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Supplementary Figure 1. Validation of mTOR inhibitors in PC3 prostate cancer cell line. (a) Schematic of 
ribosome profiling of human prostate cancer cells. (b) Representative western blot analysis from 3 independent 
experiments of PC3 prostate cancer cells treated with rapamycin (50 nM), PP242 (2.5 µM), or INK128 (200 nM) for 
3 hours. (c) Representative [35S]-methionine incorporation in PC3 cells after 6-hour treatment with rapamycin (50 
nM) or INK128 (200 nM)(left panel). Quantification of [35S]-methionine incorporation (right panel, n = 4, mean + 
SEM). (d) Representative [35S]-methionine incorporation in PC3 cells after 14-hour treatment with rapamycin (50 
nM) or INK128 (200 nM)(left panel). Quantification of [35S]-methionine incorporation (right panel, n = 4, mean + 
SEM, * P<0.05 ANOVA). (e) Cell cycle analysis of PC3 cells after treatment with rapamycin (50 nM), PP242 (2.5 
µM), or INK128 (200 nM) for 48 hours (mean + SEM, n = 3, * P<0.001 ANOVA). (f) Cell cycle analysis of PC3 cells 
after 0-, 6-, or 24-hour treatment with INK128 (200 nM) (mean + SEM, n = 3, * P<0.001 ANOVA). n.s. – not 
statistically significant. V = vehicle, R = rapamycin, I = INK128. 
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Vehicle Rapamycin PP242 a 

c 
Pyrimidine Rich Translational 

Element (PRTE) 

P-value 3.2e-11 

Supplementary Figure 2. Inter-experimental correlation of ribosome profiling per treatment condition and 
tally of mTOR responsive genes. The Pyrimidine Rich Translational Element (PRTE) within the 5’ UTRs of 
mTOR sensitive mRNAs. (a) Correlation plots from 2 independent ribosome profiling experiments after a 3-hour 
treatment with rapamycin (50 nM) or PP242 (2.5 µM). (b) Number of translationally and transcriptionally regulated 
mRNA targets of mTOR after 3-hour drug treatments. (c)	  Pyrimidine Rich Translational Element (PRTE) present 
within the 5’ UTRs of 63% of mTOR responsive translationally regulated mRNAs. (d) Venn diagram of the number 
of mTOR sensitive genes that possess a PRTE (red), 5’ TOP (green), or both (yellow).  
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Supplementary Figure 3. Read count profiles for eEF2, vimentin, SLC38A2, and PAICS. (a) Ribosome 
footprint and RNA-Seq profiles for eEF2. Read count profiles are shown for each nucleotide position in the 
uc002lze.2 transcript, with the eEF2 coding sequence marked. Ribosome footprints were assigned to specific A site 
nucleotide positions based on their length. (b) Ribosome footprint and RNA-Seq profiles for vimentin. (c) Ribosome 
footprint and RNA-Seq profiles for SLC38A2. (d) Ribosome footprint and RNA-Seq profiles for PAICS. 
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Supplementary Figure 4. False Discovery Rate computation. (a) The cumulative distribution of log2 fold-
change values is shown for three comparisons, considering only genes passing the minimum read count 
criterion in that comparison. The DMSO replicate represents a comparison of full biological replicates of the 
control DMSO-only treatment condition. The rapamycin and PP242 conditions show the ratio of drug-treated to 
DMSO-treated samples within a single experiment. The fold-change threshold chosen based on PP242 
translational repression, described below, is shown. (b) The extremes of the log2 fold-change cumulative 
distributions, showing the complementary cumulative distribution function for positive extreme values on the 
right. We used the cumulative distribution of fold-change values between the DMSO replicates as an estimate 
to the error distribution for measurements in drug treatment comparisons. That is, the fraction of genes above a 
given absolute value fold-change level in the comparison of biological replicates should reflect the fraction of 
genes above that level by chance in any measurement. At a cutoff of log2 fold-change of +/- 1.5, we detect 
2.5% (95% CI, 2.1% - 2.9% by Agresti-Coull) of genes in the PP242 / DMSO comparison and only 0.044% 
(95% CI, 0.001% - 0.172%) of genes in the DMSO replicate comparison. The estimated false discovery rate is 
therefore q = 0.018 in the PP242 / DMSO comparison at this fold-change threshold. 
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(1	  of	  2)	  

