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Figure S1. The sensitivity to pitavastatin in OSCC and ESCC cell lines. 

A, The number of viable cells 72 hours after treatment with pitavastatin (2 μM) or 

control solvent (equivalent to 2 μM) in 23 OSCC and 43 ESCC cell lines was assessed 

by CV staining assay.  Each data point represents the mean of two experiments (bars, 

SD).  B, Western blotting of the indicated protein in KYSE70, 150, 200, 510 1190 and 

1440 cells treated with pitavastatin (0.1, 0.5 or 1 μM) for 72 hours.  C, The apoptosis 



analysis by flow cytometry analysis in KYSE150 or KYSE200 cells treated with 

pitavastatin (1 µM) and/or Z-VAD-FMK (50 µM) for 72 hours.  D, In ovo experiment 

with KYSE200 cells.  Images of isolated tumors (control [PBS with acetic acid]: n=9, 

pitavastatin: n=12) (left).  Bar, 1 cm.  Tumor weight was measured in each in ovo 

tumor (right).  Student’s t-test was used for statistical analysis. 

  



 

Figure S2. Pitavastatin suppresses the expression of cell cycle-related genes and 

induces DNA damage. 



A and B, Results of KEGG pathway analysis, WikiPathways analyses (A) and GSEA 

(B).  C, Western blotting of the indicated protein in HOC313-LM, KYSE150 and 

KYSE200 cells treated with pitavastatin (1 μM) for 72 hours. 

  



 

Figure S3. GGPS1 is a key regulator of cell growth. 

A, Rescue experiments using metabolites related to the mevalonate pathway.  

KYSE150 and KYSE200 cells were treated with pitavastatin (1 μM) with and without 

each metabolite (mevalonate [500 μM], IPP [5 μM], GPP [5 μM], FPP [5 μM], 



cholesterol [50 μM] or GGPP [5 μM]) for 72 hours.  The number of viable cells was 

assessed by CV staining assay.  Each data point represents the mean of three 

experiments (bars, SD).  P-value was calculated by student’s t-test and indicates NC 

versus each sample.  B, The number of viable cells 72 hours after transfection of si-

GGPS1 #1, #2 or si-NC with and without GGPP (5 µM) in KYSE150 cells was assessed 

by CV staining assay with mean ± SD (bars) for triplicate.  C, Western blotting of the 

indicated protein in KYSE150 cells transfected with each siRNA.  D, GSEA shows 

downregulation of cell cycle-related genes, such as Rb signaling, in HOC313-LM cells 

treated with pitavastatin or subjected to GGPS1 knockdown.  Student’s t-test was used 

for statistical analysis. 

  



 



Figure S4. GGPS1 expression might be correlated with sensitivity to statins. 

A, GGPS1, HMGCR and MET mRNA expression levels in 43 ESCC and 23 OSCC cell 

lines.  RNAs from normal esophagus, tongue and throat tissues were used as a control.  

B, The relationship between HMGCR or MET expression level and sensitivity to 

pitavastatin within ESCC and OSCC cell lines.  C, A high level of GGPS1 expression 

is correlated with resistance to statins in non-hematopoietic cancer cells in the Cancer 

Therapeutics Response Portal.  D, The number of viable cells 72 hours after treatment 

with simvastatin (1.25, 2.5, 5, 10 or 20 μM) or control solvent (equivalent to 2 μM) in 

HOC313-LM and HOC313-LM-Pita-R cells was assessed by CV staining assay.  Each 

data point represents the mean of three experiments (bars, SD).  Student’s t-test was 

used for statistical analysis. 

  



 

Figure S5. DGBP, a GGPS1 inhibitor, inhibits tumor growth as well as 

pitavastatin. 

A, The number of viable cells 72 hours after treatment with DGBP (0.05, 0.125, 0.25, 

0.5 or 1 μM) or control solvent (equivalent to 1 μM) with and without GGPP [5 μM] in 



HOC313-LM, KYSE150 and KYSE200 cells was assessed by CV staining assay.  

Each data point represents the mean of three experiments (bars, SD).  B, Western 

blotting of the indicated proteins in HOC313-LM, KYSE150 and KYSE200 cells 

treated with DGBP (1 µM).  C, Schematic of the in ovo experiment with HOC313-LM 

cells.  Images of isolated tumors (control [PBS with DMSO]: n=17, DGBP: n=18).  

Bar, 1 cm.  Tumor weight was measured in each in ovo tumor.  Student’s t-test was 

used for statistical analysis. 

  



 

Figure S6. MET expression is associated with poor prognosis in head and neck 

cancer. 

A, Kaplan-meier analysis using the expression of the mevalonate pathway-related genes 

and MET in TCGA-head and neck cancer data (PanCancer Atlas). 

  



 

Figure S7. Treatment with pitavastatin or knockdown of GGPS1 inhibited MET 

maturation. 

A, Western blotting of the indicated proteins in KYSE220 and TE14 cells transfected 

with GGPS1-specific siRNAs with and without pitavastatin (8 µM) for 72 hours.  B 



and C, HOC313-LM cells treated with pitavastatin (1 μM) (B) or transfected with si-

GGPS1 #2 (C) with and without mevalonate or GGPP were stained for MET (green) 

and GM130 (red).  Bar, 100 μm.  D, Western blotting of the indicated protein in 

KYSE150 cells treated with HGF (100 ng/ml) after treatment with pitavastatin (0.5 or 1 

μM) or control solvent for 48 hours. 

