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Supplementary Figure 1. Schematic representation of the generation of the Sleeping Beauty-dependent 

inactivatable Pten allele. (a) Wild-type mouse Pten locus (Ptenwt). Grey boxes: exons; Lha/Rha: left 

and right homology arms; green rectangle: 5’ probe; red rectangle: 3’ probe. (b) Targeted Pten allele 

before removal of resistance cassette (PtenSBm1). Pten exon 5 was flanked by two 5’-inverted terminal 

repeats of SB. Restriction sites relevant for the Southern-blot based screening are represented. Kan: 

kanamycin resistance cassette; Pu∆TK: puromycin resistance cassette. (c) Southern-blot analysis of 

successfully targeted PtenSBm1 clones. 5’ (left) and 3’ (right) screenings are shown. (d) Targeted Pten 

allele after removal of resistance cassette (PtenSBm2). When F1 males heterozygous for the PtenSBm1 allele 

are mated with Rosa26FlpE/FlpE to remove the FRT-flanked Pu∆TK, offspring with the PtenSBm2 

conditional allele is generated. (e) Targeted Pten allele after transposon mobilization (Pten∆SBm2). Mice 

with the PtenSBm2 allele can be crossed to mice carrying the SB transposase to allow mobilization of the 

Pten exon 5 transposon, thus generating a Pten null allele (Pten∆SBm2) and an additional mutation 

elsewhere in the genome if reintegration of the transposon occurs. (f) Targeted Pten allele after Cre 

mediated recombination (Pten∆). The PtenSBm2 allele can be used as Cre-conditional Pten allele, based 

on the presence of two Lox2272 sites flanking the essential Pten exon 5. 

  



Kan

Pu 

Pu∆TK

5

IR/DRs

Lox2277

FRT FRT
LoxP

Lox511

+

BSD

2 3

Hprt locus 6-TGs

Kan

Pu 

Pu∆TK

2 3

Hprt locus 6-TGR

5

Hprt locus 6-TGs

Kan

Pu 

Pu∆TK

5

-

BSD

2 3

Kan

Pu 

Pu∆TK

2 3

Hprt locus 6-TGs

+ Cre

5

Pten exon 5 tranposon in the “direct orientation” Pten exon 5 tranposon in the “reverse orientation”

+ Cre

+6-TG +6-TG

 Supplementary Figure 2

pA pA pA

En2-SA

pApAAV-SA

1.9 Kb

a

b



Supplementary Figure 2. Inactivating capacity of the Pten exon 5 transposon and genetic structure of 

the ITP2m transposable element. (a) To ascertain the inactivating ability of the SB transposon harboring 

Pten exon 5 and surrounding intronic sequences as its only cargo, we performed an Hprt trapping assay. 

Two constructs with the Pten exon 5 transposon in the direct (left side of the figure) or reverse (right 

side of the figure) orientations were targeted into the X-linked Hprt locus in male ES cells. Then, cells 

were grown in the presence of 6-Thioguanine (6-TG), allowing for selection of Hprt-deficient cells. 6-

TG resistant colonies are shown at the bottom of the figure. The transposon showed inactivating ability 

in the direct orientation (left plate) but nearly no trapping activity in the reverse orientation (right plate). 

(b) Structure of the ITP2m transposon. The ITP2m transposon is composed of one Adenovirus (AV-

SA) and one Engrailed 2 (En2-SA) splice acceptors flanking five bi-directional polyadenylation signals. 

This cassette is flanked by PiggyBac (blue arrows) and Sleeping Beauty (grey arrows) terminal repeats, 

allowing transposon mobilization by both transposases. In total, the cargo size of the transposon is 1.9 

Kb. ITP2m mouse lines carry around 35 copies of this inactivating transposon in chromosome 14. 
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Supplementary Figure 3. Analysis of PSB∩PISB CIS genes identified in breast and skin tumors. (a) 

Overlap between PSB (n=101) and PISB (n=291) CIS genes identified in breast tumors. P value was 

calculated using a two-by-two contingency table and Fisher’s exact test. (b) Distribution of overlapping 

breast CIS genes (n=19) between PSB and PISB screens (referred to as PSB∩PISB CIS genes) across 

the 26 breast tumors analyzed. In each tumor, PSB∩PISB CIS genes containing SB insertions are 

depicted as blue boxes. The histograms show the total number of PSB∩PISB CIS genes with insertions 

per each tumor. Red horizontal lines represent the median of PSB∩PISB CIS genes with insertions per 

PSB (left) and PISB (right) tumors, respectively. (c) Scattered plot showing the correlation between the 

frequency of PSB and PISB breast tumors with insertions in each single PSB∩PISB CIS gene (n=19). 