Supplementary Figure 5. Representative list of significant translationally regulated PP242 responsive genes. mRNA 
expression and translational efficiency changes after 3-hour treatment with rapamycin (50 nM) or PP242 (2.5 µM)(FDR <0.05) in 
PC3 cells (log2 fold-change)(Red highlights denote genes with the Pyrimidine Rich Translational Elements (PRTE)). 
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(1	  of	  2)	  

Supplementary Figure 6. Mean list of translationally regulated PP242 responsive genes. mRNA expression and 
translational efficiency changes after 3-hour treatment with rapamycin (50 nM) or PP242 (2.5 µM) in PC3 cells (log2 fold-change)
(data represents the average of 2 independent experiments). 
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(1	  of	  2)	  

Supplementary Figure 7. 5’TOP and PRTE genomic positions in 61 mTOR sensitive genes that possess both motifs 
based on DBTSS release 8.0 (slashes demarcate 5’TOPs or PRTEs in putative mRNA isoforms). 



(2	  of	  2)	  

Supplementary Table 7. 5’ TOP and PRTE genomic positions in 60 mTOR sensitive genes that possess both 
motifs based on DBTSS release 8.0 (slashes demarcate 5’ TOPs or PRTEs in putative mRNA isoforms).  
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Supplementary Figure 8. List of rapamycin sensitive translationally regulated genes after 3-hour treatment with 
rapamycin (50 nM) or PP242 (2.5 µM) in PC3 cells (* = targets which overlap with PP242, log2 fold-change).  
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Supplementary Table 9. PP242 and rapamycin transcriptional targets. (a) List of PP242 sensitive 
transcriptionally regulated genes upon 3-hour treatment with PP242 (2.5 µM) in PC3 cells (* = target which overlaps 
with rapamycin)(log2 fold-change). (b) Rapamycin sensitive transcriptionally regulated genes upon 3-hour treatment 
with rapamycin (50 nM) in PC3 cells (log2 fold-change). 
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Supplementary Figure 10. Transcriptionally regulated mTOR targets. (a and b) qPCR validation of up-
regulated or down-regulated  transcripts identified by RNA-Seq upon 3-hour PP242 treatment (2.5 µM) in 
PC3 cells (mean + SEM, n = 3). (c) qPCR validation of up-regulated transcript identified by RNA-Seq upon 
3-hour rapamycin treatment (50 nM) in PC3 cells (mean + SEM, n = 3).  
 
 	  



Gene	   Descrip1on	  

Known pro-
invasion genes 

YB1 Y-‐box	  binding	  protein	  1 

VIM vimentin 

MTA1 metastasis associated 1 

CD44 CD44 

Putative pro-
invasion genes 

ACTG1 actin G1 

TUBB3 tubulin, beta, 4 
COL6A2 alpha 2 type VI collagen isoform 2C2 

COL18A1 alpha 1 type XVIII collagen isoform 3 
precursor 

SEPT8 septin 8 isoform a 

LAMA5 laminin alpha 5 

MYH14 myosin, heavy chain 14 isoform 3 
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Supplementary Figure 11. mTOR sensitive translationally regulated gene invasion signature. Mutation of the 
Pyrimidine Rich Translational Element abrogates sensitivity to eIF4E. (a) 4 known pro-invasion genes and 7 putative 
pro-invasion genes discovered through ribosome profiling. (b) Schematic of YB1 5’UTR cloning (WT, transversion mutant, and 
deletion mutant of the PRTE (position +20-34, uc001chs.2)) into pGL3-Promoter (Left panel). Firefly luciferase activity in 
PC3-4EBP1M cells after a 24-hour pre-treatment with 1µg/ml doxycycline followed by transfection of respective 5’UTR 
constructs (mean + SEM, n = 7, * P<0.0001, t-test)(Right panel). n.s. – not statistically significant.  
 	  



