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Fig. S1. ETV7 is expressed in pediatric malignancies. Histograms of expression levels of ETV7 in (A) pediatric ALL (19) and (B) 

pediatric AML (18)  using the Affymetrix U133Av2 array. The division of ETV7
+
 (red) and ETV7

–
 (green) tumors (relative expression 

value 200) was based on the hybridization level of ETV7 in non- ETV7 expressing T-ALL samples on the same array. (C) Heat map 

of the relative ETV7-expression levels in 50 solid tumor xenografts of the St. Jude expanded panel of pediatric preclinical tumor 

models using the HG-U133Plus2 GeneChip. Numbers to the right of the heat map represent the relative ETV7 RNA hybridization 

signals in these xenografts, as determined by the Affymetrix HG-U133Plus2 GeneChip (20). The following tumors were included: 

BT-36, -41, -44, -54 (ependymoma, p, p, s, s); SK-NEP-1, EW-5, -8, TC-71, CHLA258 (Ewings sarcoma, pr, p, pr, p); GBM2, BT-

39, -56, D456, D212, D645 (glioblastoma, p, r, sr, p, s, p); BT-45, -46, -50, -28 (medulloblastoma, p, p, p, p); NB-SD, -1771, -1691, 

-EBc1, -1643, -1382, CHLA-79, SK-N-AS (neuroblastoma, p, p, p, p, p, p, p, s); OS-1, -2, -17, -29, -31, -33, -9 (osteosarcoma, p, p, 

p, s, p, p, p); Rh30R, Rh10, Rh28, Rh30, Rh41, Rh65, Rh36 (ARMS, r, p, p, p, p, sr); Rh18, Rh36 (ERMS, p; sr); Bt-29, KT-16, -12, 

-14 (rhabdoid, p, p, s, p); KT-13, -10, -11, -5 (Wilms tumor, p, p, p, s) (p=primary, s=secondary, pr=primary relapse, sr= secondary 

relapse, r=relapse). (D) A histogram representing the average ETV7 expression per pediatric tumor type xenograft in the HG-

U133Plus2 array as compared with the average ETV7 signal in all tumor xenografts. (E) Histogram of ETV7 expression levels 

using the Affymetrix U133Av2 array of 46 primary human medulloblastomas (32). The division of ETV7
+
 and ETV7

–
 tumors (relative 

expression value 200) was based on the hybridization level of ETV7 in non- ETV7-expressing T-ALL samples on the same 

U133Av2 array.  

 

  



 

 
 
 

 
 
 
Fig. S2. PI3K and PTK2 signaling and anti–p-tyr Western blot of cell lysate of vector and ETV7 mouse pre-B cells. (A) Cell 

lysates from wild type (WT) and Arf
–/–

mouse pre-B cells (ARF
-/-

) expressing GFP (Vec) or ETV7 (ETV7) immunoblotted for p-

PTK2
Tyr397

 and total PTK2. (B) Left panel, Ponceau-S stained nitrocellulose blot of a PAGE gel of lysates of 0.5x10
6
 vector and 

ETV7 transduced mouse pre-B cells. Right panel, anti-p-tyrosine immunoblot of the same gel. 

 



 

 

Fig. S3. ETV7 expression in human pediatric tumor xenografts. (A) IPs (ETV7 IP, IgG Ctrl) of lysates from Karpas-299 cells (K-

299), and xenograft tumors (BT-28, medulloblastoma; BT-39, glioblastoma) immunoblotted for mTOR, ETV7 or p-4E-BP1
Thr37/46

. 

(B) ETV7 immunostaining of a BT41 ependymoma xenograft section (no ETV7 expression), a BT28 medulloblastoma xenograft 

(intermediate ETV7 expression), a BT39 glioblastoma xenograft section (high ETV7 expression) and a BT39 section competed with 

the peptide against which the anti-ETV7 antibody was raised. Numbers in the lower left corner of the micrographs represent the 

relative ETV7 RNA hybridization signals in these xenografts, as determined by the Affymetrix HG-U133Plus2 GeneChip, shown in 

fig. S1C. 
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Fig. S4. Sequence comparison of ETV6 and ETV7 PNT domains and the position of Δ9, Δ27, Δ120/Δ115, Δ120/Δ159/+60 

mutations in the ETV7 PNT domain, and the KALK mutation in the ETV7 ETS domain. (A) The upper part shows the protein 

sequence comparison of the ETV6 PNT domain (amino acid 44 to 124) with that of the ETV7 PNT domain (amino acid 37 to 117). 

