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Supplementary Figure 1. WDR76-mediated RAS protein Degradation.  

a IB results of RAS, PCNA, and ERKs from HCC tissues (tumor and paired normal). b 

HEK293 cells were transfected with Myc-HRAS WT, MycH-RAS V12 or MycH-RAS N17 

together with Flag-WDR76 construct then treated with ALLN. WCLs were 

immunoprecipitated with anti-Myc antibody. c HEK293 cells were transfected with Flag-

WDR76 construct. d HEK293 cells were transfected with Myc-HRAS, Myc-KRAS or Myc-

NRAS together with Flag-WDR76 construct. e, HEK293 cells were transfected with 

shWDR76 construct. f HEK293 cells were transfected with Flag-WDR76 construct and then 
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treated with ALLN where indicated. g, h HEK293 cells were transfected with indicated 

vectors and then treated with ALLN. WCLs were then immunoprecipitated with an anti-Myc 

antibody under denaturing conditions (g). Ubiquitin-conjugated proteins were captured from 

the lysate using an UbiQapture-Q kit and blotted with anti-RAS antibody (h). i HEK293 cells 

were transfected with Myc-HRAS, Flag-WDR76 together with V5-CUL4A construct then 

treated with ALLN. WCLs were immunoprecipitated with indicated antibodies. j HEK293 

cells were transfected with Myc-HRAS WT, Myc-HRAS V12 or Myc-HRAS L61 together with 

Flag-WDR76 construct. 
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Supplementary Figure 2. Effects of WDR76 on cell proliferation and transformation 

through RAS degradation.  

a-c HEK293 cells were transfected with indicated vectors and analyzed (a) or treated with 

ALLN (b, c). WCLs were immunoprecipitated with anti-RAS antibody (b, c). d-f, SK-hep1 

cells stably expressing GFP, GFP-WDR76FL, or GFP-WDR76NLS were cultured and 

analyzed by IB (d), cell growth was assessed by MTT assay (e), and foci formation assays 

were performed to detect cellular transformation (f). Data are presented as the mean ± SD.  

(n = 3 biological replicates). Two-sided student’s t test, ***P < 0.001.  
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Supplementary Figure 3. Role of WDR76 in the cell proliferation, transformation, and 

TGFβ-induced EMT.  a-d IB analyses (a), MTT assays (b), and BrdU (5-bromo-2’-

deoxyuridine) incorporation assays (c, d) of the SK-WT or SK-KO cells. Scale bars, 100 µm. 

e, f SK-WT and SK-KO cells were transduced with indicated combinations of lentivirus 

encoding RAS shRNA (e) or were treated with DMSO or AS703026 as indicated (f). Cells 

were applied to foci formation assays and colonies were counted and plotted (right panel) as 

mean ± SD. (n = 3 biological replicates). Two-sided student’s t test, **P < 0.01, ***P < 0.001. 

g-i SK-hep1 cells were transfected with WDR76 (g), shWDR76 construct (h), or HRAS (i) 

and treated with TGFβ as indicated. j, SK-WT-GFP, SK-KO-GFP, SK-KO-GFP-WDR76FL, 

or SK-KO-GFP-WDR76NLS cells were cultured. IBs were performed with indicated 

antibodies.  
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Supplementary Figure 4. Generation of the WDR76 knockout mouse and stabilization of 

Ras in WDR76-/- MEFs.  

a Schematic presentation of the gene trap strategy. The WDR76 gene is located on mouse 

chromosome 2. b PCR analysis of genomic DNA isolated from tails of WT (+/+), 

heterozygous (+/-), and homozygous WDR76 KO (-/-) mice. c In situ hybridization was 

performed for WDR76 in liver sections from 2-week-old WDR76+/+ and WDR76-/- mice. 

