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Fig. S1. 
(A) Co-immunoprecipitation analysis of the interaction between Myc-PTEN and individual Flag-
tagged NEDD4 family ubiquitin E3 ligase. Immunoprecipitation (IP) of Flag-NEDD4 family 
ligases with Flag antibody, and then probed with PTEN antibodies to detect PTEN/individual 
NEDD4 family ligase interactions.  

(B) Effects of WWP1 catalytic activity on PTEN poly-ubiquitination. 293T cells were 
transfected with indicated constructs, and PTEN ubiquitination was analyzed. The ubiquitinated 
proteins were pulled down under denaturing conditions by Ni-NTA agarose, and analyzed by 
western blot. 

(C) Analysis of PTEN K27-linked poly-ubiquitination in DU145 cells stably expressing two 
independent WWP1 shRNAs. DU145 lysates were transfected with PTEN along with His-
ubiquitin (His-Ub); lysates were collected for Ni-NTA pull down, followed by western blot 
analysis.  

(D) DU145 cells transfected with indicated constructs were treated with 100 µg/ml 
cyclohexmide for various time points and endogenous PTEN was analyzed by western blot and 
ImageJ software. 

(E) Analysis of PTEN K48-linked poly-ubiquitination in PC3 cells expressing indicated NEDD4 
family ubiquitin E3 ligases as in Fig. 1F. PC3 cells were transfected with indicated constructs, 
treated with 1µM MG132 16 h, and PTEN ubiquitination was analyzed as in Fig. 1F.  

(F) In vitro ubiquitination of PTEN by either NEDD4-1 or WWP1 E3 ligase. Flag-PTEN 
purified from 293 cells were subjected to in vitro ubiquitination reaction in the presence of E1, 
E2, E3, and His-K27-only ubiquitin, and then examined by western blot with anti-PTEN 
antibody. The input control of NEDD4-1, WWP1, and ubiquitin before enzymatic reaction was 
determined by coomassie blue staining, and is shown in the bottom of the figure.  

(G) WWP1 interacts with PTEN endogenously. DU145 cells were immunoprecipitated with anti-
WWP1 antibody and then analyzed by western blot with indicated antibodies.  

(H) WWP1 binds NEDD4-1 in vitro. Recombinant Flag-WWP1 were incubated with 
immunopurified recombinant NEDD4-1, and then analyzed by western blot. 

(I) The flow chart of Tandem mass analysis (upper). Tandem mass spectrum of a peptide derived 
from ubiquitinated PTEN showing ubiquitin conjugation at the K27 residue of ubiquitin 
(bottom). 

(J) Ratio of indicated ubiquitin linkages detected by MS analysis of ubiquitinated PTEN purified 
from WWP1 overexpression cells to that from control (without WWP1 overexpression) cells. 
The abundance of each ubiquitin linkage was calculated as described in Methods.  

(K) Analysis of ubiquitin levels in various ubiquitin replacement cells treated with/without 
1µg/ml doxycycline.  
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(L) Effects of the indicated KR mutants on WWP1-mediated PTEN poly-ubiquitination. PC3 
cells were transfected with indicated constructs, and PTEN ubiquitination was analyzed as in 
Fig. 1D. 

(M) PC3 cells transfected with indicated constructs were treated with 100 µg/ml cyclohexmide 
for various time points and exogenous PTEN was analyzed by western blot and ImageJ software. 

4



5



Fig. S2. 
(A) 3D structure simulation of PTEN. The N-terminal of PTEN was shown in green, and the C-
terminal of PTEN was shown in yellow. The corresponding lysine residues were shown in blue. 

(B) Conservation of the K342 and K344 patch between different species. 

(C) Analysis of PTEN subcellular localization in wild type (WT) or K27R ubiquitin replacement 
cells treated with or without 1 µg/ml doxycycline for 2 Days. Representative confocal images are 
shown. Arrow indicates the PTEN plasma membrane localization. Bar, 20 µm (left panel). The 
percentage of cells displaying PTEN plasma membrane localization was quantified (right panel). 
Data are mean + SD; triple experiments, fifty cells per group per experiment (***P<0.0005, 
**P<0.005, triplicate experiments, Student’s t-tests). 

(D) Analysis of AKT activation and ubiquitin expression levels in various ubiquitin replacement 
cell lines treated with 1 µg/ml doxycycline for 2 Days. The relative amounts of phospho-AKT, 
normalized to their total levels, are indicated.  

