
 1 

Supplementary Methods 
 

Analysis of RNA-sequencing Cancer Genome Atlas data 
 Reads were aligned to the human genome (hg19) with TopHat2 (1) 

Bowtie v0.12.8 (2) using default parameters. Mapped reads per gene 

(EnsEMBL GRCh37, release 74) were counted using the “summarizeOverlaps” 

function in the GenomicAlignments R package, non-expressed genes were 

removed (mean read count per gene over all samples >1) and TMM normalized 

with EdgeR. Gene set enrichment analyses (3) were performed with the C2 and 

Hallmark collection from the MSigDB v5.2 (4) with default parameters and 1000 

permutations. Principle component analysis (PCA) was performed with the 

prcomp function from R after centering sequencing depth-normalized 

expression values of all expressed genes (n=20,434). RNA-SEQ data are 

available at GEO (GSE124189). 

 Raw gene expression data of p53wt/mut colon cancer specimens were 

extracted from TCGA PanCancer Atlas (n=182) using cBioPortal 

(http://cbioportal.org). Z Score (RSEM) gene expression for the genes 

HMGCS1, HMGCS, MVD, ACSS2, DHCR7, SQLE, SREBF2 and FDFT1 were 

dichotomized into p53 mut (n=94) and p53 wt (n=88) cases and differences in 

median expression was assessed using the unpaired student's t-test. For 

correlation of HMGCS1 expression to clinical tumour characteristics, R 3.10 

(http://www.r-project.org) and the packages TCGA2STAT (https://cran.r-

project.org/web/packages/TCGA2STAT/index.html) and plyr (https://cran.r-

project.org/web/packages/plyr/index.html) were used to extract RPKM-

normalized RNASeq2 data and clinical variables from the COAD tumour 

collective. Data processing and visualization were done using a personalized 

R-Script. RSEM = RNA seq. by Expectation Maximization (5). 

 

Generation of shRNA Cell Lines 
 Lentiviral vectors containing short hairpin RNA sequences targeting 

SREBF2 were cloned into the TetOnPLKO (Addgene Cat#21915) lentiviral 

vector using the following oligonucleotides sequence 84: forward 5’ 

CCGGCCTGAGTTTCTCTCTCCTGAACTCGAGTTCAGGAGAGAGAAACTC
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AGGTTTTT and reverse 5’ 

AATTAAAAACCTGAGTTTCTCTCTCCTGAACTCGAGTTCAGGAGAGAGAA

ACTCAGG and sequence 85: forward 5’ 

CCGGCCTCAGATCATCAAGACAGATCTCGAGATCTGTCTTGATGATCTGA

GGTTTTT and reverse 5’ 

AATTAAAAACCTCAGATCATCAAGACAGATCTCGAGATCTGTCTTGATGA

TCTGAGG. Lentiviruses were produced by co-transfecting HEK 293T with 

shRNA plasmids and the packaging plasmids psPAX.2 (Addgene Cat#12260) 

and pMD.G (Addgene Cat#12259). Supernatants containing lentiviruses were 

collected 48h after transfection, mixed with polybrene (8 μg/ml) (Sigma) and 

used for infection. Fresh medium containing puromycin (2 μg/ml) (Sigma) was 

added after 24 hours and cells were selected for at least 48 hours before use. 

 

Automated cell counting 
 For the determination of cell number, 5000 cells per well were cultivated 

in 96-well plates (Greiner, #655986) and fixed in 3.7% PFA for 10 min. After 

washing with PBS, cells were permeabilized with 0.2% Triton X-100/PBS and 

blocked in 3% BSA/PBS. After washing with PBS, nuclei were stained with 

2.5 µg/ml Hoechst 33342 for 5 min. Images were acquired using the Operetta™ 

High Content Screening System (PerkinElmer) with the following settings: 

objective: 20 x WD; optical mode: non-confocal; excitation: 50 %. Ten images 

per well were acquired and analysis was performed with the HarmonyR High 

Content Imaging and Analysis Software (Perkin Elmer). Analyses were 

performed on three independent biological replicates.  

 

Liquid chromatography and mass spectrometry  
 For LC-MS analysis of water soluble metabolites, extracts were diluted 

1:2 with CH3CN and 5 µl of each sample was applied to a HILIC column 

(Acclaim Mixed-Mode HILIC-1, 3µm, 2.1*150 mm). Metabolites were separated 

at 30°C by LC using a DIONEX Ultimate 3000 UPLC system and the following 

solvents: Solvent A consisting of 5 mM NH4OAc in CH3CN/H2O (5/95, v/v) and 

solvent B consisting of 5 mM NH4OAc in CH3CN/H2O (95/5, v/v). A linear 

gradient starting at 100% solvent B decreasing to 50% solvent B over 6 min 
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was applied followed by 15 min constant elution with 40% solvent B. All 

analyses were performed with three independent biological replicates. 