The line in the middle shows the homology between the two PNT domains. The red and yellow highlights in the ETV6 PNT 

sequence indicate residues forming the ML and EH interaction surfaces (65), respectively. The sequences in the ETV7 PNT 

domain coinciding with the ETV6 ML and EH surfaces are also highlighted in red and yellow. Δ9 (ΔE
81

MN
83

) and Δ27 (Δ 

M
82

NGRALCIL
90

) indicate the ETV7 PNT domain deletion mutants used in Fig. 2E and 2F. The sequence underneath shows the 

position of the R
281

ALR
284 

to K
281

ALK
284

 mutation in the ETV7 ETS domain (amino acids 224 to 307), which prevents DNA binding. 

(B) Top bar depicts exon 3 of ETV7 (165 bp) with underneath the relative positions of the M82 CRISPR (not to scale) and the 

methionine 82 codon (M82). Underneath are the partial sequences of Karpas-299-EBNA-Cas9 clones 7, 9 and 10. Clone 9 (K-

E
Δ120/Δ159+60

) was used for experiments shown in Fig. 5A, 5B, and fig. S7B. Dashed vertical lines demarcate the deletions in the 

different alleles with the juxtaposed 5’ and 3’ nucleotide sequences indicated. The 120bp deletion (Δ120) encodes a highly 

unstable ETV7 protein with a 40-amino acid (aa) deletion in the PNT domain, including M82, which is undetectable in ETV7 

IP/western blots (Fig. 5A, insert). The 115bp deletion encodes an out of frame protein of 63 aa containing the 49 aa ETV7 N-

terminus followed by 14 aa from the -1-reading frame. The 154 bp deletion/60 bp insertion (red lettering) encodes a 50-aa protein 

containing the 49 aa ETV7 N-terminus followed by one non-ETV7 aa. 

 



 

Fig. S5. mTOR localization and assembly. (A) mTOR (mTOR IP) or ETV7 (ETV7 IP) IP of subcellular fractions (C=cytoplasm, 

M=membrane, N=nucleus) of Karpas-299 cells immunoblotted for mTOR, ETV7 or RUVBL2. (B) IgG or ETV7 IP of lysate from 

tetracycline-treated (tet) Tet-off U937T cells carrying a tet
operator

CMV minimal promoter-driven ETV7 construct, immunoblotted for 

mTOR and ETV7. Higher ETV7 expression (2 ng/mL tetracycline) does not result in more mTOR coprecipitation. 

  



 

 

  



Fig. S6. Effects of mTOR inhibitors and mTORC3 loss on mTOR signaling. (A) Proliferating Ew-8 Ewing’s sarcoma cells 

transduced with MSCV-IRES-GFP (vector) or MSCV-ETV7-IRES-GFP (ETV7) were treated with increasing amounts (0.1, 0.3, 1.3, 

10, 30, 100, 300, 1,000 ng/mL) of AZD-8055 for 3 population doublings. Cell densities (Percent Control) were plotted as the 

percentage of cells treated with vehicle. Data are represented as mean +/- SEM from 3 independent experiments. 30% control or 

less means no proliferation. (B) Immunoblots of K-E7
Δ120/Δ154+60

 cell lysates treated with increasing amounts of rapamycin (0.1, 0.3, 

1.3, 10, 30, 100, 300, 1,000 ng/mL) probed for p-mTOR
Ser2448

 p-AKT
Ser473

, p-AKT
Thr308

, p-ERK1/2
Thr202/Tyr204

, p-p70S6K
Thr389

, p-4E-

BP1
Thr37/46

, total 4E-BP1, LC3BI/II and SQSTM1/p62. (C) Immunoblots of lysates of equal numbers of Karpas-299, and K-E7
-
 cells 

were treated with increasing amounts of rapamycin (0.1, 0.3, 1.3, 10, 30, 100, 300, 1,000 ng/mL) and probed for, phospho-

IKKε
Ser172

, total IKKε, phospho-TBK1
Ser172

, total TBK1, p-GSK3-β
Ser9

 and total GSK3-β. (D) p-GSK3-
Ser9

 and total GSK3- band 

intensities at each rapamycin concentration of the western blot in C were determined using a densitometer and plotted as the p-

GSK3-
Ser9

/GSK3- relative intensities to show that loss of p-GSK3-
Ser9

 signal follows the loss of total GSK3-.  (E) Karpas-299 

cells transduced with LC3B-mCherry retrovirus were treated or not (untreated) with rapamycin (1,000ng/ml rapamycin) or AZD-

8055 (300 ng/ml AZD-8055) for 72 hours. Cells were visualized using phase contrast/fluorescence microscopy (top row) or 

fluorescence microscopy alone (bottom row). Only cells treated with AZD-8055 show active autophagy as indicated by punctate 

staining. mTORC2 signaling in Karpas-299 cells either. 

