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SUPPLEMENTARY MATERIALS AND METHODS 

Constructs 

The plasmids used in this study, including CRISPR based technology to delete Pten 

(PX330-sgPten), pT3-EF1α-c-met, pT3-EF1α, pT3-Cre, and pCMV-SB, have been 

described previously.1-3 Dominant negative form of Srebp2 (dnSrebp2) plasmid4 was 

kindly provided by Dr. Almut Schulze (Comprehensive Cancer Center Mainfranken, 

Würzburg, Germany) and cloned into pT3-EF1α vector using the Gateway cloning 

strategy.  

Hydrodynamic injection and mouse monitoring 

Fasnfl/fl mice in C57BL/6 background were described previously.5  AlbCre mice in 

C57BL/6 background6 were obtained from the Jackson Laboratory (Bar Harbor, ME). 

Fasnfl/fl mice were crossed with AlbCre mice to eventually generate liver specific Fasn 

knockout mice (FasnLKO mice). Both male and female mice were used in the study, and 

no difference was noticed when using either male or female mice. Hydrodynamic 

transfection was performed as described.7  To delete Fasn in sgPten/c-Met along HCC 

development, two approaches were used. In the first method, 20μg sgPten and 20μg c-

Met plasmids were mixed with 1.6μg pCMV-SB and hydrodynamically injected into 20-

week-old FasnLKO mice (n=10) or Fasnfl/fl mice (n=4).  In the second method, 20μg 

sgPten, 20μg c-Met, and 60μg Cre were mixed with 4μg pCMV-SB in 2ml of saline 

(experimental group; n=6). 20μg sgPten, 20μg c-Met, and 60μg pT3EF1α (empty vector) 

were instead mixed with 4μg pCMV-SB in 2 ml of saline (control; n=5). Saline solution 

was filtered through a 0.22 μm filter and injected into the lateral tail vein of 6-8 weeks old 

Fasnfl/fl mice in 5–7 s. Mice were harvested 8 to 51 weeks post injection, when they 

become moribund.  
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To delete Fasn along PIK3CA/c-Met driven liver tumor development, two approaches 

were employed. In the first method, 20μg PIK3CA and 20μg c-Met were mixed with 

1.6μg pCMV-SB in 2 ml of saline and hydrodynamically injected into 20-week-old 

FasnLKO mice (n=4) or Fasnfl/fl mice (n=5).  In the second method, 20μg PIK3CA, 20μg c-

Met, and 60 μg Cre were mixed with 4μg pCMV-SB in 2 ml of saline (n=5). 20μg PIK3CA, 

20μg c-Met, and 60μg pT3EF1α (empty vector, n=3) were instead mixed with 4μg 

pCMV-SB in 2ml of saline. Saline solution was injected into the lateral tail vein of 6-8 

weeks old Fasnfl/fl mice. To delete FASN along PIK3CA/N-Ras driven liver tumor 

development, two approaches were used. In the first approach, 20μg PIK3CA and 20μg 

Ras were mixed with 1.6μg pCMV-SB in 2 ml of saline and hydrodynamically injected 

into 20-week-old FasnLKO mice (n=7) or Fasnfl/fl mice (n=5).  In the second approach, 

20μg PIK3CA, 20μg Ras, and 60 μg Cre were mixed with 4μg pCMV-SB in 2 ml of saline 

(n=8). 20μg PIK3CA, 20μg Ras, and 60μg pT3EF1α (empty vector, n=6) were mixed 

with 4μg pCMV-SB in 2ml of saline. Saline solution was injected into the lateral tail vein 

of 6-8 weeks old Fasnfl/fl mice. To block cholesterol biosynthesis while inducing liver 

tumor formation, we co-expressed 20μg sgPten, 20μg c-Met, 60μg dnSrebp2 (n=10) or 

60μg pT3 empty vector as control (n=6) together with 4μg pCMV-SB plasmids into 20 

weeks old FasnLKO mice. 

Mice were monitored weekly, euthanized, and liver tissues collected when they 

developed large abdominal masses. All mice were housed, fed, and monitored in 

accordance with protocols approved by the Committee for Animal Research at the 

University of California, San Francisco. The detailed mouse information is available as 

Table S1. 