 For LC/MS analysis of ubiquinones, 5 µl of each sample was applied to 

a C8 column (Acclaim RSLC C8 column, 2.2 μm particles, 50 × 2.1 mm, Thermo 

Scientific, Bremen, Germany) (at 40°C). Ubiquinones were eluted isocratically 

with 5 mM NH4OAc in CH3CN/H2O (95/5, v/v) for 30 minutes at a flow rate of 

350 μl/min. The eluent was directed to the ESI source of the QE-MS from 15 

min to 29 min after sample injection. For cholesterol measurements, both 

cholesterol-containing fractions were combined and also separated on the C8 

column with mobile phase buffer A consisting of 0.1% formic acid in 

CH3CN/H2O (10/90, v/v), and solvent B consisting of 0.1% formic acid in 

CH3CN/H2O (90/10, v/v). After application of 5 µl sample (at 40°C), the LC 

gradient program was 20% solvent B for 2 min, followed by a linear increase to 

100% solvent B within 5 min, then maintaining 100% solvent B for 12 min. The 

flow rate was maintained at 350 μl/min. The eluent was directed to the ESI 

source of the QE-MS from 7.0 min to 13.0 min after sample injection.  

 All MS-analyses were performed on a QE-MS (Thermo Scientific Q-

Exactive mass spectrometer) applying the following scan and HESI source 

parameters: Scan Ranges: For polar metabolites: 810 - 950 m/z (alternating 

positive and negative mode), for ubiquinones: 810 - 950 m/z (positive mode) 

and for cholesterol: 365 - 400 m/z (positive mode). Resolution: 70,000, AGC-

Target: 1E6, Maximum Injection Time: 200 ms. Sheath gas: 30, auxiliary gas: 

10, sweep gas: 3, Aux Gas Heater temperature: 120 °C. Spray voltage: 2.5 kV, 

Capillary temperature: 320 °C, S-lens RF level: 55.0. Signal determination and 

quantitation was performed using TraceFinder™ Software Version 4.1 (Thermo 

Fisher). All analyses were performed with three independent biological 

replicates. 

 

BrdU staining of murine tissue 
 Murine intestinal mucosa was embedded in paraffin, cut and kept at 60 

°C overnight. Sections were first placed in xylene for 5 min before three washes 

of 1 min each (two in EtOH and one in 70% EtOH). Sections were washed for 

5 min in deionized H2O and then held for 25 min at 98 °C in a PT module using 

pH 6 sodium citrate retrieval buffer. They were washed once in TbT before 
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blocking of endogenous peroxidase for 5 min. Sections were washed in TbT 

before and after incubation with BrdU antibody (BD Biosciences 347580, 1:200 

dilution) for 35 min. Sections were washed in TbT before and after incubation 

for 30 min in a mouse EnVision detection system. A 10-min incubation in 3,3ʹ-

diaminobenzidine tetrahydrochloride was then performed. Sections were 

washed with deionized water (1 min) before and after incubation with 

hematoxylin Z, followed by post-incubation with 1% acid alcohol. This was 

followed by a 30-s wash with deionized water, and then incubation with Scott’s 

Tap Water substitute (1 min) and deionized water (1 min). 
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Supplementary Figure Legends 
 
Figure S1: Reprogramming of glucose metabolism in spheroid cultures 
(related to Figure 1) 
A) HCT116 p53+/+ and p53-/- cells were cultured as monolayer cultures (MLC) 

and treated with 20 µM etoposide for 24 hrs. Cells were lysed and protein 

extracts were analyzed for expression of p53 and p21. Vinculin (VCL) is shown 

as loading control. 

B) Diagram showing the labelling of metabolites from [U13C]-glucose.  
C-E) HCT116 p53+/+ and p53-/- cells were cultured as MLC for 24 hrs or as multi-

layered tumor spheroid cultures (SPC) for 14 days and used for stable isotope 

tracing analysis. After incubation with [U13C]-glucose for 48, 16, 4 or 2 hours, 

cells were extracted and metabolites were analyzed by LC-MS. Data are 

presented as mean ±SEM of three independent biological replicates. 

C) Labelling patterns for pyruvate and lactate. 

D) Labelling patterns for TCA cycle metabolites. 

E) Labelling patterns for alanine, glutamate and aspartate. 