  



 

 

 

 

 

Fig. S7. Effect of ALK inhibition on p-AKT
Ser473

 and relative FK506-binding protein expression in Karpas-299 cells. (A) 

Proliferating Karpas-299 cells were treated with increasing amounts (0.1, 0.3, 1, 3, 10, 30, 100, 300, 1,000 nM) of the ALK inhibitor 

alectinib for 3 population doublings. Cell densities (percent control) were plotted as the percentage of cells treated with vehicle. 

Data are represented as mean +/- SEM from 3 independent experiments. (B) Proliferating Karpas-299 cells were treated with 

increasing amounts (0.1, 1, 10, 100, 1,000 ng/mL) of rapamycin in the absence or presence of 10ng/ml alectinib for 72 hours. Cell 

lysates were immunoblotted for p-AKT
Ser473

. Compared to cells treated with rapamycin alone, NPM-ALK inhibition with 10nM 

alectinib greatly reduced the p-AKT
Ser473

 feedback phosphorylation with increasing rapamycin concentration. (C) Lysates of 293T, 

Karpas-299 and K-E7
-
 cells were immunoblotted for FKBP-12 and FKBP-51. The levels of these two proteins in Karpas-299 and K-

E7
-
 cells are similar to that in 293T cells. The relative amounts of FKBP-12 and FKBP-51 in 293T cells are such that they cannot 

fully inhibit mTORC2 signaling upon long-term rapamycin treatment (40), predicting that they cannot inhibit mTORC2 signaling in 

Karpas-299 cells either. 

 



 

  



Fig. S8. mTORC3 kinase is insensitive to Raptor or Rictor knockdown or Rictor knockout. (A) Immunoblots of lysates of 

EW-8 Ewing’s sarcoma cells transduced with GFP or ETV7 lentivirus and super transduced with scrambled-shRNA, Raptor-

shRNA or Rictor-shRNA lentivirus were probed for mTOR, Raptor, Rictor, p-P70S6K
Thr389

, total P70S6K, p-4E-BP1
Thr37/46

, total 4E-

BP1, p-AKT
Ser473

, total AKT, p-NDRG1
Thr346

 and mLST8. (B) mTOR and ETV7 IPs of the same EW-8 lysates as in A were 

immunoblotted for mTOR, Rictor, Raptor, mSIN1, mLST8 and ETV7. (C) Lysates of scrambled, Raptor, or Rictor Karpas-299 

knockdown cells immunoblotted for mTOR, Rictor, Raptor, p-P70S6K
Thr389

, total P70S6K, p-AKT
Ser473

, total AKT, p-NDRG1
Thr346

, 

p-4E-BP1
Thr37/46

, total 4E-BP1, p-ERK1/2
Thr202/Tyr204

, total ERK1/2, p-MNK1
Thr197/202

, total MNK1 and mLST8. mLST8 serves as the 

loading control. (D) Ninety hours after infection with Adenovirus-GFP-iCre (+) or not (-), lysates of Rictor
fl/f

 (Rictor
fl/f

), Rictor
fl/fl

-

vector (Rictor
fl/fl

-vector) or Rictor
fl/fl

-ETV7 (Rictor
fl/fl

-ETV7) MEFs were immunoblotted for Rictor, ETV7, p-AKT
Ser473

, total AKT, p-

NDRG1
Thr346

, Raptor, p-p70S6K
Thr389

, total p70S6K, p-4E-BP1
36/47

, total 4E-BP1 and mLST8 as a loading control. 