Enzyme  Ki (nM) 

mTOR 1.4 

PI3Kα	
 152 

PI3Kβ	
 4700 

PI3Kγ	
 165 

  Kd (µM) kon (1/s *1/µM) koff (1/s) 
mTOR 0.0003 18.4 0.0053 

a 

b 

   Lipid-PIKK selectivity (% inhibition at 1000nM, 100nM): 
 PI3K Class II 
     PI3KC2α	

     PI3KC2β	

 PI3K Class III 
     VPS34 
 PI4K 
     PI4Kα	

     PI4Kβ	

 PIKK 
     DNA-PK (IC50 nM)* 

 
(85, 44) 
(21, 9) 

 
(0, 0) 

 
(0, 0) 
(0, 0) 

 
10 

c 

* INK128 inhibits DNA-PK activity in the cell only at high concentration (1 mM) while it inhibits mTOR  
activity in the cell at less than 10 nM 

Profile INK128 

Molecular weight (Da): 309 

mTOR biochemical IC50 (nM): 1.0 

Class I PI3K biochemical IC50 (nM): 
   PI3Kα	

   PI3Kβ	

   PI3Kδ	

   PI3Kγ	


 
219 

5293 
230 
221 

Cellular potency (PC3 cell, EC50 nM): 
- Inhibition of  proliferation  
- Inhibition of pathway (pS6/pAkt) 

 
17 

<10 

Plasma protein binding (%): (m/r/d/mk/h) 48 / 65 / 47 / 62 / 71 

Pharmacokinetics (mouse; 1.0 mg/kg; p.o.): Cmax 
Tmax (hr)/T1/2 (hr): 
Bioavailability: 

500nM 
0.25 - 0.5/1.5 

90% 

In vivo potency (tumor growth inhibition): (ED90 
mg/kg; po, qd) 

1.0 
 

Supplementary Figure 12. Preclinical properties of INK128 (a) INK128 displayed a maximal oral tumor growth inhibition 
of ED90 at 1.0 mg/kg in xenograft solid tumor mouse models due to its biochemical, cellular potency and favorable 
pharmacokinetic properties.  In detail, the percentage of protein binding of INK128 was determined in mouse, rat, dog, 
monkey, and human plasma at CEREP. Mouse pharmacokinetic parameters were assessed after acute dosing with INK128 
at 0.3, 1.0, and 3.0 mg/kg by oral gavage resulting in plasma Cmax values of 200, 600, and 1940 nM and AUClast values of 
500, 1300, and 2560 hr•ng/mL, respectively. INK128 displayed consistent and predictable oral pharmacokinetic parameters 
such as dose-linear plasma exposures across mouse, but also rat and cynomolgus monkey, with rapid absorption (Tmax 
ranged from 0.25 hr to 5.0 hrs) and high oral bioavailability (%F ranging from 70% to 98%) supporting once-daily 
administration. In mouse tumor models, pharmacokinetic analysis displayed a dose-dependent increase in INK128 levels in 
plasma and tumor. Tumor concentrations appeared to be slightly higher than plasma concentrations. INK128 was well 
tolerated at efficacious doses in in vivo pharmacology studies. (b) INK128 was screened in biochemical assays with mTOR, 
PI3Kα, PI3Kβ and PI3Kγ to determine the Ki for each target. The average Ki values were determined using the Cheng-
Pursoff equation. Kd, Kon, and Koff values were determined using the Proteros Reporter Displacement Assay. (c) Lipid kinase 
selectivity of INK128. The values indicate percent inhibition at 1 mM and 100 nM of INK128.  
 	  



Kinase Tested 

% 
Inhibitio

n 
ABL1	   48	  

AKT1	  (PKB	  alpha)	   0	  
ALK	   18	  

AURKA	  (Aurora	  A)	   13	  
ABL1	  E255K	   45	  
ABL1	  G250E	   27	  
ABL1	  T315I	   9	  
ABL1	  Y253F	   62	  
ABL2	  (Arg)	   39	  

ACVR1B	  (ALK4)	   25	  
ADRBK1	  (GRK2)	   3	  
ADRBK2	  (GRK3)	   -‐4	  
AKT2	  (PKB	  beta)	   5	  

AKT3	  (PKB	  gamma)	   19	  
AMPK	  A1/B1/G1	   2	  
AMPK	  A2/B1/G1	   16	  

AURKB	  (Aurora	  B)	   8	  

AURKC	  (Aurora	  C)	   4	  
AXL	   6	  
BLK	   50	  
BMX	   13	  
BRAF	   9	  

BRAF	  V599E	   8	  
BRSK1	  (SAD1)	   2	  

BTK	   13	  
CAMK1	  (CaMK1)	   -‐14	  

CAMK1D	  (CaMKI	  delta)	   8	  

CAMK2A	  (CaMKII	  alpha)	   2	  

CAMK2B	  (CaMKII	  beta)	   7	  

CAMK2D	  (CaMKII	  delta)	   15	  

CAMK4	  (CaMKIV)	   0	  

CDC42	  BPA	  (MRCKA)	   2	  

CDC42	  BPB	  (MRCKB)	   2	  
CDK1/cyclin	  B	   -‐2	  
CDK2/cyclin	  A	   -‐7	  
CDK5/p25	   4	  
CDK5/p35	   1	  