F) Labelling patterns for UMP. 

 

Figure S2: Loss of p53 activates SREBP2 (related to Figure 2) 
A) Heat maps showing the normalized enrichment scores (NES) of a gene set 

enrichment analysis (GSEA) comparing RNA-SEQ profiles from HCT116 p53+/+ 

and p53-/- cells cultured as MLC or SPC or grown as xenograft tumors (6). Gene 

sets were from the MSigDB H: Hallmark collection (7). 

B) Expression of ABCA1 mRNA in HCT116 p53+/+ and p53-/- cells cultured as 

monolayers or spheroids as determined by RNA-SEQ. NRC = normalized read 

counts. Data are presented as mean ±SEM of three independent biological 

replicates. (*p<0.05; ****p<0.0001, unpaired two-tailed Student’s t test). 

C) Western blots showingABCA1 levels in HCT116 p53+/+ and p53-/- cells grown 

as MLC or SPC. Vinculin (VCL) is shown as loading control. 

D) HCT116 p53+/+ and p53-/- cells expressing doxycycline-inducible shRNA 

sequences targeting SREBF2 (sequence #84 and #85) were cultured as SPC 

and treated with 1 µg/ml doxycycline (DOX) for 72 hours. Expression of 

HMGCS1 was determined by WB. Actin is shown as loading control. 
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E) Confirmation of efficient silencing of SREBF2 in SPC following shRNA 

induction. Data show mean of duplicate samples. 

F) WB of nuclear extracts from HCT116 p53+/+ and p53-/- cells cultured as 

monolayers either in full medium (FS) or lipid-reduced medium (LS, 1% FCS) 

for 24 hours. Histone H3 is shown as loading control. 

G) Expression of HMGCS1 and HMGCR mRNA in HCT116 p53+/+ and p53-/- 

cells cultured as MLC either in full medium (FS) or in lipid-reduced medium (LS, 

1% FCS) for 24 hours. Data show mean of duplicate samples. 

H) Western blots showing the phosphorylation of p70S6K in HCT116 p53+/+ and 

p53-/- cells grown as MLC or SPC. Upper band represents the phosphorylated 

form, lower band the unphosphorylated form of the protein. Vinculin (VCL) is 

shown as loading control. 

I) HCT116 p53+/+ and p53-/- cells were cultured as monolayers under normoxia 

(N) and hypoxia (H, 0.5% oxygen) for 24 hrs. Cells were lysed and protein 

expression was analyzed for HMGCS1, P-S6RB, S6RB and PDK1. Vinculin 

(VCL) is shown as loading control. 

J) HCT116 p53+/+ and p53-/- cells grown as SPC were treated with 0.5 µM 

MK2206 for 48 hours. Western Blot showing the levels of AKT, p-AKT (serine 

473), GSK3, p-GSK3 (serine 21/9), S6RB and p-S6RB (serine 240/244). 

Vinculin as shown as loading control. 

 

Figure S3: Inhibition of mevalonate synthesis reduces survival of p53 wild 
type and deficient cells in monolayer cultures (related to Figure 3) 
A) HCT116 p53+/+ or p53-/- cells were grown as SPC and treated with 10 µM 

simvastatin (SIM) or solvent (DMSO) for 72 hr. RNA was extracted and 

analyzed by RNA-SEQ. Enrichment plots for the comparison between 

simvastatin treated and control samples for genes from the 

HORTON_SREBF_TARGETS signature (8), CHANG_CYCLING_GENES (9) 

and SARRIO_EPITHELIAL_MESENCHYMAL_TRANSITION_UP (10) are 

shown. 

B) HCT116 p53+/+ or p53-/- cells were grown as SPC and treated with 10 µM 

simvastatin (SIM) or solvent (DMSO) either alone or in combination with 0.5mM 

mevalonate (MVL) for 72 hours. Levels of Aurora Kinase A (AURKA) Cyclin A 
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(CCNA1) and Cyclin D (CCND1) was determined by western blotting. Vinculin 

is shown as loading control. 
C) Monolayers of HCT116 p53+/+ or p53-/- cells were treated with the indicated 

concentrations of mevastatin (MST), an HMGCR inhibitor, or zoledronic acid 

(ZA), an inhibitor of farnesyl diphosphate synthase, either alone or in 

combination with 0.5 mM mevalonate (MVL) for 48 hours. Cell numbers were 

determined by DAPI staining. Data show mean ±SEM of three independent 

biological replicates. (*p<0.05; ****p<0.0001, unpaired two-tailed Student’s t 

test). 