  



 
 

 
  



Fig. S9. ERMS-specific markers in Ptch
+/−

/ETV
TG+/−

 tumors are preserved in Ptch
+/−

/ETV
TG+/−

 cell lines. (A) Representative 

example of formalin fixed paraffin embedded sections of a Ptch1
+/-

/ETV7
TG

 (upper panel) and Ptch1
+/-

 (lower panel) primary tumor 

stained with MSA antibody, SMA antibody, or desmin antibody. Scale bar represents 20µm. (B) Representative example of 

formalin fixed cell line of a Ptch1
+/-

/ETV7
TG

 tumor stained with: H&E, anti-Desmin, -Myogenin, -MSA, -SMA antibody. (C) 

Representative example of formaldehyde fixed cell line of a Ptch1
+/-

/ETV7
TG

 tumor stained with: MyoD antibody and Dapi, Myf5 

antibody and Dapi, Secondary antibody alone and Dapi. Scale bar represents 10µm. (D) ETV7 Q-RT-PCR of RNA from ERMS cell 

lines RD and JR and HEK 293T cells. Q-RT PCR results were normalized to endogenous HPRT expression. Data are the mean +/- 

SEM from two independent experiments.  

  



 

 

  



Fig. S10. Whole phospho-p70S6K
Thr389

 and p70S6K Western blots relating to Figs. 1C and 5D. This figure shows images of 

the whole western blots of lysates of mouse Arf
-/-

 pre-B cells expressing (A) vector or (B) ETV7, treated with increasing amounts of 

rapamycin (from left to right: 0, 0.1, 0.3, 1, 3, 10, 30, 100, 300, 1000 ng/ml rapamycin), probed with the anti-phospho-p70S6K
Thr389

 

antibody or the same blots probed with a total anti-p70S6K antibody (C, D). These whole images represent the phospho-

p70S6K
Thr389

 and total p70S6K cutouts shown in Fig. 1C. (E, F and G) show KE7
-
(no ETV7), Karpas-299, and KE7

-
-ETV7

 
lysates of 

cells treated with the same increasing amounts of rapamycin, probed with the anti-phospho-p70S6K
Thr389

 antibody. These whole 

images represent the phospho-p70S6K
Thr389

 cutouts shown in Fig. 5D. The arrows indicate the position of the phospho-

p70S6K
Thr389

 or p70S6K bands. The horizontal lines at the left of each blot indicate the position of the molecular weight markers 

(260, 160, 110, 80, 60, 40, and 30 kDa. respectively).  

 



Table S1 Expression effects of ETV7. 
 

A. Upregulated ETV7 expression in adult tumor samples. 
Tumor Type 
  

Over-expression Platform 

Well Differentiated Liposarcoma (Henderson et al, Genome biol 6, 
R76, 2005; Nakayama et al, Modern Pathology, Inc 20,749-59, 
2007) 

Top 1% U133A 2.0, 
U133A  

B-cell Acute Lymphoblastic Leukemia (Raetz et al, Pediatric Blood 
Cancer 47, 130-40, 2006). 

Top 1% U133A  

Easophageal Carcinoma (Kimchi et al, Cancer Research 65, 3146-
54, 2005) 

Top 1% U133A  

Invasive Ductal Breast Carcinoma (Turashvili et al, BMC Cancer 7, 
55, 2007) 

Top 1% U133 Plus 2.0  

Liver Cell Dysplasia vs. Normal (Wurmbach, Hepatology 45, 938-
47, 2007) 

Top 1% U133 Plus 2.0  

B-cell Acute Lymphoblastic Leukemia (Maia et al, Cancer Res 65, 
10050-58, 2005; Bhojwani et al, Blood 108, 711-17, 2006) 

Top 5% U133A  
  

Superficial Bladder Cancer (Modlich et al, Cin Cancer Res 10, 3410-
21, 2004) 

Top 5% U133A  

Gastric mixed Adenocarcinoma (Ooi et al,  PLoS Genet 5, 
e1000676, 2010) 

Top 5% U133A  

Pleomorphic Myxofibrosarcoma vs. Normal (Barretina et al, Nat 
Genet 42, 715-21, 2010) 

Top 5% U133A  

Ovarian Clear Cell Adenocarcinoma (Lu et al, Clin Cancer Res 10, 
3291-00, 2004) 

Top 5% U95D  

Ductal breast carcinoma (Turashvili et al, BMC Cancer 7, 55, 2007) Top 5% U133 Plus 2.0  
Gastric Cancer (Bittner et al, GCEPO, 2005) Top 5% U133 Plus 2.0  
Liver Cirrhosis vs. Normal (Wurmbach, Hepatology 45, 938-47, 
2007) 

