
Hsp90B enhances MAST1-mediated cisplatin resistance by protecting MAST1 from proteosomal 
degradation   
Pan et al. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplemental Figure 1. MAST1 is more susceptible than cRaf or AKT to degradation by 17-
AAG in cisplatin-resistant cancer cells. KB-3-1cisR (A) and A549cisR (B) cells were treated with 
17-AAG at the indicated concentrations and time prior to immunoblotting. Protein levels were 
determined by densitometry analysis. Data are mean ± SD from three technical replicates and 
representative of two independent biological experiments.  
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Supplemental Figure 2. Hsp90 inhibition does not alter MAST1 gene expression in cisplatin-
resistant cancer cells. KB-3-1cisR and A549cisR cells were treated with increasing concentrations 
of 17-AAG for 24 h. MAST1 mRNA level was determined by quantitative RT-PCR. Data are 
mean ± SD from three technical replicates and representative of three independent biological 
experiments. Statistical analysis was performed by 1-way ANOVA. 
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Supplemental Figure 3. 17-AAG treatment sensitizes cisplatin-resistant cancer cells to 
cisplatin through MAST1.  (A) Cisplatin IC50 upon 17-AAG treatment with or without MAST1 
knockdown in A549cisR cells. Cisplatin IC50 values were determined by CellTiter-Glo assay. (C)  
Cisplatin IC50 upon 17-AAG treatment, MAST1 knockdown, and rescue expression of MAST1 
WT. Three different shRNA clones were used for MAST1 knockdown. (B and D) Effect of 17-
AAG treatment and MAST1 knockdown (B), and knockdown and rescue expression of MAST1 
WT (D) on tumor proliferation was assessed by Ki-67 immunohistochemistry (IHC) staining. 
Scale bars represent 50 µm. Data shown are representative of three (A and C) and two (B and D) 
independent biological experiments. Data are mean ± SD from three technical replicates. Statistical 
analysis was performed by 1-way ANOVA (*P<0.05; ***P<0.005; ****P<0.0001). 
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Supplemental Figure 4. Hsp90B stabilizes MAST1 and contributes to cisplatin resistance. (A) 
Interactions between hsp90 isoforms and 17-AAG were determined by Biacore SPR. (B-C) Effect 
of 17-AAG on MAST1 protein level, cell viability, and cisplatin response in cells with hsp90A or 
hsp90B knockdown. KB-3-1cisR and A549cisR cells with hsp90A or hsp90B knockdown were 
treated with 17-AAG (100 nM) in the presence of sublethal doses of cisplatin (KB-3-1cisR: 5 µg/ml, 
A549cisR: 2 µg/ml). (D) Effect of hsp90B knockdown and MAST1 overexpression on tumor 
proliferation. Scale bars represent 50 µm. Data shown are representative of three (A-C) and two 
(D) independent biological experiments. Data are mean ± SD from three technical replicates. 
Statistical analysis was performed by 1-way ANOVA (****P<0.0001). 
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Supplemental Figure 5. Proteasome inhibitor MG-132 stabilizes hsp90 client proteins 
MAST1, cRaf, and AKT but with different sensitivities. 293T cells (A) or KB-3-1cisR and 
A549cisR cells (B) were treated with MG-132 (10 µM) for the indicated times before the addition 
of 17-AAG (1 µM) for 4 hours. Protein levels were determined by densitometry analysis. Data are 
mean ± SD from three technical replicates and representative of two independent biological 
experiments.  
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Supplemental Figure 6. MAST1 protein level contributes to MAST1 activity, cisplatin 
resistance, and tumor proliferation. (A-B) MAST1 kinase activity (A) and cisplatin IC50 were 
determined in KB-3-1cisR and A549cisR cells with MAST1 modulation. MAST1 was enriched from 
cells by immunoprecipitation and MAST1 activity was assessed by ADP-Glo kinase assay using 
myelin basic protein (MBP) as a substrate. Cisplatin IC50 was assessed by CellTiter Glo assay. (C) 
Effect of 17-AAG and MAST1 WT or 2KR expression on cisplatin-resistant tumor proliferation. 
Scale bars represent 50 µm. Data shown are representative of two independent biological 
experiments for (A)-(C) and are mean ± SD from three technical replicates for (A) and (B). 
Statistical analysis was performed by 1-way ANOVA (***P<0.005; ****P<0.0001). 