Scale bars, 100 µm. d IB examination of WDR76 from the liver, colon, lung, spleen, stomach, 

and kidney tissue lysates of 2-week-old WDR76+/+ and WDR76-/- mice. e IB (left panel) and 
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RT-PCR (right panel) analyses of WDR76+/+ and WDR76-/- MEFs. f The levels of Ras at 

indicated time points after CHX treatment were determined by IB of the WCLs, and were 

quantified with -actin as a loading control. The bottom panel shows plotted results for the 

amounts of Ras at each time point relative to the level at time 0. Data are presented as the 

mean ± SD (n = 3 biological replicates). g, h WDR76+/+ MEFs, WDR76-/- MEFs or WDR76 

reintroduced WDR76-/- MEFs were analyzed (g), or were transfected with 3XHA-Ub and then 

treated with ALLN (h). WCLs were immunoprecipitated with antibody recognizing Ras. i, j 

WDR76+/+ MEFs or WDR76-/- MEFs were transfected with V5-CUL4A together with 3XFlag-

Ub construct then treated with ALLN as indicated (j). WCLs were immunoprecipitated with 

anti-Ras antibody.  
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Supplementary Figure 5. Increased hepatic fibrosis in aged WDR76 knockout mice.  

a, b Representative images of Ras, and Ki67 staining in liver sections from 2-week-old 

WDR76+/+ or WDR76-/- mice (a). Bar graph shows the results for the numbers of Ki67 

positive cells per 10 high power field (HPF) (b). Data are presented as the mean ± SD. Two-

sided student’s t test, ***P < 0.001. c Liver tissues from 2-week-old WDR76+/+ or WDR76-/- 

mice were subjected to immunoblot to detect indicated proteins. d, e Sirius red staining (d) 

and Sirius red-positive area (e) of liver tissues from 1-year-old WDR76+/+ and WDR76-/- mice. 

Data are presented as the mean ± SD (n = 10 biological replicates). Two-sided student’s t test, 

***P < 0.001. f, g IHC (f) and IB (g) analyses of liver tissues from 1-year-old WDR76+/+ and 

WDR76-/- mice. Scale bars, 100 µm. 
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Supplementary Fig. 6 WDR76 knockout mouse livers are more sensitive to DEN-

induced acute liver injury. a-c H&E staining of liver sections (a), ALT levels (b), and 

proinflammatory gene expression (c) of WDR76+/+ and WDR76-/- mice that were treated with 

either vehicle (0.9% NaCl) or DEN at 100 mg/kg body weight. Scale bars, 200 µm. Data are 

presented as the mean ± SD. (n = 3 biological replicates). Two-sided student’s t test, **P < 

0.01, ***P < 0.001. d, e Representative Ki67 staining of liver sections from WDR76+/+ and 

WDR76-/- mice (d) and results of statistical analysis of the numbers of Ki67-positive cells per 

10 HPF (e). Data are presented as the mean ± SD. Two-sided student’s t test, ***P < 0.001. 

Scale bars, 100 µm. 
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Supplementary Fig. 7 Effect of WDR76 on the stability of RAS in livers from HRasG12V 

mice. a, b IHC (a) and IB (b) analyses of liver samples from 6-week-old HRasG12V or HRas 

G12V;WDR76Tg mice. Scale bar, 20 µm. 
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Supplementary Fig. 8 Uncropped blots for Figure 1 
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Supplementary Fig. 9 Uncropped blots for Figure 2 
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Supplementary Fig. 10 Uncropped blots for Figure 3-5 
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Supplementary Fig. 11 Uncropped blots for Supplementary Figure 1 
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Supplementary Fig. 12 Uncropped blots for Supplementary Figure 2-3 
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Supplementary Fig. 13 Uncropped blots for Supplementary Figure 4 
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Supplementary Fig. 14 Uncropped blots for Supplementary Figure 5 and Figure 7 
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Supplementary Table 1 List of HRAS associated proteins  
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Supplementary Table 2 List of Primer sequences 

 

 