CDK7/cyclin	  H/MNAT1	   -‐37	  
CHEK1	  (CHK1)	   2	  
CHEK2	  (CHK2)	   15	  

CLK1	   6	  
CLK2	   5	  
CLK3	   3	  

CSF1R	  (FMS)	   76	  
CSK	   23	  

CSNK1A1	  (CK1	  alpha	  1)	   13	  

CSNK1D	  (CK1	  delta)	   73	  

CSNK1E	  (CK1	  epsilon)	   87	  
CSNK1G1	  (CK1	  gamma	  

1)	   2	  

CSNK1G2	  (CK1	  gamma	  
2)	   4	  

CSNK1G3	  (CK1	  gamma	  
3)	   12	  

CSNK2A1	  (CK2	  alpha	  1)	   1	  

CSNK2A2	  (CK2	  alpha	  2)	   4	  

DAPK1	   13	  

DAPK3	  (ZIPK)	   -‐1	  

DCAMKL2	  (DCK2)	   2	  

DYRK1A	   -‐1	  

DYRK1B	   3	  

DYRK3	   31	  

DYRK4	   -‐4	  

EEF2K	   6	  

EGFR	  (ErbB1)	   10	  

EGFR	  (ErbB1)	  L858R	   11	  

EGFR	  (ErbB1)	  L861Q	   13	  

EGFR	  (ErbB1)	  T790M	   5	  

EGFR	  (ErbB1)	  T790M	  
L858R	   9	  

EPHA1	   37	  

EPHA2	   21	  

EPHA3	   4	  

EPHA4	   11	  

EPHA5	   16	  

EPHA8	   29	  

EPHB1	   16	  

EPHB2	   15	  

EPHB3	   10	  

EPHB4	   9	  

ERBB2	  (HER2)	   3	  

ERBB4	  (HER4)	   5	  

FER	   -‐4	  

FES	  (FPS)	   5	  

FGFR1	   27	  

FGFR2	   36	  

FGFR3	   17	  

FGFR3	  K650E	   37	  

FGFR4	   32	  

FGR	   76	  

FLT1	  (VEGFR1)	   5	  

FLT3	   81	  

FLT3	  D835Y	   25	  

FLT4	  (VEGFR3)	   20	  

FRAP1	  (mTOR)	   101	  

FRK	  (PTK5)	   36	  

FYN	   55	  

GRK4	   -‐3	  

GRK5	   4	  

GRK6	   -‐5	  

GRK7	   -‐2	  

GSK3A	  (GSK3	  alpha)	   5	  

GSK3B	  (GSK3	  beta)	   -‐2	  

HCK	   41	  

HIPK1	  (Myak)	   1	  

HIPK4	   7	  

IGF1R	   3	  

IKBKB	  (IKK	  beta)	   1	  

IKBKE	  (IKK	  epsilon)	   1	  

INSR	   4	  

INSRR	  (IRR)	   14	  

IRAK4	   5	  

ITK	   0	  

JAK1	   4	  

JAK2	   -‐2	  

JAK2	  JH1	  JH2	   -‐11	  

JAK2	  JH1	  JH2	  V617F	   4	  

JAK3	   3	  

KDR	  (VEGFR2)	   30	  

KIT	   13	  

KIT	  T670I	   4	  

LCK	   66	  

LRRK2	   16	  

LRRK2	  G2019S	   7	  

LTK	  (TYK1)	   9	  

LYN	  A	   63	  

LYN	  B	   65	  

MAPK1	  (ERK2)	   -‐1	  

MAP2K1	  (MEK1)	   18	  

MAP2K2	  (MEK2)	   28	  

MAP2K6	  (MKK6)	   -‐3	  

MAP3K8	  (COT)	   2	  

MAP3K9	  (MLK1)	   16	  

MAP4K2	  (GCK)	   6	  

MAP4K4	  (HGK)	   15	  

MAP4K5	  (KHS1)	   6	  

MAPK10	  (JNK3)	   -‐5	  

MAPK11	  (p38	  beta)	   13	  

MAPK12	  (p38	  gamma)	   7	  

MAPK13	  (p38	  delta)	   1	  

MAPK3	  (ERK1)	   6	  

MAPK8	  (JNK1)	   12	  

MAPK9	  (JNK2)	   4	  

MAPKAPK2	   4	  

MAPKAPK3	   2	  

MAPKAPK5	  (PRAK)	   1	  

MARK1	  (MARK)	   9	  

MARK2	   13	  

MARK3	   6	  

MARK4	   13	  

MATK	  (HYL)	   3	  

MET	  (cMet)	   7	  

MELK	   32	  

MERTK (cMER) 16 

MET M1250T 3 

MINK1 4 

MST1R (RON) 1 

MST4 -5 

MUSK 15 

MYLK2 (skMLCK) 15 

NEK1 7 

NEK2 1 

NEK4 2 

NEK6 -2 

NEK7 13 

NEK9 -4 

NTRK1 (TRKA) 33 

NTRK2 (TRKB) 29 

NTRK3 (TRKC) 66 

PAK2 (PAK65) 9 

PAK3 -17 

PAK4 4 

PAK6 5 

PAK7 (KIAA1264) -4 

PASK 0 

PDGFRA (PDGFR alpha) 50 

PDGFRA D842V 50 

PDGFRA T674I 8 

PDGFRA V561D 81 

PDGFRB (PDGFR beta) 24 

PDK1 14 

PHKG1 5 

PHKG2 2 

PIM1 -2 

PIM2 0 

PKN1 (PRK1) 0 

PLK1 -1 

PLK2 3 

PLK3 -3 

PRKACA (PKA) 39 

PRKCA (PKC alpha) 22 

PRKCB1 (PKC beta I) 8 

PRKCB2 (PKC beta II) 3 

PRKCD (PKC delta) 2 

PRKCE (PKC epsilon) 9 

PRKCG (PKC gamma) 23 

PRKCH (PKC eta) 6 

PRKCI (PKC iota) 4 

PRKCN (PKD3) 17 

PRKCQ (PKC theta) 4 

PRKCZ (PKC zeta) 1 

PRKD1 (PKC mu) 21 

PRKD2 (PKD2) 11 

PRKG1 4 

PRKG2 (PKG2) 4 

PRKX 0 

PTK2 (FAK) 12 

PTK2B (FAK2) 5 

PTK6 (Brk) 53 

RAF1 (cRAF) Y340D 
Y341D 34 

RET 51 

RET V804L 8 

RET Y791F 71 

ROCK1 0 

ROCK2 1 

ROS1 13 

RPS6KA1 (RSK1) 1 

RPS6KA2 (RSK3) 0 

RPS6KA3 (RSK2) 4 

RPS6KA4 (MSK2) 11 

RPS6KA5 (MSK1) 4 

RPS6KA6 (RSK4) 0 

RPS6KB1 (p70S6K) -23 

SGK (SGK1) 4 

SGK2 2 

SGKL (SGK3) 2 

SNF1LK2 20 

SRC 12 

SRC N1 23 

SRMS (Srm) 30 

SRPK1 -1 

SRPK2 -3 

STK22B (TSSK2) 1 

STK22D (TSSK1) 1 

STK23 (MSSK1) 5 

STK24 (MST3) -3 