Top 5% U133 Plus 2.0  

Acute Myeloid Leukemia FAB subtype M5 (Metzeler et al, Blood 
112, 4193-01, 2008) 

Top 5% U133 Plus 2.0  

Gastric Intestinal Type Adenocarcinoma (Ooi et al,  PLoS Genet 5, 
e1000676 2010) 

Top 5% U133 Plus 2.0  

Gastrointestinal Part: Descencing Colon (Sabates-Bellver et al, Mol 
Cancer Res 5, 1263-75, 2007) 

Top 5% U133 Plus 2.0  

Renal Carcinoma (Yusenko et al, BMC Cancer 9, 152, 2009) Top 5% U133 Plus 2.0  
Leukemia Precursor (Wouters et al, Bloo 113, 3088-91, 2009) Top 5% U133 Plus 2.0  
Clear Cell Renal Cell Carcinoma (Bittner et al, GCEPO, 2005, 
Yusenko et al, BMC Cancer 9, 152, 2009) 

Top 5% U133 Plus 2.0 

Brain Part: Brain Nucleus (Su et al, Proc Natl Acad Sci USA, 101, 
6062-67, 2004) 

Top 10% U133A  

Malignant Fibrous Histiocytoma (Detwiller et al, Cancer Res 65, 
5881-89, 2005) 

Top 10% U133A  

Ovarian Clear Cell Carcinoma vs. Normal (Hendrix et al, Cancer Res 
66, 1354-62, 2006) 

Top 10% U133A  

Invasive Ductal Breast Carcinoma (Radvanyi et al, Proc Natl Acad 
Sci USA, 102, 11005-10, 2005) 

Top 10% Hu03 Custom  

.



Brain Part: Putamen (Roth et al, Neurogenetics 7, 67-80, 2006) Top 10% U133 Plus 2.0  
Ductal Breast Carcinoma (Kimchi et al, Cancer Research 65, 3146-
54, 2005, Roth et al, Neurogenetics 7, 67-80, 2006, Richardson et 
al, Cancer Cell 9, 121-32, 2006) 

Top 10% U133 Plus 2.0  

Medullary Breast Cancer (Ginestier et al, Clin Cancer Res 12, 4533-
44, 2006) 

Top 10% U133 Plus 2.0  

Bladder Cancer (Bittner et al, GCEPO, 2005) Top 10% U133 Plus 2.0  
Cecum Adenocarcinoma (Kaiser et al, Genome Biol 8, R131, 2007) Top 10% U133 Plus 2.0  
Germinal Center B-Cell-Like Diffuse Large B-cell Lymphoma (Lentz 
et al, N Eng J Med 359, 2313-23, 2006) 

Top 10% U133 Plus 2.0  

Type 3 Diffuse Large B-Cell Lymphoma (Lentz et al, N Eng J Med 
359, 2313-23, 2006) 

Top 10% U133 Plus 2.0  

Type II Endometrial Carcinoma (Bittner et al, GCEPO, 2005) Top 10% U133 Plus 2.0  
Liver Cirrhosis vs. Normal (Wurmbach, Hepatology 45, 938-47, 
2007) 

Top 10% U133 Plus 2.0  

Acute Myeloid Leukemia FAB subtype M5 (Kool et al, PLoS One 3, 
e3088, 2008) 

Top 10% U133 Plus 2.0  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



B: Differential expression (log2 ratio) of mTOR-related genes in vector versus ETV7 ARF-/- mouse pre-B cells as determined 
by Affymetrix array analysis. 

 

C: Differential expression (log2 ratio>0.5) of kinase genes in vector versus ETV7 ARF-/- mouse pre-B cells as determined by   
Affymetrix array analysis. 

 

D: Differential expression (log2 ratio>0.5) of cytokine, growth factor and growth factor receptor genes in vector versus ETV7 
ARF-/- mouse pre-B cells as determined by   Affymetrix array analysis. 
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E: Gene Set Enrichment Analysis using Hallmark and canonical databases identifying ETV7 up and down regulated 
pathways in ETV7 versus vector ARF-/- mouse pre-B cells. 

 

 
  

E 



F: Differential expression of genes in ETV7KALK versus ETV7 expressing EW8 cells as determined by Affymetrix analysis.  

 



F continued 

 



F continued 

 
  



G: Mass spectrometry analysis of purified Origene human ETV7 protein. 

H: Mass spectrometry analysis of purified Origene human mTOR protein. 
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