24h before transfection. On the day of transfection cells were 

transfected using INTERFERin (Polyplu-transfection SA) added to the culture 

medium after preparing a transfection complex containing the siRNAs sequence of 

interest (Riboxx): iBONi siRNA Pool Negative Control (NTC; RXK001000010) 

(http://www.riboxx.com/rbx-‐media/iBONi_siRNA_controls_20160830.pdf) or 

GAPDH control (RXK004010005H) as well as iBONi siRNA pool targeting WNT5A  

(RXD001010010) (10 nM; final concentration (http://www.polyplus-

transfection.com/wp-content/uploads/2015/09/CPT_409_INTERFERin_vH.pdf) . The 

level of target mRNA knockdown was assessed by QRT-PCR at 72h after 

transfection. Following 72h of treatment, cells for migration assay were dissociated 



and then plated at the right concentration (2,5 x105 cells/transwell) or centrifuged for 

extraction of Total RNA. qPCR was performed as described above. The following 

iBONi siRNA pool targeting WNT5A (NM_003392.4) was used: 5’-

GGGGGCUAGAAAUGAGAUAAA3’, 5’GGGGGCCACUAGAAUUAUCAAAU-

3’, 5’GGGGGCAUUACUUGUUCGUUA-3’. 

Microarray procedures and data analysis 

Gene expression profiling was performed using the Affymetrix GeneChip® Human 

Transcriptome Array 2.0 including more than 6.0 million distinct probes covering both 

coding and non-coding genes built on transcript mappings from hg19 human reference 

sequence (GRCh37). 400,000 full-length transcripts were combined from available 

public data sources: RefSeq NCBI, UCSC Genes, Vega, GENCODE, Ensembl, 

Mammalian Gene Collection. Additional long non-coding content was combined from 

the UCSC genome browser, noncode.org, Broad Human Body Map. Probes are 

distributed across the full length of the gene including specific probes (>339.000 probe 

sets) covering splice junction, providing a complete and accurate picture of overall 

gene expression with the additional ability for transcript isoform analysis. RNA 

samples were labeled using the WT Plus Reagent Kit (Affymetrix) following the 

manufacturer’s instruction. Briefly, on 100 ng of total RNA, a random priming method 

was used to generate cDNA from all RNA transcripts present in a sample. The cDNA 

was fragmented and labeled with biotin using terminal deoxynucleotidyl transferase 

(TdT) before hybridization in a GeneChip Hybridization Oven 645 (Affymetrix). 

Following hybridization and post-hybridization washes, the arrays were scanned using 

the Affymetrix GeneChip Scanner 3000 7G to generate the raw data (CEL file). The 

quality control steps of the experiment were performed using the Expression Console 

ver. 1.3 (Affymetrix). To reduce noise, probe sets that do not map to an Entrez gene 



were removed. Batch effects were removed by the Partek's batch effect removal 

algorithm. IPA analysis was based on the preliminary calculation of the activation z-

scores, used to predict the activation or inhibition state of molecules. Inference of 

activating or inhibiting molecules or biological functions was based on confirmation 

by the literature of the results of our experiments. An enrichment score (Fisher’s exact 

test, P-value) was calculated to measure the overlap between observed and predicted 

regulated gene sets (4). We considered P-value <0.05, z-scores >2 (minimum 

activation threshold), and z-scores < -2 (minimum inhibition threshold) as significant.  

Statistical analysis  

Expression levels of Wnt5a though tumor grades or subtypes were represented by 

means of the R beanplot package. Normal distribution assumption was checked by 

means of Q-Q plot and the Kolmogorov-Smirnov test. Equality of variances was 

checked by the Levene's test. Student-Newman-Keuls test were used to perform all 

pairwise comparisons when the number of contrasts were higher than 2 

(Supplementary Fig. S1A). Time-to-event analysis was performed by Mantel-

Haenszel test and the 50% to 75% percentiles of Wnt5a expression values were used 

to dichotomize patients into Low and High expression groups. Expression cut points 

between groups were validated in Prognoscan (www.abren.net/PrognoScan) for the 

available datasets. Kaplan-Meier curves were drawn for a number of public datasets 

along with p-values from log-rank tests. In particular, recurrent samples were filtered 

out from the Rembrandt dataset. These analyses were computed with GNU R ver. 

3.2.2 (http://www.r-project.org/) (Supplementary Fig. S1E). Chi-square test was used 

to investigate whether Wnt5a/Wnt3a proportions were different between GBM 

subtypes (Supplementary Fig. S1F). A P-value <0.05 was considered statistically 

significant. 
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