STK25 (YSK1) 1 

STK3 (MST2) 1 

STK4 (MST1) 3 

SYK -1 

TAOK2 (TAO1) 6 

TBK1 -4 

TEK (Tie2) -5 

TYK2 2 

TYRO3 (RSE) 18 

YES1 43 

ZAP70 2 

Supplementary Figure 13. INK128 screened against 243 kinases. INK128 was screened against a panel of 
243 kinases using the Invitrogen SelectScreen™ kinase profiling service.  The values indicate percent inhibition at 
1 µM of INK128.  
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Supplementary Figure 14. ATP site inhibition of mTOR does not reduce transcript levels of the 4 
invasion genes. INK128 time course. (a) mRNA expression of YB1, MTA1, vimentin, and CD44, 
relative to β-actin upon treatment with rapamycin (50 nM), PP242 (2.5 µM), or INK128 (200 nM) for 48 
hours in PC3 cells (mean + SEM, n = 3). (b) Representative western blot of 3 independent experiments 
showing a time course of invasion gene expression before and after treatment with INK128 (200 nM) in 
PC3 cells.	  
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Supplementary Figure 15. Polysome analysis after 3-hour INK128 treatment. (a) Ethidium bromide staining of rRNA 
species in individual fractions. Fractions 7-13 were determined to be polysome-associated fractions. (b) Overlay of polysome 
profiles from PC3 cells treated with vehicle (solid line) or INK128 (100 nM)(dotted line). (c) qPCR analysis of YB1 and rpS19 
mRNAs that show differential association in polysome fractions after INK128 (100 nM) treatment (mean + SEM, n = 6). The 
bottom graph shows that there is no change in β-actin mRNA association in polysome fractions between treatments. P-values 
(t-test) for each polysome fraction are shown. (d) Representative western blot of 3 independent experiments showing a time 
course of eEF2 and rpL28 expression before and after treatment with INK128 (200 nM) in PC3 cells.	  
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Supplementary Figure 16. 4-gene invasion signature is responsive to INK128 but not rapamycin in metastatic cell 
lines. (a-b) Representative western blot (a) and qPCR analysis (b) of MDA-MB-361 cells after 48-hour treatment with INK128 
(200 nM). (c-d) Representative western blot (c) and qPCR analysis (d) of SKOV3 cells after 48-hour treatment with INK128 
(200 nM). (e-f) Representative western blot (e) and qPCR analysis (f) of ACHN cells after 48-hour treatment with INK128 (200 
nM). Westerns = representative western blot of 2 independent experiments. QPCR – n = 3. All data represent mean + SEM. 
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Supplementary Figure 17. PTEN gene silencing in the A498 PTEN positive renal carcinoma cell line induces the post-
transcriptional expression of the 4-gene invasion signature. (a-b) Representative western blot (a) and qPCR analysis (b) 
of A498 cells after stable silencing of PTEN and 24 hour INK128 treatment (200 nM). Western = representative western blot of 
2 independent experiments. QPCR - n = 3.  All data represent mean + SEM. 
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Supplementary Figure 18. INK128 inhibits cell migration in PC3 prostate cancer cells as early as 6 hours after 
drug treatment. (a) Representative wound healing assay of 3 independent experiments in PC3 cells treated with 
rapamycin (50 nM) or INK128 (200 nM) for 40 hours. Inset (red box) represents wound at 0 hours. (b) Migration patterns 
of individual GFP-labeled PC3 cells during hours 3-4 after treatment with rapamycin or INK128 (34 cells per condition). 
(c) Average velocity of GFP-labeled PC3 cells during hours 3-4 or 6-7 after treatment with rapamycin 50 nM or INK128 
200 nM (mean + SEM, n = 34 cells per condition, * P<0.001,  ANOVA).  
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Supplementary Figure 19. Knockdown of the 4 invasion genes in 