(E) Effects of indicated WWP1 on PTEN lipid phosphatase activities in MEFs cells with 
indicated constructs. Data are shown as mean + SD (***P<0.0005, **P<0.005, triplicate 
experiments, Student’s t-tests). 

(F) Analysis of AKT activation in Wwp1+/+ and Wwp1-/- MEFs. 

(G) Analysis of endogenous PTEN ubiquitination in multiple cancer cell lines with stable 
knockdown of WWP1.  

(H) To evaluate PTEN dimerization in multiple cancer cells with stable knockdown of WWP1 
by Native Gel. Total lysates from cells were immunoprecipitated with a rabbit anti-PTEN 
antibody, and then the immunocomplexes were natively eluted from the beads. The eluted 
samples were immediately run on Native Gel.  

(I) Total and Membrane fractions isolated from multiple cancer cells with stable knockdown of 
WWP1. EGFR served as a membrane marked, and Actin as the internal control. 
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Fig. S3. 
(A) Effects of PTEN K342/K344R mutant on proliferation of PC3 cells. In vitro proliferation 
rate of PC3 cells as in Fig. 2K.  

(B) PC3 cells as in Fig. 2K were assayed for their colony forming ability in soft agar. The colony 
number are quantified and presented as mean + SD (***P<0.0005, **P<0.005, triplicate 
experiments, Student’s t-tests).  

(C) Tumor growth of the PC3 cells expressing indicated constructs in a xenograft model. 

(D) Tumors derived from each cell lines were analyzed by PTEN staining. The boxed areas are 
enlarged two fold to show on the right. Bar, 50 µm.  
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Fig. S4. 
(A) Schematic description (upper) and genotyping (bottom) of the CRISPR strategy to remove 
the MYC responsive element within WWP1 promoter.  

(B) Analysis of WWP1 and AKT activation in DU145 cells infected with indicated viruses. Total 
lysates were resolved by SDS-PAGE and then probed with indicated antibodies. 

(C) Effects of MYC/WWP1 axis on colony forming ability in soft agar. The colony numbers 
were quantified and presented as mean + SD (***P<0.0005, **P<0.005. triplicate experiments, 
Student’s t-tests). 

(D) Co-immunoprecipitation analysis of the interaction between Myc-PTEN and GFP-PTEN in 
DU145 cells transfected with the indicated plasmids. 

(E) Membrane localization of endogenous PTEN in DU145 cells expressing different amount of 
MYC. Membrane and soluble fractions isolated from cells were analyzed by western blot. EGFR 
served as a membrane marker. 

(F) Western blot analysis of DU145 cells with/without PTEN knockout by CRISPR. 

(G) Analysis of apoptosis of DU145 cells stably expressing indicated constructs by staining with 
Annexin-V-PE and 7ADD, and then followed by FACS analysis. 

(H) Analysis the coordinative effects of MYC and WWP1 on colony forming ability in soft agar. 
The colony numbers were quantified and presented as mean + SD (***P<0.0005, **P<0.005. 
triplicate experiments, Student’s t-tests). 

(I) Total, membrane, and soluble fractions isolated from different PCa cell lines were analyzed 
by western blot. EGFR served as a membrane marker, and Actin as the internal control. 

(J) Analysis of endogenous PTEN ubiquitination in different PCa cell lines. 
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Fig. S5. 
(A) Expression analysis of between MYC and WWP1 in TCGA data set of human prostate 
adenocarcinoma. MYC mRNA is positively correlated with WWP1 mRNA. 

(B) Expression analysis between WWP1 and phospho-AKT (S473) in TCGA RPPA (Reverse 
Phase Protein Array) of human prostate adenocarcinoma. Data are represented as mean of Z-
score + SEM. (Remove PTEN mRNA low group, Z-score <-2.0). WWP1 is positively correlated 
with pAKT. 

(C) Expression analysis between WWP1 and phospho-S6K in TCGA RPPA (Reverse Phase 
Protein Array) of human prostate adenocarcinoma. Data are represented as mean of Z-score + 
SEM. (Remove PTEN mRNA low group, Z-score <-2.0). WWP1 is positively correlated with 
pS6K. 