Histology and Immunohistochemistry 

Histopathologic analysis on mouse liver lesions was performed by two experienced liver 

pathologists (SR and FD) on tissue slides stained with H&E and the PAS reaction in 
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accordance with the criteria by Frith et al.8  For immunohistochemistry, antigen retrieval 

was performed in 10mM sodium citrate buffer (pH 6.0) by placement in a microwave 

oven on high for 10 min, followed by a 20-min cool down at room temperature. After a 

blocking step with the 5% goat serum and Avidin-Biotin blocking kit (Vector Laboratories, 

Burlingame, CA), the slides were incubated with primary antibodies overnight at 4°C. 

Slides were then subjected to 3% hydrogen peroxide for 10 min to quench endogenous 

peroxidase activity and subsequently the biotin conjugated secondary antibody was 

applied at a 1:500 dilution for 30 min at room temperature. Pten (9559), ACC (3676), 

and FASN (3180) antibodies were obtained from Cell Signaling Technology Inc (Danvers, 

MA); Ki-67 antibody (MA5-14520) was purchased from Thermo Fisher Scientific 

(Waltham, MA); SREBP1 antibody was obtained from Santa Cruz Biotechnology (sc-

13551; Santa Cruz, CA); SREBP2 antibody was obtained from Cayman Chemical 

(10007663, Ann Arbor, MI). The immunoreactivity was visualized with the Vectastain 

Elite ABC kit (Vector Laboratories, Burlingame, CA), using ImmPACT DAB (Vector 

Laboratories, SK-4105) as the chromogen. Slides were counterstained with Mayer’s 

hematoxylin.  

Oil red O staining (American MasterTech, Lodi, CA) and PAS staining (Thermo Fisher 

Scientific) were performed using standard methods, according to the manufacturer’s 

protocol. ImageJ software was used for quantification of Oil Red O positive area as 

percentage of threshold area. 

Protein Extraction and Western blotting  

Mouse livers tissues were homogenized in lysis buffer [30 mM Tris (pH 7.5), 150 mM 

NaCl, 1% NP-40, 0.5% Na deoxycholate, 0.1% SDS, 10% glycerol  and 2mM EDTA] 

containing the Complete Protease Inhibitor Cocktail (Thermo Fisher Scientific). Protein 

concentrations were determined with the Pierce BCA Protein Assay Kit (Thermo Fisher 

Scientific) using bovine serum albumin as standard. For Western blot analysis, aliquots 

http://www.thermoscientific.com/en/product/ki-67-rabbit-monoclonal-antibody.html
http://www.thermoscientific.com/en/product/ki-67-rabbit-monoclonal-antibody.html
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of 40μg were denatured by boiling in Tris-Glycine SDS Sample Buffer, separated by 

SDS-PAGE, and transferred onto nitrocellulose membranes (Bio-Rad Laboratories, Inc. 

Hercules, CA) by electroblotting. Membranes were blocked in in 5% non-fat dry milk in 

Tris-buffered saline containing 0.1% Tween 20 for 1 h and probed with following specific 

antibodies for ACC (3676), FASN (3180), Pten (9559), p-AKTser473 (3787), p-AKTthr308 

(13038), total-AKT (9272), p-ERK1/2 (4370), total-ERK1/2 (9102; Cell Signaling 

Technology Inc.), c-Met (718000; Thermo Fisher Scientific). SREBP1 (sc-365513; Santa 

Cruz Biotechnology), and SREBP2 (a gift from Dr. Tim Osborne and 10007663; Cayman 

Chemical). Anti-GAPDH (MAB374; EMD Millipore, Billerica, MA), anti-β-Actin (A5441; 

Sigma-Aldrich, St. Louis, MO), anti- β-tubulin (6046; Abcam), and Histone H3 (4499; Cell 

Signaling Technology) were used as loading controls. Each primary antibody was 

followed by incubation with horseradish peroxidase-secondary antibody (Jackson 

ImmunoResearch Laboratories Inc., West Grove, PA) diluted 1:5000 for 30 min and 

proteins were revealed with the SuperSignal West Pico Chemiluminescent Substrate 

(Pierce Chemical Co., New York, NY). 