  



 

Figure S8. The inhibition of MET maturation is caused by inhibition of the 

mevalonate pathway. 

A, Western blotting of the indicated protein in HOC313-LM cells treated with 

pitavastatin (1 or 2 μM), simvastatin (5, 10 or 20 μM), rosuvastatin (10 or 20 μM), 

fluvastatin (1, 2 or 4 μM) or control solvent for 72 hours.  B, Western blotting of the 

indicated proteins in HOC313-LM, KYSE150 and KYSE200 cells treated with 

pitavastatin (1 μM), DGBP (1 μM), CDDP (10 μM), crizotinib (1 μM) or control 

solvent for 72 hours. 

  



 

Figure S9. The combination of pitavastatin and capmatinib synergistically inhibits 

cell growth in vitro. 

A, The number of viable cells 72 hours after treatment with pitavastatin (0.1, 0.25, 0.5, 

1 or 2 μM) and/or capmatinib (0.1, 0.5 or 1 μM) in HOC313-LM-Pita-R, KYSE150 and 

KYSE200 cells was assessed by CV staining assay (left).  Isobologram analysis of 

combination treatment with pitavastatin and capmatinib (right). The line designates the 

combination index (CI), where CI =1 indicates an additive effect, CI <1 indicates 



synergism and CI >1 indicates antagonism.  B, Apoptosis analysis by flow cytometry 

analysis in HOC313-LM-Pita-R, KYSE150 and KYSE200 cells.  Each data point 

represents the mean of three experiments (bars, SD).  C, Western blotting of the 

indicated protein in HOC313-LM-Pita-R, KYSE150 and KYSE200 cells treated with 

pitavastatin (1 μM) and/or capmatinib (0.5 μM) for 72 hours. 

  



 

Figure S10. The combination of statins and capmatinib has a synergistic effect on 

cell growth inhibition. 

A, The number of viable cells 72 hours after treatment with simvastatin (0.625, 1.25, 

2.5, 5 or 10 μM), rosuvastatin (2.5, 5, 10, 20 or 40 μM), fluvastatin (0.125, 0.25, 0.5, 1 



or 2 μM) and/or capmatinib (0.1, 0.5 or 1 μM) in HOC313-LM cells was assessed by 

CV staining assay.  Isobologram analysis of combination treatment with each statin 

and capmatinib. The line designates the combination index (CI), where CI =1 indicates 

an additive effect, CI <1 indicates synergism, and CI >1 indicates antagonism.  These 

CI analyses were performed using numbers indicated by each blue square.  B, The 

number of viable cells 72 hours after treatment with pitavastatin (0.125, 0.25, 0.5, 1 or 2 

μM) and crizotinib (0.125, 0.25 or 0.5 μM) or MGCD-265 (0.5, 1 or 2 μM) in HOC313-

LM cells was assessed by CV staining assay.  Isobologram analysis of combination 

treatment with pitavastatin and each MET inhibitor. 

  



 



Figure S11. Adding mevalonate or GGPP cancels the effect of the combination of 

pitavastatin and capmatinib on cell growth, and this combination synergistically 

enhances tumor growth inhibition in ovo and in vivo mouse models. 

A-C, Rescue experiments using metabolites related to the mevalonate pathway.  

HOC313-LM, KYSE150 and KYSE200 cells were treated with pitavastatin (1 μM) or 

pitavastatin (1 μM) and capmatinib (0.5 µM) with and without each metabolite 

(mevalonate [500 μM], IPP [5 μM], GPP [5 μM], FPP [5 μM], cholesterol [50 μM] or 

GGPP [5 μM]) for 72 hours.  A, The number of viable cells was assessed by CV 

staining assay.  Each data point represents the mean of three experiments (bars, SD).  

B, Apoptosis analysis by flow cytometry analysis in treated HOC313-LM cells.  Each 

data point represents the mean of two experiments (bars, SD).  P-value was calculated 

by student’s t-test and indicates NC versus each sample in A and B.  C, Western 

blotting of the indicated protein in treated HOC313-LM cells.  D, Schematic of the in 

ovo experiment with HOC313-LM and KYSE200 cells (top).  Images of isolated 

tumors and tumor weight in HOC313-LM (control [PBS with acetic acid]: n=9, 

pitavastatin [5 µM]: n=9, capmatinib [5 µM]: n=9, combination: n=10) (middle) and 

KYSE200 cells (control [PBS with acetic acid]: n=8, pitavastatin [5 µM]: n=7, 

capmatinib [5 µM]: n=8, combination: n=8) (bottom).  Bar, 1 cm.  E, Tumor growth 

curves of subcutaneous HOC313-LM tumors, which were treated with pitavastatin (1 

mg/kg) and/or capmatinib (1 mg/kg) (control [PBS with acetic acid]: n=4, pitavastatin 

[1 mg/kg]: n=4, capmatinib [1 mg/kg]: n=4, combination: n=5) (left).  Images of 

isolated tumors (middle).  Bar, 1 cm.  Tumor weight was measured in each mouse 

(right).  Two-way ANOVA was used for statistical analysis.  NS: No significance. 