(D) Expression analysis between WWP1 and phospho-S6 in TCGA RPPA (Reverse Phase 
Protein Array) of human prostate adenocarcinoma. Data are represented as mean of Z-score + 
SEM. (Remove PTEN mRNA low group, Z-score <-2.0). WWP1 is positively correlated with 
pS6. 

(E) Expression analysis between MYC and phospho-AKT (S473) in TCGA RPPA of human 
prostate adenocarcinoma. Data are represented as mean of Z-score + SEM. (Remove PTEN 
mRNA low group, Z-score <-2.0).  

(F-H) Protein expression level of pAKT, pS6K, and pS6 in the TCGA RPPA of human prostate 
adenocarcinoma. Data are represented as mean of Z-score + SEM.  (Remove PTEN mRNA low 
group, Z-score<-2.0, and the groups are classified by the mRNA expression level of WWP1 and 
MYC).  

(I) WWP1 is co-amplified with MYC in human prostate cancer. Co-amplification analysis 
between MYC and WWP1 in TCGA dataset of human prostate adenocarcinoma. 

(J) MYC/WWP1 amplification exhibits a mutually exclusive pattern with PTEN 
deletion/mutation in Robinson dataset (Robinson., et al, Cell, 2015).  

(K) GSEA analyses of MYC or WWP1 levels with KEGG PI3K-AKT transcriptional outputs in 
TCGA data set of human prostate adenocarcinoma (Remove PTEN mRNA low group, Z-score 
<-2.0).  
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Fig. S6. 
(A) IHC staining of DLPs from Hi-Myc; Wwp1+/+ or Hi-Myc; Wwp1-/- mice with indicated 

antibodies. The mice at 5 months of age were analyzed. Scale bar, 50 µm. 

(B) Gene set enrichment analysis (GSEA) of RNA-Seq data from the DLP prostates of Wwp1 
knockout versus Wwp1 wild type mice using the PI3K-AKT signaling pathway gene set 
annotated in the ReactomeDB. Mice from all four groups contain the same Hi-Myc genetic 
background unless otherwise noted. 
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Fig. S7. 
(A) Ribbon diagram of WWP1 HECT domain in complex with I3C. The N-lobe of WWP1 
HECT domain was shown in green, and the C-lobe of WWP1 HECT domain was shown in 
orange.  

(B) Effects of WWP1 WT or WWP1 I3C binding mutant (F577/Y565A) on endogenous PTEN 
ubiquitination in MEFs. Analysis of endogenous PTEN ubiquitination levels in Wwp1-/- MEFs 
stably expressing indicated constructs. 

(C) Growth inhibition of WT, Wwp1-/-, and Nedd4-1-/- MEFs treated with various days of I3C for 
2 days. Representative pictures of the cells at Day 2 are shown below (triplicate experiments).  

(D) Growth curves of Wwp1-/- and Wwp1-/- cells stably expressing either WT WWP1 or WWP1 
F577/Y656A mutant treated with 60 µM I3C every other day. 

(E) Inhibition of WWP1-mediated PTEN K27-linked poly-ubiquitination by I3C in vitro.  Flag-
PTEN purified from 293 cells was subject to in vitro ubiquitination reaction in the presence of 
E1, E2, E3, K27-only ubiquitin, and various concentrations of I3C and then examined by western 
blot with anti-PTEN antibody. The input control of WWP1 was determined by western blotting, 
and is shown in the bottom.  

(F) Effects of I3C on WWP1-mediated PTEN K27-linked poly-ubiquitination. DU145 cells 
expressing indicated plasmids were treated with different doses of I3C every other day for 4 
Days. The ubiquitinated PTEN was pulled down under denaturing conditions by Ni-NTA 
agarose and analyzed by the western blot. 

(G) Effects of I3C on WWP2-mediated PTEN K48-linked poly-ubiquitination. DU145 cells 
expressing indicated plasmids were treated with different doses of I3C every other day for 4 
Days. The ubiquitinated PTEN was pulled down under denaturing conditions by Ni-NTA 
agarose and analyzed by the western blot. 

14



15



Fig. S8. 
(A) I3C on PTEN subcellular localization in DU145 cells. DU145 cells treated with 20 µM I3C 
every other day for 4 Days. Confocal images of DU145 cells treated with/without I3C were 
stained with DAPI and the indicated antibodies (left panel). Bar, 20 µm. The percentage of cells 
displaying PTEN plasma membrane localization was quantified (right panel). Data are mean + 
SD; triplicate experiments, fifty cells per group per experiment (**P<0.005, *P<0.05, n=50, 
Student’s t-tests). 