PC3 prostate cancer cells. YB1, CD44, MTA1, and Vimentin protein 
levels after 48 hours of gene silencing in PC3 cells. 
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Supplementary Figure 20. YB1 knockdown and ATP site inhibition of mTOR decreases the protein levels but not 
mRNA levels of YB1 target genes. (a) Snail1 immunofluorescence in PC3 cells after 48 hours of YB1 gene silencing. 
Representative Snail1 immunofluorescence (top panels), box plot of Snail1 mean fluorescence intensity per cell (MFI)(n = 26  
siCtrl cells, n = 15 siYB1 cells, * P = 0.001, t-test)(bottom panel). (b) Snail1 immunofluorescence in PC3 cells after treatment 
with rapamycin (50 nM), PP242 (2.5 µM), or INK128 (200 nM). Representative Snail1 immunofluorescence (left panel), box 
plot of Snail1 mean fluorescence intensity per cell (MFI)(n = 16 vehicle treated cells, n = 26 rapamycin treated cells, n = 28 
PP242 treated cells, n = 27 INK128 treated cells, * P < 0.05, ANOVA)(right panel). (c) Representative western blot (left panel) 
and quantification of protein levels (right panel) for LEF1 and Twist1 after YB1 gene silencing (mean + SEM, n = 6, * P<0.05, 
t-test). (d) Representative western blot (left panel) and quantification of protein levels (right panel) for LEF1 and Twist1 after 
INK128 treatment (mean + SEM, n = 6, * P<0.005, t-test). (e-g) Snail1 (e), LEF1 (f), or Twist1 (g) mRNA expression 
normalized to β-actin after YB1 gene knockdown or treatment with rapamycin (50nM), PP242 (2.5 µM) or INK128 (200 nM) in 
PC3 cells (mean + SEM, n = 3).  
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Supplementary Figure 21. Effects of invasion gene knockdown or over expression in PC3 and BPH-1 cells, respectively 
on the cell cycle. (a) HA-YB1 and Flag-MTA1 protein levels after 48 hours of over expression in non-transformed BPH-1 
prostate epithelial cells (Y = YB1, M = MTA1). (b) Cell cycle analysis in PC3 cells after knockdown of respective genes (mean + 
SEM,  n = 3). (c) Cell cycle analysis upon over expression of YB1 and/or MTA1 in BPH-1 cells. (mean + SEM, n = 3). 
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Supplementary Figure 22. The 4EBP1M does not augment mTORC1 function or global protein synthesis in PC3 cells. 
(a) Representative western blot from 3 independent experiments of phospho-p70S6KT389 and phospho-rpS6S240/244 after a 48-
hour treatment with and without 1µg/ml doxycycline in PC3-4EBP1M cells. (b) Representative [35S]-methionine incorporation 
from 2 independent experiments in PC3-4EBP1M cells (48 hours, doxycycline 1µg/mL)(mean + SEM). (c) Representative cap-
binding assay from 2 independent experiments after 48-hour treatment with 1µg/ml doxycycline in PC3-4EBP1M cells.	   (d) 
mRNA expression of YB1, MTA1, Vimentin, and CD44 relative to β-actin after 48-hour treatment with 1µg/ml doxycycline in 
PC3-4EBP1M cells (mean + SEM, n = 3). 	  
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Supplementary Figure 23. The 4EBP/eIF4E axis imparts sensitivity to mTOR ATP site inhibition. (a) Quantification of  
western blots from 3 independent experiments of PC3 cells after 48 hours of 4EBP1/4EBP2 knockdown followed by 24-hour 
INK128 treatment. (n = 3, * p<0.05, ** p<0.01, ANOVA). (b) mRNA expression of YB1, MTA1, vimentin, and CD44 relative to 
β-actin after 48 hours of gene silencing of 4EBP1 and 4EBP2 followed by a 24-hour INK128 treatment (200 nM)(mean + 
SEM, n = 3). (c) mRNA expression of YB1, MTA1, and CD44 in WT and 4EBP1/4EBP2 DKO MEFs treated with 200 nM 
INK128 for 24 hours (mean + SEM,	  n = 3).  
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Supplementary Figure 24. mTORC2 does not control the expression of the 4-gene invasion signature. (a) mRNA 