In vitro studies 

The SNU449, SNU475, PLC, Hep40, Hep3B, and MHCC97H HCC cell lines were used 

in this study. The cells were authenticated via STR analysis. All cells were grown in a 5% 

CO2 atmosphere, at 37˚C, in medium supplemented with 10% fetal bovine serum (FBS, 

Sigma-Aldrich) and penicillin/streptomycin (Sigma-Aldrich). The FASN inhibitor, C75 

(final concentration 50 μM; Sigma-Aldrich), and the HMGCR inhibitor, Atorvastatin (final 

concentration 10 μM, Sigma-Aldrich), were administered either alone or in association to 

SNU449, Hep40, Hep3B, and MHCC97H HCC cell lines for 48h after 24h serum 

deprivation. Proliferation and apoptosis were assessed using the BrdU Cell Proliferation 

Reagent (Cell Signaling Technology) and the Cell Death Detection Elisa Plus Kit (Roche 

http://www.thermoscientific.com/en/product/ki-67-rabbit-monoclonal-antibody.html
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Molecular Biochemicals, Indianapolis, IN), respectively, following the manufacturers’ 

protocol. Experiments were repeated at least three times in triplicate. 

Assessment of SREBP2 activity 

The transcriptional activity of SREBP2 was assessed on nuclear extracts of human HCC 

cell lines as well as human tissue specimens using the SREBP2 Transcription Factor 

Assay Kit (Abcam, Cambridge, United Kingdom), following the manufacturer’s 

instructions. Nuclear extracts were isolated using the NE-PER Nuclear and Cytoplasmic 

Extraction Kit (ThermoFisher Scientific). 

Knockdown of FASN, HMGCR, and SREBP2 

For gene silencing studies, cells were transfected with 30 pmol/L siRNA targeting FASN 

(ID # s5030) HMGCR (ID # 4026) and SREBP2 (ID # s27; Life Technologies, Grand 

Island, NY) and with the use of Lipofectamine RNAiMAX (Life Technologies) according 

to the manufacturer’s recommendations. A scramble small interfering RNA (siRNA; ID # 

4390844; Life Technologies) was used as negative control and GAPDH siRNA (siRNA; 

ID # AM4605; Life Technologies) as a positive control. RNA was extracted 72 hours after 

transfection. Experiments were repeated at least three times in triplicate. 

Knockout of FASN in the SNU449 cell line  

Two sgRNA were constructed with PX458-pSpCas9(BB)-2A-GFP-MCS plasmid (a gift of 

Dr. Guo Wei), the procedures were based on the Zhang Feng’ lab protocol.9  A pair of 

oligos were annealed, phosphorylated, and ligated to the linearized vector. The oligos 

sequences are as follows: 5’ TCACGGACGATGACCGTCGC 3’, 5’ 

GCGAGGAGACTGGTACGCTC 3’. SNU449 cells were sorted in 96-well plates using 

fluorescence-activated cell sorting (FACS) with a FACSria Ⅱ  cell sorter (BD 

BioSciences, San Jose, CA) after transfection. Forty-five monoclones were analyzed, 

and the gene FASN of number 18 and 32 monoclones cells were knockout. 
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Cell proliferation assay  

The cells proliferation was performed by the CellTrace™ CFSE Cell Proliferation Kit 

following the manufacturer’s manual (Thermo Fisher Scientific), and analyzed by ModFit 

LT software. Each assay was performed in triplicate and repeated for 3 times. Cell 

proliferation was tracked via flow cytometry based on the CFSE-based staining, allowing 

the study of the division history of individual cells.  

Immunofluorescence  

Cells were cultured on the glass cover slip till the confluence 60%, washed with PBS 

three times per 3 min and fixed with 4% paraformaldehyde/PBS at the room temperature 

for 20 min followed by 20 min of permeabilization with 0.2% Triton X-100/PBS. After 

incubation with 5% BSA for 1 h, the cells were incubated with primary antibody overnight 

at 4°C, followed by fluorescence labeled secondary antibody for 1h at room temperature 

away from the light, and then stained with DAPI, visualized with confocal microscope.  

Quantitative reverse transcription real-time polymerase chain reaction (qRT-PCR)  

 Total mRNA was extracted from liver tissues using Quick RNA miniprep kit (Zymo 

Research, Irvine, CA, USA). mRNA expression was determined by qRT-PCR using 

SYBR Green Master Mix (Bio-Rad Laboratories, INC. Hercules, CA) in a QuantStudio™ 

6 Flex system (Applied Biosystems, Foster City, CA). Thermal cycling conditions 

included an initial hold period at 95°C for 10 minutes, which was followed by a three-step 

PCR program of 95°C for 15 seconds, 60°C for 1 min and 72°C for 30 seconds for a 

total of 35 cycles. Primers used in this study are reported as below. 