(B) Analysis the effects of I3C on prostate organoids forming ability from WT or Hi-Myc mice 
treated with/without 10 µM or 20 µM I3C every other day for 3 Days. The organoids numbers 
were quantified and presented as mean + SD (***P<0.0005, **P<0.005, n=50 organoids, 
Student’s t-tests). 

(C) Analysis the effects of I3C on prostate organoids size from WT or Hi-Myc mice treated 
with/without 20 µM I3C for 3 Days. The organoids numbers were quantified and presented as 
mean + SD (***P<0.0005, **P<0.005, n=50 organoids, Student’s t-tests).  

(D) Analysis of I3C on prostate sphere forming ability of WT or Hi-Myc prostate prostatic 
epithelial cells. The boxed areas are enlarged two folds to show the morphologies of the prostate 
spheres at P1 passage treated with/without 10 µM I3C every other day for 3 Days. Arrow 
indicates the apoptotic cells (left). Bar, 20 µm. The sphere numbers were quantified and 
presented as + SD (***P<0.0005, **P<0.005. triplicate experiments, Student’s t-tests) (right).   

(E) Western blot analysis of prostate spheres at P1 passage treated with 20 µM I3C every other 
day for 3 Days. 

(F) Analysis the effects of Pten deletion on prostate organoids forming ability from Hi-Myc mice 
by CRISPR. Bar, 100 µm (left). Western blot analysis with indicated organoids was included on 
the right. The organoids numbers were quantified and presented as mean + SD (***P<0.0005, 
**P<0.005, *P<0.05, triplicate experiments, Student’s t-tests) (right bottom). 
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Fig. S9. 
(A) H&E staining of mouse prostates. Quantification of percentage of normal epithelium in Hi-
Myc mice treated with vehicle or I3C at 6 months as shown in Fig. 5D. The mice at 5 months of 
age were treated I. P. with I3C (20 mg/kg), three times a week for 1 month stariting on Day zero. 
Representative pictures were shown in the panel. Data are mean + SD; n=3 per group. 
(**P<0.005, *P<0.05, Student’s t-tests). Scale bar, 50 µm.  

(B) Analysis of the weight of the prostate lobes derived from Hi-Myc mice treated with vehicle 
or I3C. The mice at 5 months of age were treated I.P. with I3C (20 mg/kg), three times a week 
for 1 month starting on day zero. (n=5 per genotype).  (***P<0.0005, **P<0.005, *P<0.05, 
Student’s t-tests). 

(C) Daily plasma concentration (Mean+SD) of I3C following intraperitoneal administration at 20 
mg/kg everyday or every other day. (24 hour interval dosing versus 48 hr interval dosing). 

(D) Gene set enrichment analysis (GSEA) of RNA-Seq data from the DLP prostates of (1) 
BYL719 treated mice versus vehicle treated and (2) GDC-0032 treated mice versus vehicle 
treated mice using the PI3K-AKT signaling pathway gene set annotated in the Kyoto 
Encyclopedia of Genes and Genomes (KEGG). Mice from all groups contain the same Hi-Myc 
genetic background unless otherwise noted. 

(E) First two principal components of the expression levels of the PI3K-AKT signaling pathway 
genes across five groups of mice: I3C-treated mice, BKM120-treated mice, BYL719-treated 
mice, GDC-0032-treated mice and vehicle-treated mice. Mice from all four groups contain the 
same Hi-Myc genetic background unless otherwise noted. 
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Fig. S10. 
(A) Growth curves indicate that Wwp1 KO results in reduced body mass. 

(B) Western blot analyses of MEFs with different genotypes with indicated antibodies. 

(C) Western blot analyses of AKT activation in MEFs with different genetic backgrounds upon 
WWP1 knockdown. 

(D) Quantification of percentage of normal epithelium in Pten+/- mice treated with vehicle or I3C 
at 8.5 months as shown in Fig. 5J. The mice at 7.5 months of age were treated I. P. with I3C (20 
mg/kg), three times a week for 1 month starting on Day zero. Representative pictures were 
shown in the panel. (n=3 per group) ).  (***P<0.0005, **P<0.005, *P<0.05, Student’s t-tests). 
Scale bar, 50 µm. 
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