R, Pearson correlation coefficient. P value was calculated by Pearson’s correlation test. (d) Overlap 

between PSB (n=287) and PISB (n=665) CIS genes identified in skin tumors. P value was calculated 

using a two-by-two contingency table and Fisher’s exact test. (e) Distribution of overlapping skin CIS 

genes (n=143) between PSB and PISB screens (referred to as PSB∩PISB CIS genes) across the 125 

skin tumors analyzed. In each tumor, PSB∩PISB CIS genes containing SB insertions are depicted as 

blue boxes. The histograms show the total number of PSB∩PISB CIS genes with insertions per each 

tumor. Red horizontal lines represent the median of PSB∩PISB CIS genes with insertions per PSB (left) 

and PISB (right) tumors, respectively. (f) Scattered plot showing the correlation between the frequency 

of PSB and PISB skin tumors with insertions in each single PSB∩PISB CIS gene (n=143) 
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Supplementary Figure 4. Cross-species comparisons of mouse hCIS and human cancer genes. Overlap 

of PSB, PISB and PSB∩PISB hCIS genes with (a) genes listed in the Cancer Gene Census database, 

(b) candidate cancer genes registered in the Network of Cancer Genes (NCG) repository, (c) genes 

frequently deleted (> 4% of samples) in human prostate cancers available through The Cancer Genome 

Atlas (TCGA), (d) genes in c which are also significantly downregulated and (e) genes in c which are 

not significantly downregulated. The number of genes included in each group/dataset is indicated.  

Human genes whose mouse orthologues map to chromosomes 14 and 19 were not included in the 

analysis. Percentages in parenthesis represent the proportion of PSB, PISB or PSB∩PISB hCIS 

overlapping with each of the three datasets. P values were calculated using a two-by-two contingency 

table and Fisher’s exact test. 
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Supplementary Figure 5. Transposon integration pattern across the PSB∩PISB CIS genes in PSB and 

PISB prostate tumors. Only the transposon insertions falling in the genes nearest to the center of each 

CIS peak are represented. Only the consensus CDS (CCDS) transcripts are shown (blue) unless these 

cover less than 98% of the annotated gene length, in which case non-CCDS transcripts are also depicted 

(green). Genes without insertions correspond to the gene closest to the center of an intergenic CIS. 
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Supplementary Figure 6. Transposon integration pattern across the PSB∩PISB CIS genes in PSB and 

PISB breast tumors. Only the transposon insertions falling in the genes nearest to the center of each CIS 

peak are represented. For these genes, only the consensus CDS (CCDS) transcripts are shown (blue) 

unless these cover less than 98% of the annotated gene length, in which case non-CCDS transcripts are 