Quantitative values were calculated by using the PE Biosystems Analysis software and 

expressed as Number target (NT). ΔCt value of each sample was calculated by 

subtracting the average Ct value of the target gene from the average Ct value of the rRNA 

or Actin gene. To analyze DHCR24, LSS, and MVK expression in human HCC samples, 

Gene Expression Assays for human DHCR24 (ID # Hs00207388_m1), LSS 
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(Hs01552331_m1), MVK (Hs00176077_m1), and β-Actin (ID # 4333762T) genes were 

purchased from Applied Biosystems (Foster City, CA, USA). Quantitative values were 

calculated by using the PE Biosystems Analysis software and expressed as Number 

target (NT). NT = 2-ΔCt, wherein ΔCt value of each sample was calculated by subtracting 

the average Ct value of the CKS2 gene from the average Ct value of the β-Actin gene. 

Primer 5'-------3' 
mouse-FASN 

Forward  GGAGGTGGTGATAGCCGG TAT  
Reverse TGGGTAATCCATAGAGCCCAG  

mouse-Acly 
Forward  CAGCCAAGGCAATTTCAGAGC 
Reverse CTCGACGTTTGATTAACTGGTCT 

mouse-Acaca 
Forward  ATGGGCGGAATGGTCTCTTTC 
Reverse TGGGGACCTTGTCTTCATCAT 

mouse-
HMGCR 

Forward  AGCTTGCCCGAATTGTATGTG 
Reverse TCTGTTGTGAACCATGTGACTTC 

mouse-Sqle 
Forward  ATAAGAAATGCGGGGATGTCAC 
Reverse ATATCCGAGAAGGCAGCGAAC 

mouse-Mvd 
Forward  ATGGCCTCAGAAAAGCCTCAG  
Reverse TGGTCGTTTTTAGCTGGTCCT 

mouse-AFP 
Forward  TCTGCTGGCACGCAAGAA G 
Reverse TCGGCAGGTTCTGGAAACTG 

mouse-Gpc3 Forward  CAGCCCGGACTCAAATGGG 
Reverse CAGCCGTGCTGTTAGTTGGTA 

mouse-Elovl6 Forward  GAAAAGCAGTTCAACGAGAACG 
Reverse AGATGCCGACCACCAAAGATA 

rRNA 
Forward  CGGCTACCACATCCAAGGAA 
Reverse GCTGGAATTACCGCGGCT 

human-FASN Forward  GTTCACGGACATGGAGCAC 
Reverse GTGGCTCTTGATGATCAGGTC 

human-
HMGCR 

Forward  GCAGGACCCCTTTGCTTAGA 
Reverse GCACCTCCACCAAGACCTAT 

human-Mvd Forward  ATCAAGTACTGGGGCAAGCG 
Reverse CTTGCTGATGACGGCTGTTG 

human-Sqle Forward  GTTCGCCCTCTTCTCGGATATT 
Reverse GGTTCCTTTTCTGCGCCTCCT 

human-Actin   Forward  TCATGAAGTGTGACGTGGACATC 
Reverse CAGGAGGAGCAATGATCTTGATCT 

human-
SREBP2    

Forward  CCTGGGAGACATCGACGAGAT 
Reverse TGAATGACCGTTGCACTGAAG 

mouse-IL6 
Forward  CCAAGAGGTGAGTGCTTCCC 
Reverse CTGTTGTTCAGACTCTCTCCCT 

mouse-IL10 Forward  GCTCTTACTGACTGGCATGAG 
Reverse CGCAGCTCTAGGAGCATGTG 

mouse-IL-1β Forward  ATCTTTGAAGAAGAGCCCATCCTC 
Reverse CAGCTCATATGGGTCCGAC 

mouse-TNFα Forward  GGCCCAGACCCTCACACTCAGATCAT 
Reverse GCAAACCACCAAGTGGAGGA 

https://www.thermofisher.com/taqman-gene-expression/product/Hs01552331_m1?CID=&ICID=&subtype=
https://www.thermofisher.com/taqman-gene-expression/product/Hs00176077_m1?CID=&ICID=&subtype=
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Microarray procedure  

