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Figure S1. Related to figure 1.  

(A) Percentage contribution of uptake and de novo synthesis to total cholesterol pool. 

Data from Fig 1B quantified. (B) Cholesterol labeling pattern in MIA-PaCa2 cells, from 

[U13C]-glucose and [U13C]-glutamine. Tracing was for 72 h in either high serum (5% dFBS) 

or low serum (2% dFBS). Result quantified in (C), (C) Percentage contribution of uptake 

and de novo synthesis to total cholesterol pool. (D) Intracellular cholesterol as a 

consequence of statin (Simva) treatment (72 h), in both high and low serum. (E) Effect of 

statin (Simva) treatment (72h) on de novo cholesterol synthesis in low serum. (F) Effect of 

simvastatin on cholesterol uptake rate in low serum.  (G) Effect of statins (simvastatin, 

atorvastatin, pitavastatin, each at 2 μM and 48h)) on cell numbers in both high and low 

serum for KPC, MIA-PaCa2 and PC3 cells. Data for control and simvastatin same as in 

Figure 1C. (H) Dolichol-19 labeling pattern from [U13C]-glucose and [U13C]-glutamine in 

KPC cells (48 h tracing).  (I) [13C9]-tyrosine incorporation (48 h) into CoQ in KPC cells 

treated with Tyro and Tyro plus simvastatin. (J) CoQ labeling pattern from [13C1]-

mevalonolactone in KPC cells. Result quantified in (K). (K) Fraction newly synthesized 

CoQ9 from [13C1]-mevalonolactone in KPC cells (48 h labeling). (L) Effect of various 

statins (each 2 μM and 48h)) on CoQ synthesis. Data for control and simvastatin same as 

in Figure 1F. (M) CoQ pool size in KPC, MIA-PaCa2 and PC3 cells treated with 

simvastatin for 48 h. Values are relative to control.   (N) Effect of simvastatin on CoQ 

levels over time in KPC cells, and rescue with mevalonolactone (250µM). For (A), (B), (C), 

(E) data is mean ± SEM of 2 biological replicates, each performed in triplicate, for (D), (F), 

(H), (I), (L), (M), (N) data is mean ± SEM of 3 biological replicates, each performed in 

triplicate, for (G) data is mean ± SEM of 4 biological replicates, each performed in 

triplicate, for (J), (K), data is shown as mean ± SEM of a representative biological 

replicate. Statistical significance was tested by t-test for (A), (C), (E), (F), (M) or ANOVA 

for (D), (G), (I) (L). *:p<0.05, **:p<0.01 and ****p<0.0001 Abbreviations: ns- non-

significant. Abbreviations: CoQ: coenzymeQ; Mev.: mevalonolactone; Tyro: Tyrosine 
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Figure S2. Related to Figure 2.  

(A) Succinate pool size in KPC, MIA-PaCa2 and PC3 cells in response to statins (2 μM 

each, 48 h). (B) OCR as determined by Seahorse XFe96 extracellular flux analyzer. 

Cells were pre-treated with DMSO (vehicle control) or indicated statin (each at 2 μM) for 

24 h prior to analysis. (C) Glucose uptake and lactate release rates in response to 

treatment (48 h) with indicated statin (each at 2 μM).  (D) Effect of simvastatin and 

combination with mevalonolactone on OCR in KPC and MIA-PaCa2. Cells were 

pretreated in indicated conditions for 24 h before the measurement.  For (A) and (C), 

data for Ctl and Simva is same as Figure 2A, C. For (A) data is shown as mean ± SEM 

of 3 biological replicates, each performed in triplicate, for (B) data is shown as mean ± 

SEM of 3 biological replicates each with 10 replicates, for (C) data is shown as mean ± 

SEM of a representative biological replicate, for (D) data is shown as mean ± SEM of 2 

biological replicates each with 10 replicates. Statistical significance was tested by 

ANOVA: *: p<0.05, **: p<0.01, ***: p<0.001, ****p<0.0001. Abbreviations: Mev.: 

mevalonolactone: OCR: Oxygen consumption rate, Rot/AA: rotenone and antimycin A, 

Simva: Simvastatin, Pitava: Pitavastatin, Atorva: Atorvastatin. 
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Figure S3. Related to Figure 3.  

(A) Effect of statins and simvastatin + mevalonolactone (250 μM) on GSSG/GSH ratios 

(Statins: 2 μM each, 48 h). Data shown relative to vehicle control (DMSO). (B) Glutamine 

uptake and glutamate release rates in response to statin treatment (2 μM each, 48 h). (C) 

Effect of statins (2 μM each) and mevalonolactone (Mev., 250 μM) on citrate labeling from 

[U13C]-glutamine tracing for 48 h in KPC, MIA-PaCa2 and PC3 cells. (D)  Cystine uptake 

relative to control. Conditions identical to (C).  (E) Intracellular cystine levels in identical 

conditions to (C). Values are relative to vehicle control (DMSO). (F) Fold change of xCT 

mRNA (by qPCR) after simvastatin treatment and simvastatin + mevalonolactone. (G) 

Proline labeling from [U13C]-glutamine (48 h) in KPC, MIA-PaCa2 and PC3 cells treated 

with statins (2µM each) and simvastatin + mevalonolactone. Values are relative to control. 

