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Figure S1. DKO mice develop hepatic steatosis, related to Figure 2. (A) Macroscopic view of representative 
livers. (B) Liver/body weight ratios and liver weight were compared (n=6). (C, D, E) Hepatic and serum 
triglycerides, free fatty acids and cholesterol levels were determined and compared among 2-month-old mice (n=6). 
(F) mRNA levels of key genes in lipid metabolism was determined using qPCR and compared among 1-month-old 
mice (n=5). (G) 1-month-old WT and DKO mice were fed high fat diet for 1 month. Hepatic triglycerides were 
measured and compared among normal chow (NC) and high fat diet (HFD) fed WT and DKO mice (n=5~6). Data 
are shown as means ± S.D. (A-F) *, **, or *** indicates SKO, PKO or DKO vs. WT.  $, $$, or $$$ indicates DKO vs. 
SKO. # or ### indicates DKO vs. PKO.   *, $ or # indicates p<0.05. ** or $$ indicates p<0.01. ***, $$$ or ### 
indicates p<0.001. (G) * indicates p<0.05. 
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Figure S2. Dual deletion of Shp2 and Pten in hepatocytes leads to early-onset NASH, related to Figure 3. (A) 
Hepatic bile acid levels were determined and compared (n=6). (B) mRNA level of Cyp7a1 was determined by qPCR 
and compared (n=5). (C) Cyp7a1 was determined by immunoblot in liver lysates. (D) mRNA levels of secretory 
factors and related receptors were determined by qPCR and compared (n=5). (E) Analysis of toxicogenomics 
changes in DKO livers. Bar chart was generated using IPA-Tox® with microarray data (DKO vs. WT). Toxicology 
changes related to liver were highlighted. All samples used in this figure were obtained from 2-month-old mice. (A, 
B, D) Data are shown as means ± S.D. *, **, or *** indicates SKO, PKO or DKO vs. WT.  $ or $$$ indicates DKO 
vs. SKO. ### indicates DKO vs. PKO.   * or $ indicates p<0.05. ** indicates p<0.01. ***, $$$ or ### indicates 
p<0.001. (F-J) 2~3-month-old WT (Pten2fl/fl:Shp2fl/fl:Alb-Cre-) were infected with AAV-GFP or AAV-Cre. One 
week after infection, mice were I.P. with olive oil or CCL4 twice a week for 4 weeks. (F) Expression of Shp2 and 
Pten was examined by immunoblot analysis of liver lysates. (G, H) Right,  Picro-Sirius Red staining (G) and F4/80 
(H) immunostaining of liver sections. Left, quantification of percentage of positive Sirius Red and F4/80 staining 
area (n=3~4). (I) Serum ALT was measured and compared (n=3~ 4). (J) Spleen/body weight ratios were compared 
(n=3~ 4).  Data are presented as Mean±SD. (*p<0.05, ** p<0.01,*** p<0.001) 
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Figure S3. Microscopic view of representative tumors in MUP-uPA mice, related to Figure 4. Data are from 
MUP-uPA mice 5 months after transplantation with DKO hepatocytes. (A) Representative H&E and SOX9 staining 
on sections of tumors. (B) H&E and SOX9 immunostaining on lung sections. 
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Figure S4. Lenalidomide treatment reduces liver TIC population in DKO mice, related to Figure 5. Left, 
representative co-immunostaining of  CD44v6/cJun on liver sections. Right, quantification of cJun, CD44v6 and 
cJun/CD44v6 positive cells (n=3). Lena: lenalidomide.  Data are shown as means ± S.D.. * indicates p<0.05. ** 
indicates p<0.01.  
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Figure S5. TAM67 overexpression does not suppress NASH in DKO mice, related to Figure 6. (A) mRNA 
levels of cJun, cFos, JunB and JunD downstream targets were determined by qPCR and compared between mice 
infected with AAV-GFP  or AAV-TAM67 (n = 4). (B) Left, representative co-immunostaining of CD44v6/SOX9 on 
liver sections from SKO, PKO and DKO mice infected with AAV-GFP or AAV-TAM67. Right, quantification of 
CD44v6/SOX9 positive cells (n=4). (C, D) TAM67 expression was determined by immunoblot analysis of liver 
lysates. (E) Top, immunostaining for F4/80, Picro-Sirius Red and Oil-Red-O staining were performed on liver 
sections from mice infected with AAV-GFP or AAV-TAM67. Bottom, quantification of percentage of positive 
F4/80, Sirius Red, and Oil-Red-O staining area (n=5). (F, G)  Liver triglyceride and serum ALT levels were 
determined and compared between mice infected with AAV-GFP or AAV-TAM67 (n=6). (H) Immunostaining for 
Survivin was performed on liver sections from mice infected with AAV-GFP or AAV-TAM67.  Data are shown as 
means ± S.D.. * indicates p<0.05. ** indicates p<0.01. *** indicates p<0.001. 
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Figure S6. Analysis of SHP2 and PTEN expression in HCC patients, related to Figure 7. (A) Expression of 
SHP2 and PTEN was analyzed by immunostaining and compared in 45 pairs of human HCC and tumor-surrounding 
tissuearray samples. Liver cancer tissue array (LV1504) was purchased from US Biomax  (T: tumor; S: tumor-
surrounding tissue). (B) Tissue microarray (TMA) of paired human HCC tumor and tumor-surrounding tissue were 
stained for SHP2 or PTEN and scanned with Hamamatsu Slide Scanner (Microscopy Core, UCSD) (20X objective 
was used). Representative TMA images are shown here. Score: 0: negative staining; 1: weak staining; 2: moderate 
staining; 3: strong staining. (C) 3x3 matrix representation of PTEN and SHP2 status in tumor and tumor surrounding 
tissues. 
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Figure S7. Analysis of SHP2, PTEN and SOX9 expression in NASH or HCC patients, correlated to Figure 7. 

(A-B) Expression of PTEN (A) and SHP2 (B) was analyzed by immunostaining and compared in NAFL, NASH12 

(less severe NASH patients) and NASH34 (more severe NASH patients) human patients (n=5). Representative 

images are shown here. Scores from 0 to 3 were given to each sample with 0: negative staining; 1: weak staining; 2: 

moderate staining; 3: strong staining. Data are shown as means ± S.D.. p-value was calculated using one-way 

ANOVA. (C)Expression of SOX9 was analyzed by immunostaining and compared in NAFL, NASH12 and 
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NASH34 (NAFL: simple steatosis; NASH12 with stage 1-2 fibrosis; and NASH34: NASH with stage 3-4 fibrosis) 

human patients (n=4~5). Data are shown as means ± S.D.. *, p<0.05. **, p<0.01. (D) Expression of SHP2, PTEN 

and SOX9 was analyzed by immunostaining and compared in 350 pairs of human HCC samples. 

              See also Table S6. 
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Table S5, related to Figure 7, HCC patients information 
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Table S7, List of primers and antibodies 