expression of YB1, MTA1, and CD44 relative to β-actin after a 24-hour treatment with INK128 (200 nM) in mSin1-/- MEFs 
(mean + SEM, n = 3). (b) Representative western blot analysis from 2 independent experiments of PC3 prostate cancer cells 
after 48 hours of rictor gene silencing followed by a 24-hour treatment with INK128 (200 nM). (c) mRNA expression of YB1, 
MTA1, vimentin, and CD44 relative to β-actin in PC3 prostate cancer cells after 48 hours of rictor gene silencing followed by a 
24-hour treatment with INK128 (200 nM) in PC3. (mean + SEM, n = 3). (d) Cell cycle analysis of PC3-4EBP1M cells after 
treatment with 1µg/ml doxycycline for 48 hours (mean + SEM, n = 3). 
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Supplementary Figure 25. Complete mTOR inhibition decreases the expression of the 4-gene invasion signature at the 
level of translational control in vivo in PTENL/L mice. (a) Validation of antibodies used for immunofluorescence after 48-hour 
gene silencing of respective genes in PC3 cells. (b) Number of individual CK5+ and/or CK8+ cells measured in 3 separate mice 
for mean fluorescence intensity of respective protein targets in WT and PTENL/L mouse prostates. (c) mRNA expression of YB1, 
MTA1, vimentin, and CD44 relative to β-actin in WT and PTENL/L mice after 28 days of treatment with INK128 (1 mg/kg daily) 
(mean + SEM, n = 3 mice/arm). (d) Representative western blot of MTA1 from whole prostate tissue in WT and PTENL/L mice 
after 28 days of treatment with INK128 (1 mg/kg daily) (left panel) and quantitation relative to β-actin protein levels (right panel) 
(mean + SEM, n = 3 mice/arm, * P=0.02, ** P=0.04, t-test) (e) Representative western blot of YB1 from whole prostate tissue in 
WT and PTENL/L mice after 28 days of treatment with INK128 (1 mg/kg daily) (left panel) and quantitation relative to  β-actin 
protein levels (right panel) (mean + SEM, n = 4 mice/arm, * P=0.002, ** P=0.04, t-test) (f) Semi-quantitative RT-PCR of vimentin 
and β-actin for WT and PTENL/L FACS sorted murine prostate luminal epithelial cells (top panel). RT-PCR of a serial dilution of 
WT prostate luminal epithelial cell (bottom panel) (g) Z-series of perinuclear vimentin in a PTENL/L CK8 + prostate epithelial cell 
(red – vimentin, blue – DAPI, 0.4 µm per section, yellow arrows point to perinuclear vimentin). 
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Supplementary Figure 26. Preclinical efficacy of complete mTOR blockade in vivo (a) Mouse weights measured every 3 
days over the course of the preclinical trial (mean + SEM, n = 3/arm). (b) Representative phospho-specific immunohistochemistry 
of downstream mTOR targets in the ventral prostate (VP) of 9-month-old WT or PTENL/L mice after 28 days of treatment with 
INK128 (1 mg/kg daily) or RAD001 (10 mg/kg daily)(n = 6 mice/treatment arm). Scale bar = 100 µm. (c) Representative histology 
of 9-month-old WT or PTENL/L mice VP after 28 days of treatment with vehicle, RAD001 (10 mg/kg daily), or INK128 (1 mg/kg 
daily). Yellow dotted lines encircle prostate glands. Black triangles refer to prostatic secretions. Scale bar = 50 µm. (d) 
Quantification of PIN+ glands in treated mice (mean + SEM, n = 6 mice/arm, * P<0.001, ANOVA). (e) Proliferation measured by 
phospho-histone H3 positive glands in the prostates of 9-month-old WT or PTENL/L mice treated with RAD001 (10 mg/kg daily) or 
INK128 (1 mg/kg daily)(mean + SEM, n = 3 mice/arm, * P<0.01, ANOVA). (f) Apoptosis measured by cleaved caspase 3 (CC3) 
positive cells in the prostates of 9-month-old WT or PTENL/L mice treated with RAD001 (10 mg/kg daily) or INK128 (1 mg/kg daily)
(mean + SEM, n = 3 mice/arm, * P<0.01, ANOVA)(Left panel). Representative CC3 images (right panel). Scale bar = 25 µm.  
 