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Supplemental Figure 7. MAST1 interacts with CHIP and hsp90B. (A) Endogenous interaction 
of CHIP, hsp90B, and MAST1 in cisplatin-resistant cancer cells. (B-C) Effect of CHIP 
overexpression  (B) or knockout (C) on activation status of MAST1 downstream effectors, MEK1 
and ERK1/2 in the presence or absence of cisplatin. Cells were treated with 5 mg/ml of cisplatin 
and 50 nM of 17-AAG for 48 hours. Activation of MEK1 and ERK1/2 was assessed by 
phosphorylation of MEK1 S217/S221 and ERK1/2 T202/Y204, respectively. (D) Interaction 
between MAST1 WT or 2KR and hsp90B was quantified by Biacore SPR analysis. Dissociation 
constants (Kd) values for MAST1 WT-hsp90B or MAST1 2KR-hsp90B interaction are compared. 
(E) Protein stability of MAST1 WT or 2KR in CHIP knockdown cells. Cells with CHIP 
knockdown were treated with 5 µg/ml cycloheximide (CHX) for the indicated times. Data shown 
are representative of two (A-D) and one (E) independent biological experiments. Data are mean ± 
SD from three technical replicates for (E). Statistical analysis was performed by two-tailed student 
t test for (D) and 1-way ANOVA for (E). 
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Supplemental Figure 8. CHIP-mediated degradation of MAST1 sensitizes cisplatin-resistant 
cells to cisplatin. Effect of MAST1 WT rescue expression on cisplatin sensitivity and MAST1 
protein level in KB-3-1cisR (A) and A549cisR (B) cells with CHIP overexpression and MAST1 
knockdown. Two distinct shRNA clones (#2 and #3) were used for MAST1 knockdown. Cells 
with flag-CHIP and MAST1 knockdown or WT overexpression were treated with increasing 
concentrations of cisplatin for 48 h. Cell viability was measured by CellTiter-Glo assay and 
cisplatin IC50 was calculated using Graphpad Prism 8. Data are mean ± SD from three technical 
replicates and representative of three independent biological experiments for (A) and (B). 
Statistical analysis was performed by 1-way ANOVA (***P<0.005; ****P<0.0001). 
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Supplemental Figure 9. Cisplatin-resistant cell viability is further decreased by 17-AAG and 
lestaurtinib combination. Effect of combinatorial treatment with 17-AAG and lestaurtinib on cell 
viability (A) and cisplatin sensitivity (B). A549cisR cells were treated with 17-AAG (100 nM) and 
lestaurtinib (100 nM) in the presence of sublethal dose of cisplatin (A549cisR: 2 µg/ml) for cell 
viability and increasing concentrations of cisplatin for IC50 for 48 h. Cell viability and cisplatin 
IC50 were assessed by trypan blue exclusion and CellTiter-Glo assay, respectively. Data are mean 
± SD from three technical replicates and representative of three independent biological 
experiments (A) and from three biological replicates (B). Statistical analysis was performed by 
one-way ANOVA (***P<0.005; ****P<0.0001). 
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Supplemental Figure 10. Body weight, organ histology, and tumor Ki-67 staining of mice 
treated with vehicle control, lestaurtinib, 17-AAG, and combination. Nude mice were treated 
with cisplatin (5 mg/kg; intraperitoneal (i.p.) injection; twice a week), 17-AAG (50 mg/kg; i.p. 
injection; 5 times a week), and lestaurtinib (20 mg/kg; subcutaneous injection; 5 times a week) for 
29 days. (A) Body weights were measured every 5-6 days during treatment. (B) Hematoxylin and 
eosin (H&E) stained tissue histology of representative mice are shown.  Scale bars represent 50 
µm. (C) Effect of cisplatin treatment with the combination of 17-AAG and lestaurtinib on tumor 
proliferation of lung cancer PDX mice. Proliferation of the PDX tumors was assessed by Ki-67 
IHC staining. Scale bars represent 50 µm. n=5 mice/group. p values were determined by two-tailed 
Student’s t test (ns: not significant). Data shown are representative of five biological replicates for 
(B) and (C). 
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Supplemental Table. 1. Synergistic combination of 17-AAG and lestaurtinib. Dm: Median 
effect dose. Blue: Combination that resulted in synergism. *Combination providing the lowest CI 
value in each cell line. 
 

 

 

 

 