(H) Effect of simvastatin and simvastatin + mevalonolactone on PYCR mRNA expression 

(48 h treatment). (I) Intracellular hydroxyproline levels in cells treated with indicated statins 

(2 μM each, 48 h) and simvastatin + mevalonolactone. Values are relative to control. (J) 

Cell number relative to vehicle treated control in KPC, MIA-PaCa2 and PC3 cells treated 

with simvastatin, simvastatin + mevalonolactone (Mev. 250 μM) or simvastatin + N-acetyl 

cysteine (NAC, 1 mM). Ctl and Simva data is same as in Figure 3 for (A), (B), (C), (D), (E), 

(G), (I). For (A), (C), (E), (I), (J) data is shown as mean ± SEM of 3 biological replicates, 

each performed in triplicate, For (B), (D), and (G) data is shown as mean ± SEM of a 

representative biological replicate with each condition in triplicate, for (F) and (H) data is 

shown as mean ± SEM of 3 biological replicates with 6 technical repeats for each. 

Abbreviations: GSSG: glutathione disulphide, GSH: glutathione, Mev.: mevalonolactone, 

NAC: N-acetyl cysteine. Statistical significance was tested by ANOVA for (A), (B), (C), (D), 

(E), (F), (G), (H), (I). (J). *: p<0.05, **: p<0.01, ***: p<0.001, ****p<0.0001.  
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Figure S4. Related to Figure 4. 

(A) Plasma 2H2O enrichment in KPC mice.  (B) Fractional 2H2O enrichment of liver 

cholesterol in KPC mice treated with vehicle or simvastatin. (C) Same as (B) but for 

plasma cholesterol. (D) Same as (B) but for benign pancreas and tumor cholesterol. (E) 

Plasma dolichol-19 fractional enrichment from 2H2O in KPC mice.  (F) Same as (E), but 

for tumor-derived dolichol-19. (G) Small intestine CoQ fractional enrichment from 2H2O in 

KCP mice. (H) Same as (G) but for plasma CoQ. (I) Plasma CoQ quantification, as peak 

area normalized to internal standard (IS) (J) IHC of 8-hydroxyguanosine ROS stain in 

tumor. Number of unstained cells was quantified. Scale bar represents 20 µm. (A)-(I) 

shown as mean ± SEM for n = 4 mice per group. For (J) quantification shown as median 

score ± SEM from 30 frames for n = 4 mice per group.  Note one vehicle mouse had no 

benign pancreas. Statistical significance was tested by student’s t-test (A) - (I) or Mann-

Whitney (J). *: p<0.05, ns: non-significant. Abbreviations: Simva: Simvastatin. 
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Figure S5. Related to Figure 5.  

(A) Effect of simvastatin (2µM) and AZD6244 (0.25 µM) on NRF2 expression. (B) mRNA 

expression MEK targets ETV4, ETV5, DUSP6, and xCT after AZD6244 (250nM) or 

combined treatment with simvastatin (2 µm) (48 h). Data for xCT same as Figure 6A for 

Ctl and combined treatment. (C) Cystine uptake rate in response to same conditions as 

(A). Rates relative to control. (D) GSSG/ GSH ratios for same conditions as (A). Data 

shown relative to vehicle control (DMSO).  (E) Quantification of NRF2 knock-down (KD) 

in KPC cells relative to non-targeting control (Ctl). (F) Cell number relative to non-

targeting control (Ctl) for KPC cells treated with vehicle (DMSO) control or simvastatin 

(Simva, 2µM), and KPC cells with treated with two different siRNAs against NRF2 

treated with vehicle (DMSO) control or simvastatin. (G) NRF2 target gene expression 

relative to non-targeting control (Ctl). (H) Representative growth curve of KPC cells 

treated with the indicated concentration of simvastatin or AZD6244 single arm 

treatments, or the indicated concentration of simvastatin + 0.25 µM AZD6244. (I) As for 

(H) but for MIA-PaCa2 cells. (J) Combination index graphs for the KPC cell line, 

displayed with an increasing concentration of simvastatin and a  fixed concentration of 

AZD6244. A value < 1 indicates synergy. (K) As for (J) but for MIA-PaCa2 cells. For (A), 

(B), (G) data is shown as mean ± SEM of 3 biological replicates from 6 replicates, for (C) 

data is shown as mean ± SEM of a representative biological experiment performed in 

triplicate, for (D), (E), (F), (H), (I), (J), (K) data is shown as mean ± SEM of 3 biological 

replicates, each performed in triplicate. Statistical significance was tested by ANOVA for 

(A) - (G) and one-sample t-test for (J), (K). *: p<0.05, **: p<0.01, ***: p<0.001, 

****p<0.0001.  

 

 