 	  

WT 
Vehicle RAD001 INK128 

PTENL/L PTENL/L PTENL/L 

Apoptosis 



Vehicle INK128

-50

-40

-30

-20

-10

0

0

5

10

15

20

25

0

5

10

15

20

%
 A

po
pt

os
is

 

%
 A

po
pt

os
is

 

LNCaP 
Prostate carcinoma 

A498 
Renal cell carcinoma 

a

n.s. n.s. 

* ** 

Supplementary Figure 27. INK128 induces apoptosis in specific cancer cell lines and decreases primary prostate 
cancer volume in vivo. (a) Apoptosis in LNCaP (n = 3) and A498 (n = 2) cancer cells after treatment with rapamycin (50 
nM), or INK128 (200 nM) for 48 hours (mean + SEM, * P<0.001, ** P<0.05, ANOVA, n.s. = not statistically significant). (b) 
Percentage decrease in ventral and lateral prostate volume in 9-month-old PTENL/L after a 28-day treatment with vehicle or 
INK128 (1mg/kg daily) measured by MRI (left panel)(mean + SEM, n = 4 mice/arm, * P = 0.0008, t-test). Representative 
MRI images of the PTENL/L ventral and lateral prostate on day 0 and day 28 of treatment with INK128 (right panel)(red 
dotted lines encircle the ventral and lateral prostate). (c) Additional images of prostate cancer invasion in the PTENL/L 
prostate (14-month-old mouse).	  
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