also depicted (green). 
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17



SPPL3 Chr5:115011137-115098790;+

SPRED1 Chr2:117121374-117182279;+

SPTLC2 Chr12:87305058-87388355;-

STAG1 Chr9:100597798-100959375;+

STAG2 ChrX:42149317-42277185;+

STRN3 Chr12:51608541-51691914;-

SUSD6 Chr12:80790532-80880832;+

18



TAOK1 Chr11:77529162-77607815;-

TAX1BP1 Chr6:52713729-52766780;+

TCF12 Chr9:71842688-72111871;-

TMEM243 Chr5:9100668-9160986;+

TNRC6B Chr15:80711319-80941086;+

TOP1 Chr2:160645888-160722764;+

19



UBAP2L Chr3:90000140-90052628;-

UBE2D2A Chr18:35771559-35807172;+

UBE2D3 Chr3:135438149-135468198;+

UBE2K Chr5:65537233-65598988;+

UBE2N Chr10:95515162-95545658;+

USP34 Chr11:23306895-23490560;+

20



USP9X ChrX:13071498-13173328;+

USP9Y ChrY:1298961-1459782;-

UTY ChrY:1096861-1245759;-

VMN2R-PS139 ChrY:4005164-4016574;+

WAC Chr18:7868832-7973547;+

YTHDF3 Chr3:16183212-16217037;+

YWHAE Chr11:75732869-75765845;+

21



YWHAZ Chr15:36770770-36794547;-

ZBTB11 Chr16:55973883-56008913;+

ZFAND3 Chr17:30005087-30210019;+

ZFP148 Chr16:33380775-33503903;+

ZFP207 Chr11:80383279-80405733;+

ZFP609 Chr9:65692391-65827564;-

22



ZMYND11 Chr13:9684836-9765321;-

23



Supplementary Figure 7. Transposon integration pattern across the PSB∩PISB CIS genes in PSB and 

PISB skin tumors. Only the transposon insertions falling in the genes nearest to the center of each CIS 

peak are represented. For these genes, only the consensus CDS (CCDS) transcripts are shown (blue) 

unless these cover less than 98% of the annotated gene length, in which case non-CCDS transcripts are 

also depicted (green). Genes without insertions correspond to the gene closest to the center of an 

intergenic CIS. 
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Supplementary Figure 8. Identification of known and putative PTEN competitive endogenous RNAs 

(ceRNAs). PSB, PISB and PSB∩PISB CIS/hCIS genes are significantly enriched in PTEN ceRNAs 

previously reported by Karreth et al. (a) and predicted by the ceFINDER algorithm (b). The number of 

genes included in each group/dataset is indicated. Mouse genes or human genes whose mouse 

orthologues map to chromosomes 14 and 19 were not included in the analysis. Percentages in 

parenthesis represent the proportion of PSB, PISB or PSB∩PISB CIS/hCIS overlapping with each one 

of the two datasets. P values were calculated using a two-by-two contingency table and Fisher’s exact 

test. 
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Supplementary Figure 9. Effect of ZBTB20, CELF2, PARD3, AKAP13 and WAC silencing, either 

alone or in combination with PTEN interfering, on the invasiveness of the RWPE-1 immortalized 

human prostate cell line. Alternative siRNAs to those of Figure 4 were used. Cell invasion rate is 

expressed as a percentage relative to the mean of control invasion rate values, which was set as 100%. 

Each circle represents an individual technical replicate. Horizontal lines represent the means and error 

bars correspond to s.e.m in each condition. *P < 0.05, **P < 0.01, ***P < 0.001, two-tailed Student’s 

t test. 
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Supplementary Figure 10. Relative mRNA expression of PTEN, ZBTB20, CELF2, PARD3, AKAP13 

and WAC in all co-silencing and single-silencing conditions in BPH-1 and RWPE-1 cell lines. FPKM 

values were used. 
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Supplementary Figure 11. Western blot analysis of the PI3K/AKT/mTOR signaling pathway in BPH-

1 and RWPE-1 cells upon co-silencing of ZBTB20, CELF2, PARD3, AKAP13 and WAC with PTEN. 

Upper panel: Western blot analysis of PTEN, p-AKT, AKT, p-mTOR, mTOR and GAPDH is shown 

for each of the conditions examined. Lower panel: densitometry analysis of the immunoblots. GAPDH 

was used for protein level normalization. 
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Supplementary Figure 12. Recurrence-free survival Kaplan-Meier analysis of the 15% of patients with 

lowest mRNA expression levels of each of the five genes selected for validation versus the remaining 

85%. Only patients with primary tumors were taken into account. Analyses were performed using the 

Taylor dataset and the open web interface ‘Project Betastasis’ (http://www.betastasis.com). P values 

were obtained by log-rank test. 
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Supplementary Figure 13. Knockdown efficiency of PTEN, ZBTB20, CELF2, PARD3, AKAP13 and 

WAC silencing in BPH-1 cells. Three different siRNAs or a combination of the three were tested per 

each gene. Gene silencing efficiency was evaluated by quantitative PCR (qPCR) and represented as a 

percentage relative to control siRNA-transfected cells, which was set as 100%. Arrows indicate those 

conditions selected for each gene for subsequent studies. Results are expressed as mean ± s.d. 