D) HCT116 p53+/+ or p53-/- cells were grown as SPC and treated with 10 µM 

simvastatin (SIM) or solvent (DMSO) for 72 hours. Spheroids were fixed and 

histological sections were analyzed for the presence of apoptotic cells by 

cleaved caspase 3 staining. Images show representative results of three 

spheroids analyzed per condition. 
 

Figure S4: Inhibition of mevalonate synthesis reduces ubiquinone 
synthesis in colon cancer cells (related to Figure 4) 
A-B) HCT116 p53+/+ or p53-/- cells were grown as SPC and labelled with [U13C]-

glucose for 2 or 16 hrs before cells were extracted and analyzed for the 

abundance of acetyl-CoA isotopologues. Data are shown as mean ±SEM of 

three independent biological replicates. 

A) Relative peak intensities of individual labelled fractions for acetyl-CoA after 

16 hrs of glucose labelling.  

B) Labelling pattern for acetyl-CoA. 

C-D) HCT116 p53+/+ or p53-/- cells were grown as SPC and treated with 10 µM 

simvastatin (SIM) or solvent (DMSO) for 72 hrs. For the last 16 hours, cells 

were labelled with [U13C]-glucose before cells were extracted and metabolites 

were analyzed by LC-MS. Data are shown as mean ±SEM of three independent 

biological replicates. 

C) Relative peak intensities of individual isotopologues for cholesterol.  

D) Relative peak intensities of individual isotopologues for ubiquinone. 

 

Figure S5: Ubiquinone does not rescue cell viability in monolayer cultures 
(related to Figure 5) 
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A) HCT116 p53+/+ or p53-/- cells were grown as SPC and treated with 10 µM 

simvastatin (SIM) or solvent (DMSO) for 72 hrs. For the last 16 hours, cells 

were labelled with [U13C]-glucose before cells were extracted and metabolite 

levels were analyzed by LC-MS. Relative peak intensities of isotopologues of 

TCA cycle metabolites are shown. Data are shown as mean ±SEM of three 

independent biological replicates. 

B) HCT116 p53+/+ or p53-/- cells were grown as SPC and treated with 10 µM 

simvastatin (SIM) or solvent (DMSO) either alone or in combination with 0.5 

mg/ml water soluble cholesterol for 72 hours. Apoptotic cells were quantified by 

TUNEL staining. Data are presented as mean ±SEM of at least 3 spheroids 

analyzed per condition. (**p<0.01, unpaired two-tailed Student’s t test). 

C) MLC of HCT116 p53+/+ or p53-/- cells were treated with 10 µM simvastatin 

(SIM), 10 µM mevastatin (MST) or solvent (DMSO) either alone or in 

combination with 0.5 mM mevalonate (MEV) or 10 µM ubiquinone (Q10) for 48 

hours. Cell numbers were determined by DAPI staining and automated cell 

counting of three independent biological replicates. 

 
Figure S6: Mevalonate pathway activity results in global downregulation 
of gene expression (related to Figure 6) 
A) HCT116 p53-/- cells were grown as SPC and treated with 10 µM simvastatin 

(SIM) or solvent (DMSO) either alone or in combination with 1 mM uridine for 

72 hours. Apoptotic cells were quantified by TUNEL staining. Data show results 

for two spheroids analyzed per condition.  
 
Figure S7: Simvastatin blocks growth of Apc-deficient Kras-transformed 
tumor organoids (related to Figure 7) 
A) Efficient recombination of Trp53 and Kras in intestinal cells derived from 

VillinCREERT2Apcfl/fl, VillinCREERT2Apcfl/fl;p53fl/fl, VillinCREERT2Apcfl/fl;KrasG12D or 

VillinCREERT2Apcfl/fl;p53fl/fl;KrasG12D animals after tamoxifen treatment was 

confirmed by genomic PCR.B)  

B) Organoids derived from the different genotypes were treated with 10 µM 

simvastatin (SIM) for 48 hrs. Induction of apoptosis was analyzed by detection 

of cleaved PARP. Actin is shown as loading control.  
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C) VillinCREERT2;apcfl/fl;KrasG12D/+ mice were treated with a single 

intraperitoneal injection of 80 mg/kg of tamoxifen. Mice were treated with 35 

mg/kg leflunomide in 100 µl 0.15% carboxymethylcellulose, once daily via oral 

gavage. After four days, mice were sacrificed and intestinal mucosa was fixed, 

paraffin embedded and histological sections were stained for BrdU 

incorporation. Representative images are shown. 

D) At least three intestinal crypts for each treatment were scored for BrdU 

positive cells.
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