Normal liver tissues (NL) from FasnLKO mice (n=4) and control Fasnfl/fl mice (n=4), as well 

as sgPten/c-Met HCC tissues from FasnLKO mice (n=4) and Fasnfl/fl mice (n=4) were 

used to isolate mRNA and preparation of probes for hybridization on the Affymetrix 

GeneChip® Mouse 1.0 ST arrays following the manufacturer’s instruction. Total RNA 

from liver tissues was prepared using the Quick-RNA™ kit (Zymo Research, Irvine, CA, 

USA) according to standard protocols provided by the manufacturer. Array data were 

normalized using the Robust Multiarray Average (RMA) approach.  

Microarray data analysis and statistics 

To compare the differences between FASN(-) and FASN(+) in normal liver and HCC for 

the microarray data, differentially expressed genes（DEGs）between different groups 

were screened by the Bioconductor package LIMMA. The detailed comparisons were (1) 

FASN (+) vs FASN(-) normal liver; (2) FASN(+) vs FASN(-) HCC; (3) FASN(+) HCC vs 

FASN(+) normal liver; (4) FASN(-) HCC vs FASN(-) normal liver. The associated P 

values were adjusted to false discovery rates (FDR) based on the Benjamini and 

Hochberg (BH) method.10 DEGs were cut-off by |log2 FC| >1 and Padj<0.05. DEGs 

(2343 genes) were selected to plot the heat map with the function of heatmap.2 in the 

software of R.11 The data was normalized to library size among the samples. The genes 

and samples were clustered by the Ward’s method.10  The genes related to fatty acid 

and cholesterol metabolism (n=32) were used to plot the heat map as described above. 

Pathway analysis was performed using the Consensus PathDB online tool (P<0.05) and 

was conducted on the pathway databases that have predefined with default parameter 

settings. 

Metabolic and lipidomic profiling 

Unbiased metabolic profiling was carried out at Metabolon Inc (Durham, NC) using 
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GC/MS- and LC/MS/MS-based methods and proprietary software, as previously 

described.12 Fifty mg of flash-frozen normal liver tissues from FasnLKO mice (n=6) and 

Fasnfl/fl mice (n=6), as well as sgPten/c-Met HCC tissues from FasnLKO mice (n=6), and 

Fasnfl/fl  mice (n=6) were submitted to Metabolon Inc (Durham, NC). Unbiased metabolic 

profiling was carried out using GC/MS- and LC/MS/MS-based methods and proprietary 

software, as previously described.13 14  In brief, lipids were extracted from samples using 

dichloromethane and methanol in a modified Bligh-Dyer extraction in the presence of 

internal standards with the lower, organic, phase being used for analysis. The extracts 

were concentrated under nitrogen and reconstituted in 0.25mL of dichloromethane: 

methanol (50:50) containing 10mM ammonium acetate. The extracts were placed in 

vials for infusion-MS analyses, performed on a SelexION equipped Sciex 5500 QTRAP 

using both positive and negative mode electrospray. Each sample was subjected to 2 

analyses, with IMS-MS conditions optimized for lipid classes monitored in each analysis. 

The 5500 QTRAP was operated in MRM mode to monitor the transitions for over 1,100 

lipids from up to 14 lipid classes. Individual lipid species were quantified based on the 

ratio of signal intensity for target compounds to the signal intensity for an assigned 

internal standard of known concentration. Lipid class concentration was calculated 

from the sum of all molecular species within a class, and fatty acid composition was 

determined by calculating the proportion of individual fatty acids within each class. 

Metabolites were identified by automated comparison of experimental samples to 

chemical reference library standards and were curated using software developed at 

Metabolon. 

Lipidomics data analysis and statistics 

Four samples from each group of Fasn(+) Normal liver, Fasn(-) Normal Liver, Fasn(+) 

HCC and Fasn(-) HCC were subjected to lipidomics analysis. The heat map of lipid 

species was plotted by Excel. Data are shown as means ± SD. Statistical analyses for 
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the lipid species quantification were completed using GraphPad Prism 6. All data are 

assessed by Student’ t test.  
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